
else 'With geometry : 

arithmetic, another "Science to which, in common wit geome­

try. we apply the woro mathcmatical. The simple arhhmeti. 

(".al ·equations 2 + i = ,,; 2 + S = 5, nd other elementar 

propo itions 0 the same sort, are (as was formerly obticrved) 

mt're dejinitio", -; perfectly analogou , in this rc pect, to those 

at til beginning of ~uclid; and it is from a few fundamental 

principles of thi ort, or at lea t from principles which are es. 

senlially of the same description, that all the mote complicated 

result in the s~ence are detived. 

To this general conclusion, with respect to the nature 'of m,~ 

thematical demonstration, an exception may perhaps be, at 
first ight, apprehended to occur, in our reasonings concerning 

geometrical problems; all of these rea ol1ings (a., is well kllown) 

resting ultimately upon a particular cia of principles called 
postlliates, which arc commonly understood to be so very nc~r­
ly akin to a.rioms, that both might, without impropriety, be 
coirlprehended under the same name. cc Tho definition of' a 

postulate ( ys tbe..1 ned and ingeniou Dr Hutton) .will 
cc nearly agree al 0 to an axiom, which is a self-etideut theo­

" rem, a a po lulato i ' a elf-evident problem t." The same 

• " the bowJedp of the truth of thing .. " "Of &his .ort (be adcla) • IlIaD III&)' find an' 
"1IWIde ..mbet of propGIitiou, rtlMOIIiap. MIl 'COftdueiOIll, in -boob of metap!I,.ie., 

'« eehooI~, Dct IOIIIe IOI't of lIIIIuraI pIIiIoIophr I ud, lifter aU, Imo1r II Ik&Ie of 
"'Gtti ~ 01' bediI!I;_he did ....... lie MIl ..... "-B.Iy Oft HtItittIrt ~ 
.... • cJ.Ip. viii. 

Sf. 



o part of his wor1c, quOtes a re~ troin Dr 
_11In'-;', that "there is the same affinity between postula~ 
"and problems, 81 ~tween uioms and theorems., n Dr 

.allis, too, appears, from the following passage, to have had a 
decided leaning to this opinion: "According to some, the 
" difference between a ioms and postulates is aoal6g008 to that 
,I between theorems and problems; the former expressing 

\ "truth hicb are self-evident, and from which other proposi­
"tion may be deduced; the lattet, operations which may be 
.. easily performed, and by the help of which more difficult 
.. conslt'Uctions llJay be dfocted." He afterwards adds, .. This 
" accountoftbedistinction between postulates and axioms seems 
" Dot ill adapted to the division of mathetnatical propositions 
.. into problem and theorem", And indeed, if both postulates 
II and axioms were to be comprehended under Mher of these 
.. names, tbe inno alion ou1d DOt, in my opinion, a1fotd mtich 
Ie ground for censure t," 



• 

thit ~k' it m~v ~ addedt that, according t .• ~~1I.I, 
vi~w q( ~ SQ.~ec tJle p'rpblcms of geometry are not I Par 
thelical and apepuJative (or, to adopt the ·phraseology of some 
late JVri\cn, not less ol,lje« of pure rea.s0t) th~ the ~rems ; 
the poasibility of drawing 1\ ".atAemot1~ t...ugh .. Jine, and of' 
describing a tnatMmatical circle, being llMumed in tbeoon truc­
tion of everT, roblem, in a way quite analogous to that in 
",hich the enuoo' alion of a theorem assumes thf! existmce of 

aigbt lines and of circles corresponding to ':heir ntathematical 
dcfinitiolw. The reaaooing, therefore, on which the solution of 
a problem rests, is not Jeii ~lraIive than tba& which it 
employed in proof of a theorem. Grant the possibility of We 
three operations described in the postulates, an~ the corr t­
ness of the solution is as mathematically certain, as the truth 
of any property of the triangle or of the circle. The tb~ po.­
tulates of Euclid are, indeed, nothing more than the definitions 
of a circle and a straight line thrown into a form somewhat 
di1ferent; and a similar remark may be extended to the cor­
~ distribut,iOD 'of propc»itiODJ into ~ and prob­

~. ~~taDdWg tAc many cqllv~f!nces with which 
t.bia d;stribution j. attended, it was evideotl,y a matt~ of choice 
rather than of neceMity; all Uae truths of ~y easiJy * 

, , g ~ ~ QUlded into eitbft' ~ 1ICCOftii~ t9 tbe; 
~1 c#. the ~a b~tician. A to the 1U'iom.. there cannot 
~ t>t (wbMever opinion ~ be ente~ pi"their utility 

. intigndicance) d&a& they IIt&D4 ~y 'ia t.8e lime 

~~)~~-~~~"~~D~ 



COtltiullotiOIt of tlte Subject.-IIow far it is trlle tI,ot all ]lai/le­

matical Evidence is resolvable iuto Ide1ltical Propositiulls. 

I JI D occasion to take notice, in the first. sectio)) of the pre­

cedil)g chapter, of a theory wilh respect Lo the nalure of llla-

"roblem , J tranllCribe. witb pleasure, a abort I'lI888go from a learn d ud int_ting me­

moir, jalt publiabcd, by an autbor intinuu.cly and critically convcl'bant will. the c1usieal 

remoins uf Greek geometry. 

" The dCIICriptioll of Ilny Il'cometricallinc from the data by which it is defined, must 

• alway. be umed DI poII,ible, and I admitted DI the legitimate means of a geome • 

.. trical COl\Ijtrlletion : it i therefore properly regarded DI 1& pDltWate. TbU8, the de­

"lICriptio~ oCa Itraight line -and of a circle are the poatulatea of plane geometry u­
" .umt'll by Euclid. TIUl de8cription of tbe three (onic Itc/jom, acc:orrung to thc de. 

"6niuon of thllJJI, mu&tallO be regarded u poatuJate ; and though not formally 8tatcd 

"like thO*c of £llclid, are iii trulll admittetl. /II lucb by Apolloniu, and all orh r 

'1 writer on thia branch of ~metry. Tho.ame principle muat be extended to all lU­

I' petior line . 

• Cl Jt i ttU , however, that the propcrtlet of IUch .uperior linet may be treated of; 

"and the deterlption of them may beoa.umed in th lOlution at prubl-. without an 

" actual delineation at them-For it mutt ~ olMerYed, dial DO IIna ~. DOt 

.. en the traight line or circle, CIID be cruly repreNIlted to the _ aceordiug to the 

" Itriet mathematical dcnnitiolll; but tJu. by DO meana AdIiedt the theoretical CODclutioDi 

" which are logically dedueed from Ncb definltioll8o It it only when pomeuy it applied 

co to practice, either in meilatUltiOll, k ill the an. ~ .. ~c.i prinei. 

.. that ac:cW'lle1'C1fdeliDeatien iaIpbItiII&t"...;.;..see UI ~ ~,J. Lift 

.. WritUtgI t/i lWm BilraIO., Q TId; IJ.. I). Puboo 

~ G. aU W. ~ Ladoa, 18lS. 
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theDllltical evidence, very different from that which I have been 

now attt'mpting to (' plain. According to this theory (origi­

nally, I b€>lievc, proposed by Leibllitz) we arc taught, that aU 

mathe~allcal c idellce ultimately resolve into the perception 

of identity; the illllUlllCf'dblc variety of propo ition which Itave 
b('('n di eQ\erro, or ~vhich rt 1/1(/;11 to b~ dico\'ered in the !:Iei­
ence, bcinO' only divel'lllticd expres ions ()f thc simple formula, 

It = n. A' writer of great cmiuellce, both as a mathematician 

and a philosopher, bas lately given his anction, in tbe strong­

est term , to thi doctrine; a serting, tbat all the prodigie p r­
fOflllt'd by the geometrician are accompli bed by tbe oon tant 

"'petition of these word ,-the Bome is the same. "Le geomlltre 

"avanct" de 8upposition en u]>position. 1:t retournant sa 

"p<'n'let· ou mille formes, c'est cn repeLant sans cClise, le m~mc 

" est Ie tII~me, t lu'il opere tous fIeS prodiges." 

As this account of mathematical evidence is quite irrecon­

cilable with the ('ope of lite foregoing observations, it is 
nect: !l8ry, befOre proceeding farther, to examine its real 

import and amount; and what the circum tance are from 

which it derive that plausibility wqich it haa beel(1 10 generally 

supposed to po sess. 

