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at the Diftance of above 120 Feet, and Silver
at §0. The Theory which led me to this Difco-
wvery is founded upon two important Remarks, the
one that the Heat is not proportional to the Quantity
of Light, and the other that the Rays do not come
parallel from the Sun. The firlt of thofe, which
appears to be a Paradox, is neverthelefs a Truth, of
which one may eafily fatisfy one’s felf, by refleing
that Heat propagates itfelf even within Bodies; and that
when onec heats at the fame time a large Supetficies,
the Firing is much quicker than when one only
heats a {mall Portion of the fame.

Iam, &
From the Chateau de Montbard i
Burgundy, Sept. 18. N.S., 1748,

Buffon.

V. An Effay on Quantity; occafioned by read-
ing a Treatife, in which Simple and Com-
pound Ratio’s are applied to Virtue and
Merit, by the Rev. Mpr.Reid; communi-
cated in a Letter from the Rev. Henr
Miles D.D. & F.R.S. to Martin Folkes
Efz; Pr.R.S.

SEcT. 1.
What Quantity is.

Read Nov. 3.&YINCE mathematical Demonftration

1748 is thought to carry a peculiar Evi-

dence along with it, which leaves no Room for

further Difpute; it may be of fome Ufe, or Entcr-
tainment
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tainment at leaft, to inquire to what Subjeés this
kind of Proof may be applicd.

Mathematics contain properly the Dottrine of Mea-
fure; and the Object of this Science is commonly
faid to be Quantity; therefore Quantity ought to be
defined, What may be meafured. Thofe who have
defined Quantity to be whatever is capable of More
or Lefs, have given too wide a Notion of it, which
1 apprchend has led fome Perfons to apply mathe-
matical Rcafoning to Subjefs that do not admit
of it.

Pain and Pleafure admit of various Degrees, but
who can pretend to meafure theny? Had this been
poflible, it is not to be doubted but we fhould have
had as diftin Names for their various Degrees, as
we have for Mecafures of Length or Capacity ; and
a Patient fhould have been able to defcribe the
Quantity of his Pain, as well as the Time it began,
or the Part it affeted. To talk intelligibly of the
Quantity of Pain, we fhould have fome Standard to
meafurc it by ; fome known Degree of it o well
afcerrained, that all Men, when they talked of ir,
thould mean the fame thing; we fhould ado be
able to compare other Degrees of Pain with this,
fo as to perceive diftinctiy, not only whether they
exceed or fall fhore of 1r, but how far, or in what
proportion ; whether by an half, afifth, or a tenth.

Whatever has Quantity, or is meafurable, muft
be made up of Parss, which bear Proportion to one
another, and to the Whole; fo that it may be in-
creafed by Addition of like Parts, and diminifhed
by Subtraction, may be multiplied and divided, and
in a Word, may bear any Proportion ro another

2 Quantity



[ 507 1]

Quantity of the fame kind, that one Line or Num-
ber can bear to another. That this is eflential to
all mathematical Quantity, is evident from the firft
Elements of Algebra, which treats of Quantity in
general, or of thofe Relations and Propetties which
are common to all Kinds of Quantity. Every alge-
braical Quantity is fuppofed capable not only of
being increafed and diminifhed, but of being exattly
doubled, tripled, halfed, or of bearing any aflignable
Proportion to another Quantity of the {ame kind.
This then is the Chara&eriftic of Quantity ; what-
ever has this Property may be adopted into Mathe-
matics ; and its Quantity and Relations may be mea-
{ured with mathematical Accuracy and Certainty.

SECT. 2.
Of Proper and Improper Quantity.

There are fome Quantities which may be called
Proper, and others Improper. This Diftin&tion is
taken notice of by Ariffetle; but it deferves fome
Explication.

I call that Proper Quantity which is meafured by
its own Kind; or which of its own Nature is capa-
ble of being doubled or tripled, without taking in
any Quantity of a different Kind as a Meafure of it.
Thus a Line is meafured by known Lines, as Inchcs,
Fect, or Miles; and the Length of a Foot being
known, there can be no Queftion about the Length
of two Feet, or of any Part or Multiple of a Foot.
And this known Length, by being multiplicd or di-
vided, is fufficient to give us a diftinét Idca of any
Length whatfoever.