, 

That all mathematical evidt"Oee resolves ultimately into the 

perception of identity, has been CODsidered by 80me as a con-

1IfWI11JfI!Il,t'e of the conlluonly roc j,ed doctrme, bich represents 

loIlIIC'·u •• uue of Euclid all thefirli'lwiflcip1e. of all our subsequent 

re&ilOU*'i."iD geometry. U poD this view of t.he subject. I have 

pothiag tq oWer. in addition to bat 1 have already stated. 



hicb I mean bat at p 
.~ and re6aed nature; aod. at the saDIe time, . volves IlJl 

admixture of important truth, which contributes DOl • f4tJe 10 
the specious veriwniJitudeof the concJusiou. It is founded on 

this simple consideration, t.hat. ~he geomet~ noJ,ions of 'f'CQ­
Uty and of coincidence are the lUDe; aod that.. ev in com­
paring together spaces of dii"ereat figures, all our conclusions 

ultimalely an with their whole weight on the imag\~ry ap­
ptication of ODe triangle to aDOther i-the object of which ima­
gioar.1 application is merely to idtflti/y the two triangles to-' 

gether in e r.ry cirowDs ce connected bo&h with magnitude 
and figun;. & 

.PIAQeU of the auumption 011 which thi,s arg~t 
proceeds. I do not enterlai.n the aligbtat doubt. hoe er 
h the curiosity to examine lUly one theorem in. the elements 



of , in wbleh diftelent sp.ices are compared td.! 
~tier, easily jJerceive, tbat the demonstration, when 
tr8ced back to i 'first printipl ,terminates in the fourth pro­

position or Euclid·s first book: a propoaitiotl of which the 
pl'OQf ts entirely on a supposed application of t~e one tri. 
angle to abe other. In the case of equal triangles which differ 
in figure, thii expedient C1f ideal ~uperpositioD cannot be di .. 
ftlCtJy and immediately mployed to evince thrir equality; 
bat th demonstration will neverthele s' be found to rest at 
bottom. on the same species of evidence. In illustration of 
this doctrine, I shaD only appeal to the thirty-seyenth propo­
sition of the first book, in which it is proved that triangles no 

I 
the same base, and between the same paralleh, are equal; a 
theorem which appears, from a yery simple construction, to be 
only a few steps remo ed from the fourth of the same book, 
in which the supposed application of the one triangle to the 
other, is the only medium of compariaon fiom which theirequa-

• lity is inferred. 

In geaen.I. 1& eeeme to be aImos, aelf..evMieDt, that s.he equa­
lity of two ipaces can be demotJltl'ated only by sbowibg, either 
'that the one might be applied to the other, 10 that their boun .. 
daries should exactly coindde j or that it is poaeibIe, by a goo-, 
mea.rical construction, to divide them into compartments, in luch 

the 'of in one may be pro ed to 
Nif'~""liot Co the I1UD ot ~ ill die Other, upon the pljlciple of 

·qpC!JpcJjlitiioID~ To devise the easieat and limp1eat COD lruCtiODS . 

• __ • thit tmd, is the bj~ whic:U tho Wil aDd in-
...... cbicd.)' . &eeL 
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or it the geometer alooe ho reason upon thiw'<"r:iIt~"" 
.If you wi h to convince a person of plain und r ingt wOO 
j quite unacquainted with matbematics, of the tJlUtb of one of 

Euclid's theorem, it can ol1ly be done by exhibiting to hi eye, 
-oj) ration exactly ~nal()gou8 to those which the geome~r pre> 
scnt to the unuerstanding. good example of this occurs in 
lhe seusible or xpelilllental illufltratioo which' sometimes 
liven of the forty. cvcnth propo ition of Euclid' first book. J'or 
this purpose, a curd is cut into the form of a right angled tri. 
angle, and square pic 'ell of card are auapt 0 the ~trcr ot 

idl' ; :tfter "Inch, by a simpll' ~nd ill ('nious contrivance, thc 
ditferent <{uar are so di sccted, that thOMC of the twp sides 
are made to CQV("'l' the ame space with the squarc of thc -hy­
pothenusc. 10 troth, lhis mode. of comparisoli by a uper­
po iLioD, actual or ideal, is the only test of equality which it is 
po ibl Lo appeal to; and it'is trom this (as seems from a pas­

sag ill Proctus Lo bave been the opinion of Apolloniu ) that, 
in point of logical rigour, the defi1lition of geom trit'al equality 
sbould bave been taken·. 'rhe subject is di eUl:l1led at great 



l~ • .and with liDuch acuteness, u well as learning, In one of 
&he matbeaa.t.icallectw: of Dr Barrow; to which I must refet 

tboee readers ho may wish to see it more fully illu trated. 

I am strongly inclined to susPect, that most of the write~ 
who have" maintainlld tWit all mathematical evidence resolves 
ultim(l.tely· to the perception of identity, have had a secret 

reference, " in their own minds, to the doctrine just state.d; 
and that they have imposed on the~selves, by using the words 

• identity and f,(ftMdity as literally synonymous and convertible 
terms. This does not seem to be at all consi lent, either in 
point of e pression or of fact, with sound logic. When it is 
affirmed (for instance) that" if two straight lines in a cirale 

" intersect each other, the rectangle contained by the segments 
" of the one is equal to the rectangle contained by the seg·" 
" menta of the other;" can it wilh Bny propriety be said, that 
the relation between these rectangles may be" expressed by the" 
formula a === .a? " Or, to take a case yet stronger, when it is " 
affirmed, that" the area of a eircle is equal to that ·of a tri­

" angle baving tbe drcumference for ita bas€l, and the radius 
"fOr its altitude i" ~ouJd it not be an obvwu. paralogisp>. to 

infer from this propoliLion, tbat the triangle and the circle are 



one and the 118m thing? In this last iustJtn~, 
bimie1f has thought it necessary, in order to reeo 
guage. of A~chj~edes with tbat of Euclid, to have ~D to 

a S 'holastic di, tinction between actfUll and potential coinci­

dence; and, therefore, jf we are to avail ourselves of the prin­

ciple of 8uperpositian, in defence of the fa hionable tbeot'Y con­

cerning mathematical evidence, we must, I app bend, intro­
duce a COITe pOnd nt distinction between actual atld potential 
ilktltily·, 

That J may not be accusen, however, of misrepresenting 

the opinion wbich I am ari lous to refute, .shall state it in 
the otds of an autbor, who has made it the ubject of 

partieuJar dissertation; and who appears to meta ha done 
mach justice to his argum nt as any of its other defenders. 

"Orones mathematicorum propositiones sunt identicre, et 
"repnesentantur hac formula, a -= a. Sunt veritates identi­
.. ere; 8ub aria forma expressm, imo ipaum, quod dicitur con­

•• tradictioni principium, vario m~o et invola-



-UUS geueria proPQ8itioDe8 rever& in 
and IlO8tr aul.em it~te1ligeudi flP 

'tiooom. differentia, quod qUledam 

" looga ratiociniorum rie, alia lUeIU breviore' via, ad pri­
" mum omnium priBcipiurn reducantur, et in mud reaolvan­
.. tur. Sic v. g. propositio ! + 2 = "statim hue cediL 1 + 1 
II + 1 + 1 1 + 1 + 1 + 1; i. e. idem e t idem; et proprie 
" loquendo, hoc modo enunciari debet.- i . contingat, adesse 
"vel exi tere qUl\tuor entia, tum existunt quatuol' entia; nam 
"dee istentia non agunt metlle, sed ea hypothetice tant,um 
"subinteUigitur. Inde summa oritur certitudo ratiocinia per­
K spicienti ; at nempc idearum identitatem; et bee est 
" evidenUa &SSensum immediate cogcns, quam matbematicam 
" aut geometricam vocaUlUS. Mathel!i tamen sua natura priva 
II non est et propria; oriLur etenim ex identitatis perceptione, 
II qum iocum habere potest, euamsi idcre non reprmseutent 

" exteDsum -:' 

ith ~~t this passage I have only to remark (aDd the 

!!'ll thing is obsefvlible of ety olber aue&npt hleh has 
heen made to upport lhe opinion in q~D), that the au-

r contouods . two thiogs n' J, dilfe\:ent;--the na-
ture of Ihe t;uthl which are the 'Objects 0 a science, and the 

4' 



Dature of the tfJithtace by 
Granting, for the sake of argument, that all mathetDatical pr0-

positions may be represented by the fonnuJa a -= a, it ould 
not therefore foUow, that every step of the reasoninJ; leading 
to these conclusions, was a proposition or the same nature; 

and that, to feel the full force of a mathematical demonstration, 

it is sufficient to be con inced of this rna im, that twry thing 

may be truly pt-edicated of . self; or, in plain English. that t~ 
lame U the lame. A paper written in cypher, and the inter. 
pretation of that paper by a skil decypberer, may, in like 
manner, h~ considered as, to all intents and puJ1lO&e , one and 
the same tbing. They are 80, in fiwt, jl1 t a8 u~h as one sid 
of an algebraical equation i the same thing with the otb~r 

t it therefore follow, tbat . the whole ev.ideooe upQn 

which the art of decyp~riDg proceeds, resolves ~to the per. 
~tion of identity? . 

It may be fairly questioned too, wheth r it can, with. strict 
correctn be said even of the simple ari~hruetical equation 

i + i - "', that it may be repf8MDted by the fonnula a .. a. 
Th . one is a proposi~n the .fi~ tit. dfff'qflfl 



I .Mnld Ie8roely hav been indnced to dwell so looB OIl tb~., 
theory of .Leibnitz CODcerning mathematical evideD«:et if I had 
not observed among some late 10 . cians (particularly among 

tb folibWers of Coildillac) a 'iog disposition to e"t nd 
it to n the different sorti of end ce' resulting from 

the various employ of our reasoning powers. Condll· 
lac hitMeJf s . tes hi owft,ppinion on this pdint with the ~t 
penect confiden "L'Ctidmee de rdiIort dOn8i8te tm;qu~ewf 

;,..; .. dtm ridmtiM. c' t ce que nons avons deJpontre. ,11 fo t 

" que cette verite sait bien simple pour avoir eehuppe a tous 

"Ie p1ntosophes, qooiqu' its eussent tant cr' t~t" 'assurer 
.' U de I'evidence, dout ils avoient continucllement. 1e mot dans 

lC la bouche -," 

dtrItouIration here alluded to is extremely concise; and 

gra 0 dtrta on hicb jt pmceeda, must be uni r. 
By .. Cknow. dged 10 be irreeiBtibie. The t i , "'J'hat &be 

.. evidenee of every ma matica1 . is that of identity:" 

aieeoDdt " t what are called, ib the osher ecienoes, pro-
"'_-MIL'" or JvdJlM.erttl, '8~ 'at boUDID, . 1 of the 

it· 
_\t~i1dtliUll"'l*k fot him'telf .. 



" tiq~.ou Ie J&iIoD~t 
" a.4-il de m~me dans les autres ieoces, ou Ie raiaQnnemeIK 
" Be fait avec des positioDJ? Je rcponds qu' ~~ pro­
" positwm,jt4geme"" sont au fond Ja Dl~me chose, et que par 
" consequent on raisonne de 1& ~ JDaDiUe dan. toutel8 

" sciences -." 

Upon thiS demonltratio have no comment to offer. The 
truth of the first assumption has been alreadye IUDined at 
suffici ot length; an the second (which is only Locke's very 
erroneous account of judgment ~!OO in terms incemparabJ,y 
more e ceptionable) is too puerile to admit of refutatio~ It 
i!l melancholy to rftect, that a writer who, in his earlier 

yean, had .0 admirably UDfolded the mighty in1hJeoce of ~ 
guage upon our speculative (:Onclusions, should left be­
hind him, in one of his latest publications, so memorable an it. 
1 traOOn of his own fa ourite doctrine. 



:fi'ill8l'1",,*ti.tidil' ea1culatiollS j and iuuch regret is expressed 
had not lived to accompli h a design or 

iiml~"nce 0 human happiness,' I believe I ' 

may.fel venture to It, that it a 1b to for his repu-
tation prUeeeded no t1 rt ; as the el must, fi'om the 
nature of the subject, e affOl'ded, to every competent judge, 

an e pcrimental and palpable ptoof of the vagueness and fal­

laciousness 'of those iews b' whic the undertaking was ug­
gested, In , hili posthumou8 volume, the mathematical preci­

sion and pe picuity of hi details appeal' to a superficial rea­
der to r~ect som part of their own light on the gene 
~nings lith which they are blended; while, to better 

judges, these reasonings come recom~ended with many advan­
tages and with much additional authority, from their coin­
cidence with the doctrines of the Leibnitzian school. 

It would probably have been not a little mortifying to this 

most ingenious and res~tabJe philosopher, to have' discover­

ed, that, in attempting to generalize a very celebrated tb y 
of lJeibnitB. be bad stumbled upon an obsolete conceit, started . 

in this island upwards of a century before. "Wben a an 
" reasoneth (says Hobbes) he does notbjng else but conceive a 

total, addi~on of parcels; or conceive a remain-. 
ftom Bubt:raCtion of one urn from another; ." , f it 

, word ) is conceiving tbe sequ 
.,. .. IiIt;iJf all the parts, to the n of the whole; or from 
-J ••• of hole one part, to the name of tbe 

.!II~~-'I~" operatio are not incideD& to numbers 
~~~~i1"~ll9~'''lQ8DDer ofthioga that can be added together, 

:-In BUIll, in w;at matter so-



" eWi ere e for additioa and subtradioo, ~ alIo 
"ill lace for reNOD; aod where these have no p~. Uaere rep.­
., son haa nothing at all to do. 

" Out of all which we may lefine what that is which is 
"meant by the wor4 r~n, w.ben e reckon it amongst the 
" faculties of the mind. For retUOa, m tbis sense, is nothing 
.. but reckonmg (that is, adding and subtracting) of the conse­
" quen~ of general names agreed upon, for tbe marking and 

. "lignifying of our thoughts ;-1 say fTUU'ki1l8 them, when we 

II reckon by ourselves; and Iignifyi,'8, when we demonstrate, 
" or approve our reckonings to other Ulen -." . 

• Agreeably to this definition, Hobbes bas given to the first 
part of his elements of philosophy, the title of COHPUT. TIO, 

&iv Loo 10 ; evidently employing Lttese two words as precise­
ly :ynonymous. l~rom this tract 1 shall quo.te a short pa 
graph, not certainly on account 'of its intrinsic value, but in 
consequence of the inteoc-8t which it derives from its coinci. 
~ence w.ith lhe pecut' tions of some of our contemp<?raries. I 
t nscribe it'trom the LatiQ edition, as the antiq~ English 
of \h aut.hor it apt to pupte read not familiarised to the 

uliw'ities of his philosopbical diction: 



• mtJtiplicart ~ d~ DOn abnuam, cum mam­
sit quod Equaliurn Wditio, dmsio quod ~q\la­

" liufl). quoties. fieri potest uhtracno. Recidit itaque ratioci­
" natio omnis ad duBS operationes animi, "iliof~ et 8ubtrac­
"time;» Ho oDd I, does this' tgon agree: itb the 

assertion of CondiDac. at all equations are propositidbt, ana 

aU proposition ectuatiqns I 

These SJIeClIlation ,batfev ; of Condnlac 'aud of Hobbes re­
iate to rea*>tling in general; and it is . th' mathema cal reaIOn­
iug alone, that 'We re mmediateJy conce a pre&elrt. 'That 
the pecuur evideace· fiichl tAiti is acoompanied' not re. 
solvable into the perception of identity, has, I flatter myself, 
been sufficiently proved in the beginning of this article ~ and 
the plausible teriSion b, Condillae of the very same theory to 
our reaseoings in all the difterent branches of moral science, 

ds a strong additional preaumptiotl in t8.vour of our COD-



natureofmathematical demonstration. I no retum to a fuhber 
examination of the di tinction between sciences which test ul. 

timately on fuels, and those in which dtifinition. or ~!lpotAt«1 are 

the sole principles of our reasbnings. 

Continuation qf the Suldect.-Evidenie of the Mechanical Philo­

loplly, 'lOt to be conj'ou"ded with that fChich u properly· C1Jlled 
.DemolMtralive fit Matkemnlical.--OppOlite Rrror t:f some late 

Writers. 



The following slight ~ks will sutticiently explain my go­
Jlera1 ideas on this im~rJ.ant articJe of lo,gie. 



encouraged by beautiful uaJogies hich.are ~e 

amoag different physical pbeDO~eoa ,-analogiel, at "be same 
time, hicb, however pleasing to the fancy, cannot aJ ys be 
resolved by our reason into ODe general Ja • la a remark. 
able analogy, for e ample, which presen 'tself :een the 
equality of action and re-actiOD: e col' ion of d 
what obtaina in their mutual t.traction the ooincideoce 
is 80 perfect, 88 to enable us to comprehend all the various . 
facts in the 'san:ie theorem i and it is difficult to resist the 





bodies stopping each other, ben they meet together with 
equal quantities of motion, that, in the opinion of many writ­
ers, th cause of an quilibrium in the several macbines is 
suffi ·jentJy explained, by remarking, " that a body always 

" )0 es as much motion as it communicates." Hence it is in­
ferred, that when two heavy bodies are 8() circumstanced, that 
one C8!lnot descend without causing the other to ascend.at the 
same lime, and with the same quantity of motion, both of these 

bodies must necessarily continue at rest. But this reasoning, 

how ver piau jble i~ may seem to be at first sight, is by n~ 
means ati fRct.orv ; ' for (as Dr Hamilton has justly observed .) 

when we say, that one body communicatt!l its motion to ano­
ther, we must uppose the motion to exist,jirat in the one, and 

Dftt1'UJord, in th other: whereas, in thE' case of the machine, 
the ascent of the one 'body cannot, by any conceivable refine­

menl., be ascribed to a communication of motion ftom the 
body hieh i descending at the 8IU1'le momen : and, there­
fore, (admitting the truth of the general law wbich obtains in 

the colli ion of bOOi ) we might uppose, that in the machine, 
tho superior weight of the hea ier body would overcome the 

lighter, and cause it to ith the quantity 
ofm . li 'th 'cb I 

··--"'--ded demon tra ' 

puul 



ery capacity. but fro illogical and incon-
. e realQRing to bich his as nt is required •• 

So To these remark it may ~ added, that even when one 

proposition in natural philosophy is logically deducible from 
lWOther, it may frequently . be expedient, in communicating ' 
the eJemeD of the scienCe; to illllljtrate and confirm the con­
sequence, as well as the principle, by experiment. Thi I 

sh4Uld apprehend to be proper, wherever a consequence i in­

ferred from a principle I tiunili,ar and intelligible than itself; 
.a thing which must occasionally happen in physics, from the 
complete incorporatio (if 1 ay use the e pion) whir-h, in.. 
modern times, has taken place betw n phy ical, truths, an 
the discoveries of mathematicians. The necessary etrt.:ct of 

tm incorporation was, to give to natural philosophy a mathe­
matical form, and to systematize if.lj, conclusions, as tar as pos­
sibJ,e. agr~bly to rules suggested by malhQD1atical method. 



are all oo-esistent' poiDt of ' ., ~vtnal11 \tied, tbat 

plO~t4m ;, IIli.tl to be eGDBequencce of another .. 0111, 
y' • reference to our eatabliabed arrangmDents. TbUi aU &he 
pooperties of the circle might be as rigorou I, deduced from 

any ooe general property of the curv~ tiorn tbeequality of 
the radii. But it does DOl ' ore .foIlow. tbat .all these ar­
rangements would equally con enient: on tbe'contrary, it is 

evidootl)' useful, and indeed necessary t to lead the mind. as tar 
the thing is practicable, from what i simple to what is more 

complex. The mi~~ is, thai it .oomr impoasible to carry 
this rule II i I, jnto e utUm: and, accordingly, in the 
most elegant ~ . 1 trea ' whic have yet appeared, 

uced from prin-



ftJIUI"lrtn I ume to .y that it i . tjudieious·. I would on~y 

tuggest the propriety, in auch instan~ of confirming and illus­
tratiDg the conclusion, by an appeal to experiment; an appeal 
which, in natural philosophy, possesses an authority equal to 
that which is generally, but very improperly, con idered as 
a mathematical demonstration of physical truth. In pure ge0-

metry, no reference to the senses can be admitted, but in the , 

• In 'Ollie of thete demonatratiolll, however, there i B logical inconsistency 110 glar. 

ing, that I C8IIJIOt rlllilt 'the temptation of pointing it out here, 88 II good inatance of that 

undue predilection for mathematical evidence, in the exposition of ph)'lieal princlplaa, 

which n conspicuous in ~y lementavY treatieee. I allude to &bole demonItratiQIII of 
the property of the lever, in whicb, after attempting to prove the general theorem, 0t 
the luppoilition that the clirectiona of tbe forcea meet ill a point, the same conclu8ion 

exteDded to the aimple cue in which thete directiona are parallel, by the fiction (for it 

~ea no other name) of con~iving parallel linea to meet at an inftnite distance, or to 

form with each other an angle intInitely email. It is B~ge, that .uch B proof '&bould 

ever have been thought more aatiafactory than the direct evidence of our aenaea. 

H_ much more reaaonable and pleuing to begin with the .impler cue {which may be 

euily brought to the teat of experiment), and then to dechIee tiom it, by the re.olution 

of forces. the seneral pr.pOlition I Even Dr Hamilton himaelf, who baa treated of ilIa 

mechanical pcnren with much ingenuity, IHII\8 to bave -.med, that by demonatrat· 

iDg the theoreQJ. in aD ita CI\IIJI, fiom the compoaltlon and reMlution of forcea alone, he 

b8d bronsht the nole IIJbjeet within the complllll of pure geometry. It could acarcely. 
however, (one ebould think) haYe ~ bim, &bat fIVOfJ ftlid ~on of the 
campoaition of forces 10_ DIICCWIrily ume. 1J.fot:!I. &bat .. when a body" acted 
.. upaa b,. farce puaUeJ to • ttraipt lina giyon in pOIicion, tIWi force hal no el'ect 

........ to iceelente er tonaril die protJl'eII of the body towvdI that lina. Ie not 
-.:Is ..... ~"- cabIIiIOIl obiIef,iIdoIt than the ftmcJameatal property 

!MPI¥!;""''''' ~a.ilillrt. ...,,-. ....... toflllert ...... ' A.nd yet. 
&ck the ~ f1l Uu~ &bat it depeDdt upon • 

'"" Iv 68"..,a«l em 'hi1 0CI:IJIicm,-that .. when two 

.... JIWj~.i .... l~ ... cih .. , tW which it turth_ from dlejvlmml • 
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way of illustration; and any loch teference, in t~ mOlt triftmg 
step of a demonstration, vitiates the l"hole. But, in natural 
philosophy, all our reasonings must be grounded on principles 
for which no evidence but that of sense can be obtained; and 
the propositions which we establish, dift'er from each other only 
as tbey are deduced from such principles immediately, OF by the 

intervention of a mathematical demonstraUon. An experimen­
tal proof. ther fore, of any particular pbysical truth, wben it can 
be conveniently obtained, although it may not always be the 
inost elegant or the most expedient way of introducing it to 
the knowJ~Jge of the student, is us rigorous and as sati factory 
as any other; for the intervention of a process of mathematical 

reasoning can never bestow on our coDclusiOll8 a greater degree 
of certainty tban our principles possessed •. 

I have been led to enlarge on these lQPics by,that uoquali­
ned application of mathematical method to physics, which 
bas been fashionable for many years past among foreign writ­

ers; aud hicb seem to have originated chiefly in the com-



~Aing ~l,lence which the gen.~ and learning of Leibnitz 
~ve fK) .long JJ¥lintai.n.e<l over the scientific taste of most EUfOO 

pean nations·. Ip an .account, .lately- published, of t~e Life 
and Writingll of Dr Reid, I have taken nouce of some other 
inconvc:miences resulting frOlD it, till mote ialporta.nt than the 
introduction of aq. unsound lo~c into the elements of natural 

• The following very extraordinary puaage occurl in a letter from Leibnitz to Mr 

Oldenbar« : ' 
" Ego id .,.. cOllftitlli, ubi primum otillm nactlll ero, ut rem onmem mecbani • 

.. cam reducam ad puram geometriam; problemataque circa elateria, et aquu. et peD • 

.. dula, et projecta, et aoiidorum retiltentiam, at frietionee, &ce. definiam. Qua Iiac:tenUf 
" attisit nemo. C!'IIdo autem reIiI omnem DWIC elle in poteltate; ex quo circa regu 
•• IaII1lOtUUJD mitli peniI.1II peneoaia ciemoMtl'ationibUi .. tiafeei; neque quicquam am· 

.. plloa in eo genera deaidero. T ota autem ret, quocl mireria, peadet e Ulomare me • 

.. taphYIICO pulcherrimo, quod Don minoris momenti eet eirca motum, q~ hoc, to­

., tum _ majlll parte, circa magnitudiDem." (Wal/Uii Opera, Vol. IlL p. 6!S.) 

Tbe Httutiftl rttetap}l1/rical GZiom bere referred to by Leibnltz, ia pliinly the prinei. 
Ilk of ,i, ~ muM I and It it not a Uttl. rem8I1W>t., that the hlpftt praite 

"lJicb he had to beIto" UpGD it 'YUt to coua,.. it; to £acIid'. am-, ., That tile 
" "hole it greater chan Ita part." Upon thia prilleiple of 1M IIfIfo;i4rd t'llGl0It, l.eibnitll, • 
• ia"eIl kuon, coac:efred thl& • complete 11-- of physical acience IDight be 
buD&, .. be tboapt the "hoJe of mathemadCIII ICfeDCe reeolfable iaeo abe priaCipJea 
of ideDUty and of coatraclictioo-By the fInt of theee princlpJ. (it may apt be alto­

p&her aupert\IIoua to ~) II to be UIIdentood cbe maim, " Wliateftr la, ";" By the 
MCGI!d. &he IIHIldm. that II It" impcIIeIbIe Ibr the 1liiie Wnr to be, IIIICl not to be:"­
~ ... Rich, • ia evillent, are only diltereot ~ODII or the .... ptOilOiidOD. 
~~ nlDlA'b __ bJ LocIb OIl .... JOJieal iJ1l1t1lity of ..m~ ~ and 

"" kIicaI ..... of. ...... -,.~ afomr" the p~ Of our INI8JODo 

~. .., icieaeee,.J thiDk it ...., ~, t:IIIIIt.W a iII!CII'et tercireAce t.o the 
__ ~;~-.,...,. -*.."oMellde-VL61cz; ThII 8iiiIMn to me-

.'IiW!I ... ..,--'O(-Loab'. ""tl&iurw, ihe .. iltWliidl bf'ileid prof .... 
w.jl1l .. IIIM ...... )';Q ...... .."tiftt ...... ..,.*'*'~, WbIdI hf 'hal aulmldveitCicr 
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philosophy; in particular, of the obviOUs tendeilcy wtrlch 
~as to I itbdraw the attention from that uolty of design 'Which 

with lome .everity, ie, in m1 opinion, dittinct1y pointed at &he letter to?tlr OldeDburg, 
quoted in the beginning of thie DOte. 

U Mr Locke t8tther "Y' (1 bomnr Dr Reid', own.ltemeat) ___ are IUIt 

" of 11M to help mea forward in the .iYlUlcement of the aeieJlCel, or Dew ditcoveriet 01 
.. yet unItnowu trlltha: that Newton, iJl &he ditcoveriel he bu made in hie DCYer enough 

" to be admired book, h .. Dot been auiated by the general muim, whatever la, i.; or 

.. tile whole ie greater than a part, or the like." 
( .At the Iettor to Oldenburg ie c1ated in 1676, (twelve yeln before the publication of 

the E ... y on Human Undel'ltallding) and .. Leibnitz exprettel a dClire that it may 
be communicated to Mr Newton, there can tcarcely be a doubt that Locke had read 

ito; and it refteetl infinite honour on hie eagacity, that he ecem., at that early period, 
to bave fortleell the exteDlive inftuence which the errort of this illUitrioUi man were 

10 1001 to .ailllaia ov.r the ~ or the learned world. The tnuh it, &bat nen 

then be prepared a reply to lOme reuonlnr which, at the diatauce of a century, were 

to mialOIIl, both ID pbyliCi 8IId ID 1otPc. the fiI'It phiJ08opbcrt-in Europe. 
tr these coDJeeturea be well foundea, it mIlA be IICImowledgecl tU& Dr Reid hal Dot 

OIIly faDed in bit defence or ",lUi"" apiIIIt Locke', ·IUtadr; but that Iae ... toUIIJ 
tniupprebended the aim of Locke', ~1f"JDIlIIc. 

" 1 _wer (_" he, ID the peragnpb immedilte1y fol1~ tba& whic:h .. 
.. quoted .oo.e), the irIt ofth_ muimI (whatever it, it) it en identical propotItiou. 
.. of no \lie In matbematles, or in eny other 1cieDce. The aeeond (that the wllole it 
.. greater then a part) It ofteD UI8d .., Naton, uul by aD IAUJatmIticiana,_1IIPJ 

"~ ... ,,..tt. II\~NewtoG,u wen • .nodler .. ~ 
II p08IIIIa hII dtalOllltratlona of m .......... ~ upoa &be ..... laid don 
.. by EacHd, or upon . pnJpCI'IidcIat WJafc:1l JIaft bleD beftIre deIDcIIItrIIICl .., Wp of 
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it is the DO~_ employment of philosophy to illustrate, by 
~isgqisiog it under tbe. semblance of a eternal and necessary 
order, similar to what the mathematician delights to trace 
among the mutual relations of quantities and figures. The oon­
sequence has been, (in too many physical systems,) to level the 
study of nature, in point of moral interest, with the investiga­
tions of the algebraist i-an effect too which has taken place 
most remarkably, where, from the sublimity of the subject, it 
was least to be expected,-in the application of the mechani­
cal pbilowphy to the phenomena of the heavens. But on this I 

very extens~ve and important topic I ~ust not enter at pre-
sent. 

j 

In the opposite extreme to the error whioh I have now been 
endeavouring to correct, is a paradox which was broached, 
about twenty years ago, by the late ingenious Dr Beddoes i 
and which has since been adopted by some writers whose 
names are better entitled, on a question of this sort, to give 
weight to their opinions -. By the part.i4ans of this new doc­
trine it &ee.IU to be i..o.;Iagined, tbat-so far from physics being 
a branch of mathematic ,-mathematics, and more particularly 
geometry, is, in reality, only a branch of physics. "'l'be ma-

" IUppOrt bit aTenlon to lint principlel, than the example of Sir I.Iaac N......... ( E,· 
~iM 1",. "-",, pp. et'I. 6t8, .... edit.) 

I all\lde. here lUOI'e partieuJarly to 1Il1 ~ meDII, Mr l.eeUe, ,.._-ki,h and 

Jtitftl1.ntid .,utIIion. bodI II • mtdIematlcilD ad III eJtperi,meQtaliI&. renders jc 
.. .,. ... 1., ~ for IDe to tUe DOtice of __ flllMl-..a1 IDtIcaI mi take. 

whidl ~.,..,. to ... to We CG' (I'. ia. coqne of thOle iDpoio1II nculWioDe. 

" 



" thematieal sciencea (says Dr BeddoeI) ~ scienoea of expe­
" riment and observation, founded solely 00 the induction of 
" particular facts; as much 80 as mechanics, astronomy, op­
U tic , or chemistry. In the kind of evidence there is 00 dif. 
" ference; for it originates from perception in all these C88eI 

" alike; but mathematical experiments are more simple, and 
" Inore perfectly within the grup of our senaes, and our per­
u ceptions of mathematical objects are clearer .... 

I A doctrinees entially the sa".'e, though expressed in terms oot 
quite su l'evolting, ha been lately sanctioned by Mr Leslie; 
and it is to /,;s view of the argument lilat I mean. to coofine 
~lY attention at present. "The whole structure of geometry , 
" (he remark ) is grounded 00 the simple comparison of tri. 
" angles; and all the fundamental theorems which relate to 
" this comparison, derive their evidence from the mere superpo­
" sition of the' triangles 'them lves; a mode of proof which, in 

in which be OCCIIi-Uy Ind. bimlelf, beyond the .!pet limite of bit favourite 

I&UdieI. 

• Into thi.l train of thinkina. Dr Beddoee intOl'llll he wU fint 1ccl by !lr Home 

Tooke', ~ulatioD8 Conaer.niaa ~ .. III wba&Irfer ~ JO'l In ...... , to 
.. leave cWIic:ultieI behind iI cliIIJeNiac; aDd ~ tbeIe diI1caltiei OCCI&I' IIC yOUI' 
II tert eotrance upon a acieJK1e. ~ to be 10 deIr IDd ceaaiA • JeOIDIIPY. your 
.. feelinat become at.ill more ~; ud )'011 In cI .... ilfied with yOUI' 0_ 

ee ponri of_preJ1eJ11i.oa. 1 .... _ ~ " 11\10 to the auth.of of 'UUA nTIto 
.. POENT A, to acb_1ecIp Illy bbliptioM to him for reIimDt 1118 6.-a thia 10ft 01 

.. diI&rOIIo For I1thoup 1 11M oAen dI,e ~ ... MYel' IOhe aertam dif,; 

II~" E.udi4 dlI my ~ rni'f0il .... br.Mr Tooke" ... 
II ..,..,." ( ~ OIl ,. oe.n ".o.. • .".,.,~. ~ U8If., 
pp.5,aDd 1'-) • 



&&ion • oil And, in 
ancnber pusage: M Geometry, like the o&ber -ecienoes which 

" are DOt ~ed bout e openatiOl18 of mind rests ulti.­
" .Dlately on temaJ observatio • But tbose ul 'lllaW fawts ~ue 
" 0 fe~, BO d" tinct and obvious, that tbe subsequent train of 

" oning j safely pursued to unlimited eAtt'nt, without ever 

" appealing Again to" evident:e of tbe BeDS to" 

Be~ proeeeeing to alre any PeJDarks OD this 

• Eli!meDtt flf Geometry IDII .or a-netriCaJ ADIIlyail,.tc. By Mr wlioo Edja.; 

burp,. 1809. 
The llllertion dlat ,lie tJaple atructure of geO\Detry iI fO\J1lded OD the comparilon of 

triangle', i. expretaed in tel'llll too unqualified. D' Alembert baa mentioned another 

principle as not lee. fundamental, the measurement or angl .. by c:lrcular arch... .. Let 
.. propoaiti_ fonclamentalea de g60mHrie peuvent 6"e rMuitea 1 deux; 1& mHUre de • .. ..,,1eI,.. lee arC' de oercle, et.1e principe deJa .uperpOlition." (~tII PAikwI· 
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it is proper to premise, that it involves two ~ cOil­
siderations, whioh it' is of material consequence to 4istioguish 
from each other. The first is, that extension and figure (the 
subjects of geometry) are qualities of body whioh are made 
known to u by ou external seQ&eS alone, and which actually 
faU under tbe consideration of the natural philosopher, as well 
as of the mathelD~ician. The second, that the whole fabric 
of geometrical &cience rests on the comparison of triangles, in 
forming wruch comparison, we are ultimately obliged to ap­
lpeal (in the same manner as in establishing the first principles 
of physics) to a sensible and experimental proof. 



















alit~est ada of haud or nicety of fYJe • 
• a ;,eq:_II1'ag this demonstration fur he first time. to a 

'I. ho slender soever his capacity might be, I do not be 

'-1ICI1',!; th any teacher thought of ,illustrating i meaning 
by the-actual application of the one triangle to the other. 0 

tea .... at lea t, would do 80 who had fonned correct 00&100. 

of the nature of mathem tical science, 

If tb justness of thtwe remarks be adtnitted, the demomtration 
in queltioD must be allowed to be as well entitled to tbe ll8Dle, 
as any other which the ma ciao can produce; for our 

conclusion rela~ve to the properti of the circle (considered 
in the light of hypo hetical theorems) are no~ the less rigorously 
and neceasarily true, that no material circle may anywhere ex­
ist corresponding exactly to the definition or'tbat figure, so the 
proof given by Euclid o.f the fourth proposition, would not be 

th~ less demonstrativ~ although our &eOBe8 were incomparably 
Jess acqte than they are, and although no material triaagle con .. 
tinued of the same magnitude for a single instant. Indeed, 
when we. _epace aeiJuired the ideal of. ~ty and of a com­
mon m~ure. our mathem~ conclusions ' ouJd DOt be in 
the least atJected, jf alf the bodies in tbe unive bould vanialh 
into n~ng. 

rrect; 
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and the obvious inconsistency of these conclusions 
doctrine concerning the characteristics of mathematical or de­
monstrative evidence, which it was the chief object of this 
lion to establish •. 

• Thil doetrine is concitcly aod clearly Itated by a writer 1fbOle acute and ~. 
thougb Yery ecceutrlc gmilll, l8ldom faiIa to redeem hill wiIdeIt pandos. .. by 

"1fbich ... .-Dt .. oat in clef_I .. them. "DemouItIatio .. II)'Uopmu fm m­
.. logiamol'\1m 1el'1" I nomiQIIIII definidoniblll UlfJue Id c:oncllllionem ultimam .va­
.. ta." ( Comptdatio n" Lop;a, cap. 6.) 

It will not, I trut&, be inferred, from my hmng ~, In the 1forcil or Hobbei, 

Ihq detaobed pt'OpOIitioll, that lam cllIpoIed to _tion any ODe of .. ~ .. 

wJUc:b hay, beeD commonly ~ to be conneoIed 1fith it.,ill the mind oCtile autbo,r­
J aay ItIppOHd, bt'c:aute 1 am by no mean. aatiAfied. (notwithstanding the JOUle and un­
puded manJler in whicti he baa ltated _ oC bis logical oplDioDJ) that JUItice .. 
been done to bis yieft IIIId moti~ in tAil put or bls wora. My 01m IIOtiooa on the 

.-bjec:t of ~ inpllftl, will be .m&cientlJ u.roWed ia the ~ c(w ipeCu­

~ In &he ~ to~Ptt.lae~ty oftp.y~onorm,._­
in., I think it proper 0DCe more to remark. chat the cle6Ditioo or HobbeI, quoted above, 

U to be undemood (ucording to my interpretation of it) • Ipplyirii lCilely to the 

word ~ lD pure ......... 11te extalioD at the .me ...... by Dr 

Ckfte .. -..... .. ~ hidllla. fof daelr ~~ lICIt. lIOIIClidoul or h~ 
tlaetical, but .,.ute truth, ~ to .. to baYe beea attended with mllDy eeriOIll ~­

convenlenc... wblcb the.e es.c:ellent autbon CUd Dot foniiM,e. Of the dewunutrtllUlrll 
~'itllll'hic:b Aristotle hal atteIDpCetl'tO ~ .. ~ niIea; 1 ..,. .... 
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SECTION IV • 

. 
Of 0,... Ret.wmi"8" (:oncermng Probable or Contingent Truth •• 

I. 
Narrow Field of DemonBtrative Eoidence,--Of Demonltrative 

, EcCdetu:t. fllhen cOmbined rvith that of SE NS E, a& i" Practical 
Geometry; and with those qf &1IIe and of INDUCTION, a, in ' 
the Mechanical Philosophy,-Remark. on a Fundamental 
Law of Belief, inwlved in all oUt' &atoning, COtJa!ming Con­
tingent Truth&. 

b the acconnt which has been given of the nature of de­
monstrative evidence be admitted, the province over which it 
extends must be limited almost entirely to the objects of pure 
mathematics. A science perfectly analogous to dus, lD POlDt of 
evidence, may indeed be conceived (as I have already remarked) 
to con isl of a series of propositions relating to moral, to poli­
tical, or to physical sl1bjects; but as it could answer no other 
purpose than to 'display the ingenuity of the inventor, hardly 
any thing of the kind has ~n hithert:G attempted. The only 
e ¥on WilicJi I caD think of, occurs in the speculations for­
'-"''oUi,,~,tiOned under the title of theoretical mechanic •. 

! • 
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But, if the field of mathematical demonstration be lillute4 
entirely to hypothetical or conditional tTU,th , whence (it may 
be a. ked) ariscs the estell ive and the various utility of lOathe­
matical knowledge, in our phy iesl researches, and in the , 
of lif? The answer, 1 appreh nd, is to be found in certain 

peculiarities of those objccts to which tire uppositions of tbe 

mathematician are confined; in consequence of which peeu­
llariti I combination of circumstances may faU tinder the 

examination our ~ses. approximating far mo~ nearly to 
hat hi defiaiLions d rille, than is to be expected in any 

other theoretical p of the human mind. Hence a corre­

sponding coinc.dence between hi ab tract conclusioDlI,'and those 
facts in practical geometry and in physics which they help him , 
to ascertain. 

or the more complete illuab'aUon of this subject, it may be 
ot:.erved, in the til'lt place, that although the peculiar force of 
a.bat. reasoning which j properly caUed fflathematical, depends 

on the circumatance of i principJes being /4!1P(Jtlietica/, yet if, 
ita any i ce, the IUppoaitioD could be asoertaiQf'.d as actu­

xiating, the conclusion might, lLb abe very 8@le certain-
applied. If I , Ibr Ie, ' j par.-

r circle dra ,.all""" Fe xJlCllI ual, 
h.ich baa d ~ Q(. ~ curve ' 

• 



akho~ in lhf practical applications of mathematic , 

the eoiIlmtwrOiour CQll.clusions differs &eotially from that which 
tG the lrut in. 'gated in the throry, it does ~nol 

.-retil)l'C faUo ,tbat tl conclusion are the less important. 

proportion to the accuracy of our data will be that of a11 

our lobsequmt deduction ; and it fortun~tely happens, that 
the arne imperfections of sense which limit what is ph.v ically 
attainable in tbe tormer, limit al!lO, to the very same "exlf:'nt, 

what is pmcticaUy useful in the latter. The astonishing pre­

cision which the mecbanical ingenuity of modern times has 
gi en to mathematical instruments, has, ill fact, communicated 

a nicety to the results ~f practical geometry, beyond the ordi. 
nary demands of human li~ , and tal' beyond the most silnguine 

auticipations of our forefathers ft. , 

• See a very iDtel'eRing and able article, in the 6!\h voluuu: of the Edinburgh Re­

view, on Colow M!idge'ij acCOUDt af d\e ope~ona carried OD lor accomplillhing a cri­

goHUMVical .urvey of England IlAd Walee. I cannot.deny,uly.elf the plcaedre of quot. 
in, a few lentencea. 

.. In two dlatanCel that were deduced &om leta or h'iangle • the one meuured by 

" GeaeJ'Illtoy ID 1787, die otber by Major Mudge Ia 17940, ODe of ~"IS8 milea, aoCl 
II the ocher of S8.688, Jhe two we.fllll!l 'Ife4/ wichin • (00& ... dae lint ..... ce, aacl 

II 16 iuches 81 to the eecond. Such anqreement, where the obeent:n and the m,h'II­
.f mente were both dlI!t:rent, whl.'1'e the liDee meuured were of luch extent, IlAd dedu­

.. ced from .uc:h a .ariety ar dtWJ, it probably widlout .y other example. Coinciden. 

" CIeI 01 dUa IOrt are ..... ill the crig~ 1IlrYe)I .. - pI'Ofe hOW' much more 
.. pod ~tI • .- bylki1ful and _tift obMrven, are capable of petfonllin" 
... ~ moet lIIIII81Iine theoriat c:ould ha e lIVer YeIltured to forewL-

.. 1& .. carioua to COII.pare the early..,.. 01 practical geometry with the per6lctiOD 

.~ have,now naeh .... aucI to c:oaiider that, while the lItitl,1wI 

IIiIIIIUfll'1IIIlIi .......... tbcoriI& laid ~ mauy of the IIUblim beifhte of..,.. 

...... W - tIIiIa.rea r4 t.be drdlJ, filii ... 



!06 ELBKltW'l'i OP 'I' I PHILOSOPHY 

Tbis 1'emarkable, and indeed lingot coincidence of DmIOOio 

sition purely hypothetical, with facts which faU uDder tbs e -
amination of our senses, is owing, as I already hinted, to the 
peculiar nature of the object8 about which mathematics is 
'Versant; and to the opportunity which we have (in COIDseqUeDCle 

of that men8urability· which belongs to aU of them) of adjtJS1;. 
ing, with a degree of accuracy approximating nearly to the 
truth, the data from hich we are to reason in our practicBl 

operations, to those' which are assumed in our theory. The 
'OIlly affections of matter which these objectscomprebe.nd are 

extension and figure; affections which matter possesses in com­
mon with space, aod which may therefore be bCparated in fact, 

as well 88 abstracted in though~ from all its othet sensible 

qualities. In examining, accfirdingly, the relations of quan­
tit.'I connected. with these affections, we are ~ot liable to be dis­

turbed by those phy ical occUlt"", which, in the other applica.­
tion of mathematical science, necessarily render the result, 

more or Jess, at \'8f'ianc w~th the theory. In measuring the 

. height of a mountain, or in the survey of a country, if we are at 

due pains in ascertaining our data, and if we reason from them 
,"th mathematical strictness, the WIIJ'Olt may be depeoded on 
88 accurate itbin ~ r . t g 
but the ~n of uk can be 
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)ssible error may themselves be as­
But, in the simplest applications of ma.thematics to 

mechanics or to j)hYllic , tbe abtltractions which are necellsary 
the theory, mu t alway leave ·out circumstances which are 

~~ILllU!j connected with t.heeft'ect. In demonstrating, for 
example, the property of the lever, we abstract entirely from 
its own weight, aDd c.:onsider it a& an inflexible mathematical 
line ;-8Uppoaitiow. with which the fact cannot possibly corre­
tpond ; and tor which, of course, allowances (which nothing but 
physical experience can enable us io judge ot~) must be made 
in practice·. 

Ne t to practical geometry, properly 80 called, one of the 
easiest applications of mathematical theory occurs in those 
branches of optics which are distinguisbed by the name of 
catopuics and dioptrics. In these, the physical principles 
from which we reason are few and precisely definite, and the 

r t of the process is as purely geometrical as · the EJemenbi 

of Euclid. 

In that part ot astroDomy, too, which rela. solely to the 
phenomena, without any con ideration of physical causes, our 
reasQninp are pureJy goometrical. The dlJla indeed on which 

proceed must h,ve been previously ascertained bI observa .. 
. cion.. but the inferences ' we draw from these are connected 

die by mathematical demoDJtm' n, and are accessible 
bo are acquainted with the theory of spherics. 

·e PI 

• See Noce (u.) 
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In p",ticol astrollODlY, thtl law of ~itation becomes al8G a 

principle or datum in our reasonings; but 88 in the celestial phe­

nom oa, it is disengaged from the effects of the various other 

. cau !S which are combined with it near the surface of our pIa... 
net, this branch of physiCSy as it is of all the moBt sublime 

comp"chensive in its objects, so it seems, in Ii greater degree 

than any otber, to open a fair and advantageous field for ma­

thematical ingenuity. 

In the in tances which ha~e been last mentioned, the evidence 

of our conclusions resOlves ultimately not only into that of sense, 
but into aooth r Jaw of belief formerly mentioned.; that which 

lead!; us to expect the continuance, in future, of the established 

order of physical phenomena. A very striking ilIusU'ation of 

thi presents itself in the computations of the astronomer; 011 

the faith of which he predicts, with the most perfect WlSurance, 

• many centuri before th y happen, the appearances which the 

heavenly bodies ate to exhibit. The same fact is assumed. in all 
our conclusioQs in natura) philosophy; and something extreme­

ly an.atogPu to it in all our conclusions concerning human af. 

fairs. They relate, in both 1 coDDeCtioos, 

bm to proba6le ~- J 
. by 0 

~ca..oqa,;theN-



; .. ..-:,JtiII8!& eJaaaplca may uffice -to convey a general idea 
(l181lN::WlIIl between demon trati e and probable C\' i­

deee; and I P"~1 borrowed them from sciences where 
twn are brought into immediate OODtrait wiLb each other, 
wbet~ the 'ty of both baa hitherto been ally un-

disputed. 

Before prosecuting any farther the subject of probable 
evidence, Borne attention seems to be due, in the first place, to 

the grounds of that fundamental supposition on which it pro­
ceeds,--the ,tability of the order of nature. Of this ~por. 
tant subject, accordingly, I propOse to treat at some Jength. 

II. 

Continuation of the SuJUect.--Of that Pettwanmce or Stability in 
the Order of Nature, .,hick it pruuppoltd in our RealO1tiug. 
t:tWIUming Contingent Truthl. 

- . 
I H'AVE already taken notice of a remarkable principle of tbe 

mind, (whether coeval with the first exercise orits powers. or the 
gradual result of habit, it is not at -preeent materi to inquire), 
ill consequence of which, we are irresistibly Jed to apply to fl)­
bn eyent&, the results of our past perience. In again resWD­
iDs" bject, I do not mean to add any. thing to what W88 

ted coaceroing the origin or dle nature of this principle; 
but .han confine myself to a few reftecI.ions OD that established 
ordet in aucc:euion of event&, which it UDconacioualy assumes 

»d 
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88 a fact j ad 
lif4 a continUed series of er101'8 and disappoiotm . In any 
incidental remarks that may ocour on. the principle i~f, I shall 
consider its existence as a thing univetsaUy acknowledged, and 
shall direct my attention chiefly to ita P . eft'ects ;-eft'ec 

, which wilJ be found to extend equally to the theories of the 
learned, and to the prejudices of the vulgar. The question with 
regard to its origin , , in truth, a problem of mere curiosity; for 
of ib! utI i1\ftuenoe on our belief. and on our conduct, DO 

doubts have been uggesced by ch most .aoptical writers. 

Before enf!ering, however, the folio iog argument, it may 
not be IUpertlUOUM to observe with respect to this expectation, 

I . 

hat, io hatever manner it at tim arises, it cannot fail to 

be mightily confirmed a-.j strengthened by babits of scientific 
reseaircb j the ndenc§\iof which is to familiarize us more and 
more 1tith the simpti:!fty end the unifbnnity of phy . la by 
gradually reconcjJin~ 'th them, a our knowledge tends, those 
pb nom na hich e l."<\d previoo I been d' potIEld lO"COMider 
in the light of exceptions. It i 'tbu that, when due allowances 
re mad for the different feotnstancel of the 

f 



ftAr_ aoa objeet of that scieQce, than when b 

guinea ,and the fi ther drop gether 

In the language of modern ~ the tablish~ order in 
ccoaion of physical events is c()mmonly ret erred (by a 

sort of figure or metapbor) to tIle gt"1lt~. 'ailau', oj' nature. It is 

a mode of peaking tre ly conv~nient from its conciseness, 
but i~ apt to u~t to the fancy a grouDdltl!ll&, and indeed ab­
surd auJogy the material and the moral worlds. As 
the order of society r ults from tll'e law, prescribed by the 
legislatQl, io the order of the universe is colJoeived to re­
sult ftoRl certain 141f1l eatabl' bed by the Deity. Thu, it is cus­

tomary to say, / ~e fall of hCQvy bodiaJ I.Dwar~ the earth's 
j.mace, the ebbing and flowing of the sea, and the motions of 
the planets in their orbits, are consequences of the 14111 of gravi­

tation. But although, in one sense, this may be abundantly ac­
CUI1Ue, it ought. always to be kept in view. that it is DOt a lite­

ral but a tIldapMorial1 statmlcmt of the truth; a statement BOme­

what anaJo&oui to $hat poetical ~ iIJO the sacred writ­
ings, ie wh.ica ODd ia aaid "to have reo hit .decree ~ tbe 
" seas, that they ,baWd not pa ment." In thoee 
polit.ical aseocia' Ii ti which metaphor is bwrowed. the 
law are addrefSed to rational ari4 volunlary agenu, whp ·Me 

to cowpre d their meaom~ and to r~&e their con-
8OOOJldingly. whereas, in the ma~erialuniverse, tile lub­

ation are udentood y aU men to be UDcon­
'~ (that is, e I~·W be u.ochaugcable 

itbout the iDduence of some foreign and external 
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force) and consequelltly tire 0Nk,. so admirably m.aiDtained, 
amidst I the various changu.which they actually undergo, not 
only implies intelligence in its first conception, but implies, in 

jts continued existence, the incessant agency of power, exe­
cuting the purposes of wise design. If tho word law, there­
fore, be, in such instances, literally interpreted, it must mean 
a unifono mode of ope_lion, prescribed by the Deity to him­

.elf; and it lu¥ accordingly been explained in this sense by 
lOme of our best philosophical writers, particularly by Dr 
Clarke •• In employing, however, the word with an exclusive 

reference to experimental pbilosophy,it is more correctly logical 
to conllidcr it merely a statement of some general fact with 
re1lpect to the order of nature i-a fact which has been found to 
bold uniformly in our past experience, and on the cootinuance 

of which, in future, the constitution of our mind d~ines UI 

coJifidently to rely. 

After what has been already Ilaid, it is hardly necessary 
to take DOtice of the absurdity of that opinion, or rather of 
that mod of peaking, which seems to refer the order of the 

universe to get,erallq, operating as e.f/icient caU4tI. Absurd, 
bol¥ r it·, there is re8IOD 10 that. it baa, with 
maDY. bad the drect of 1fI • g the Deity out of view, while 
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, were studying his works. To an incautious use of the 
same veryequivgcaj phrase, may be traced the bewildering 01>-
curity in the peculations of some eminent French writers, con­

cerning its metaphysical impott. Even the great Montes­
quieu, in the very first chapter of his. principal work, has lost 

himself in a fmitles attempt to explain its meaning, when~ 
by a imple statement of the essential di tinction between 
its literal 'and its metaphorical acceptations, he might hav 

at once cleared up the mystery. After telling us that" law, 

• in tbeir most exten ive signification, are the neces ary · rc­

u lation (Ies rapport! fleee saires) which arise from the oa· 
., ture of things, and that, in this sense, an beings have their 

" laws i-that the Deity has /,is law ; the material world it, 
., laws; intelligences superior to man their laws; the brutes 

" their laws; man his laws;" -he proceeds' to remark, " Tha' 
Il the mornl world is far from being so well governed as the 

" tnaterial; for the former, although it has its laws, which arc 
.. invariable, does not observe these laws 110 constantJyas the 
ce latter." It is eYident that this remark derives whatever plau­
sibility it possesses from a play upon word. ; nom contound· 
ing moral laws with' physical; or, in plainer terms, from con­
founding laws which are addressed by a legi lator to intelligent 

beings, with those generdl conclusions concerning th establish-
. ed order of the universe, to which, when legitimately inferred 

&om an inductipn sufficiently extensive, philosophen have me. 
tapborically applied the title of Lmr, of Natu, J. In the one 

~ the conformity of Lhe law with the nature Of things, does 
. nOl t all depend on its being observed or not, but on the rea-

IOnableDeii agd moral obligation of the Jaw. In the other case, 
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the very definition of the word 1mi' suppose& that it applies 
universally; insomuch that, if it failed in one single instance~ , 
it would cease to be a law. It is, therefore, a mere quibble to 

say, that the laws of the material world are better observed than 
those of the mora]; the meaning of the word a, ip 'the two 

ca cs to which it is here applied, being so totally ditfe~ent, as to 
render the comparison or contrast, in the state~ent of which it IS A. 

involved, altogether illusory and sophistical. Indood, nothing 
more is necessary Lo strip the proposition of every semblance 

of plausibility, but an attention to this verbal ambigu~ty ... 

This metapuorical employment of the word law, to express 
a g era! fact., alLhough it does not appear to have been adopt­
ed in th technical phraseology of ancient philQlophy, is DOt 

unusual among, the classical writers, when speaking ' of those 
physical arransements, whether on the ee.rth or in the beavens, 
which continue to exhibit the same apPearance from age to 
age. 

.. Hie tegetet, illie veniunt felicill8 UVII! : 

cc Arborei fetll8 alibi, atque injlllll' me.cunt 

• 1 ~ 11(0 \recOllect any iIIItuce .. tIte ~ .r MomtlI9lieu. ...... 1Ie.... I'M-

80IIed more vtgIlely than iD lbia cbIpter; aDd yet I am incliDecl to . belieYe, that few 

_m" s.=~""''!--'"'''''' ---(.yo. "Frenchwritet} l~:Je ~ .............. 6teDdae 
• ...... pourl ....... ~.Ia........... O_a.er.,-
C4'" ( ..... U) que ilk .... $M- .... ... 1i-.t,1e 
" ... Loi." ( ___ DNAM. II'.,) ~ An..n.-. ~, J.IM.) , 

P ..... ~ dietiiMiWD.IIIII..& ... ...,...., .. 

Dr ................ of JlIIII fIIiIllt"" 
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.. GIuUaI.. N~ ~ croceoe \It TlDOllII odor .. 

.. Iadia miuit ebur, moIIee I. &bura SaIttei l 

.. :At Cbalybee Dudi ferrum, viroaaque PontUl 

.. Cu&orea, El1aduio pa1mu Epiroll equarwn l 

.. CoatiDuo baa kgu, I!IterIIaqU fcIedera certia 

.. bapoIuit DItU'a locia II 

The same metaphor occurs in another passage of the Gear-
8ics, where poet describes the regularity which is 'exhibit-

ed in the eoonomy of the bees: 

.. So., ~ lii&oi, CODIOrtia tecta 

.. Urbil habeDt, magniaque agitIDt ,uh legilJ"" IIeVUID t ,'. 

The following lines from (h'id's account of the Pythagorean 
philosophy, are still more in point: 

.. Et renma C&UIIII,' et quid lllltura clocebat I 

.. QUid DelIS: UnJe wvee, que fuluaiaia ~ on,o: • 

.. Jupiter, an venti, diacuaa Dube toouent : 

.. Quid quateret terral, qui lidera lege mearent, 

.. Et quoclcunque latet i," 

I have quoted these di1ferent passages {rOOl anCient authors, 
cbiefly as an illustration of the trength and of tbe similarity 
of the impression which the order of nature bas made on the 

• vq. L a_,.60. t Geaq.lV. 185. 

i o.iIL Met. V. Q. 

..... ..w .. __ quotMiMl IM.....- .tOll!acJiuCllltbe ....... ~ 
... IIfA •.•• .,.., ........ - ...... tbelieavaal,bo1lie1, 