Lxx Improper
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Improper Quantity is that which cannot be meafured
by its own Kind 5 bur to which we aflign a Mecafure
by the means of fomc proper Quantity that is related
to it. Thus Veiocity of Motion, when we confider
it by itfelf, cannotr be meafured. We may perccive
onc Body to move fafter, another flower; but we
can have no diftin&t Idca of a Proporiion or Ratio
between their Velociries, without taking in fome
Quantity of another Kind to meafure them by.
Having thereforc obferved, that by a greacer Velocity
a greater Spacc is paffed over in the fame time, by
a lefs Velocity a lefs Space, and by an cqual Velo-
city an cqual Space; we hence learn to mcafure
Velocity by the Space paffed over in a given Time,
and to reckon it to be in exact Proportion to that
Space: And having once afligned this Meafure vo ir,
we can then, and not till then, conceive one Velo-
city to be exactly double, or half, or in any other Pro-
portion to another; we may then introduce it into
mathematical Reafoning without Danger of Conifu-
fion, or Error, and may alfo ufc it as a Meafure of
other Improper Quantiries.

All the Kinds of Proper Quantity we know, may,
1 think, be reduced to thefe four, Extenfion, Du-
ration, Number, and Proportion. Tho’ Proportion
be meafurable in its own Nature, and thercfore
hath Proper Quantity, yet as Things cannot have
Proportion which have not Quantity “of fome other
Kind, it follows, that whatever has Quanu*y muft
have it in onc or other of thefe threc Kinds, Ex-
tenfion, Duration, or Number. Thefe are the Mea-
fures of themiclves, and of all Things clfe that are

meafurable. )
Numbee
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Number is applicable to fomethings, to which it is
not commonly applied by the Vulgar. Thus, by atten-
tive Confideration, Lots and Chancesof various Kinds
appear to be made up of a determinate Number of
Chances that are allowed to be equal; znd by num-
bering thefe, the Values and Propoitions of thofe
which are compounded of them ey be demon-
ftrated.

Velocity, the Quantity of Marion, Denfity, Elafti-
aity, the Vis infita, and impreffa, the various Kinds of
ccntripetal Forces, and different Orders of Fluxions,
are all Improper Quantities; which thescfore ought
not to be admitted into Mathematics, without hav-
ing a Mcafure of them afligned. The Meafure of
an improper Quantity ought always to be included
in the Definition of it; for it is the giving it a
Mecafure that makes it a proper Subject of mathe-
matical Reafoning. If all Mathematicians had con-
fidered, this as carefully as Sir Ifaac Newton appcars
to have done, fome Labour had been faved both to
themiclves and to their Readers.  That Great Man,
whoi¢ clear and comprehenfive Underftanding ap-
pears, even in his Definitions, having frequent Oc.
cafion to treat of fuch improper Quantitics, never
fails to define them, fo as to give a Mecafure of
them, cither in proper Quantitics, or in luch as
had a known Mecafure. Thismay be feen in the De-
finitions prefived o his Princip. Phil. Nat. Math.

It is not cafy to fay how many Kinds of impro-
oer Quantity, may in time, be introduced into Ma-
thematics, or to wiat ncw Subjects Meafures may
be applied: Eur this 1 raink we may conclude,

Xxz 2 thar
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that there is no Foundation in Nature for, nor can
any valuable End be ferved by applying Meafure to
any, thing but what has thefc two Properties. Firft
it muft admit of Degrees of greater and lefs. Se-
condly, it muft be affociated with, or related to
fomething that has proper Quantity, fo as that when
one is increafed the other is increafed, when one is
diminifhed, the other is diminifhed alfo; and every
Degree of the one muft have a determinate Magni-
tude or Quantity of the other correfponding to it.

It fometimes happens, that we have Occafion to
apply different Meafures to the fame thing. Centri-
petal Force, as defined by Newton, may be mea-
fured various Ways, he himfelf gives different Mea-
fures of it, and diftinguithes them by diffcrent
Names, as may be feen in the above-mentioned
Definitions,

Inreality, I conceive thatthe applying of Meafures to
things that properly have not Quantity,is only a Fition
or Artifice of the Mind, for enabling us to conceive
morc eafily, and more diftinétly to exprefs and demon-
ftrate, the Properties and Relations of thofe thingsthat
have real Quantity, The Propofitions contained in the
two fitft Books of Newton’s Principia might per-
haps be cxprefled and demonfirated, without thofe
various Mcafures of Motion, and of centripetal and
imprefled Forces which he ufes: But this would
occafion fuch intricate and perplexed Circumlocu-
tions, and fuch a tedious Length of Demonftrations
as would fright any fober Petfon from attempting
to read them,

4
StcT.
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Sect. 3. Coroll. firfh.

From the Nature of Quantity we may fee what it
is that gives Mathematics {uch Advantage over other
Sciences, in Clearnefs and Certainty ; namely, that
Quantity admits of a much greater Varicty of Re-
lations than any other Subjet of human Reafoning ;.
and at the fame time every Relation or Proportion
of Quantitics may by the Help of Lines and Num-
bers be fo diftin@ly dcfined, as to be eafily diftin-
guihed from all others, without any Danger of Mif+
take. Hencc it is that we are able to trace its Re-
lations through a long Procefs of Reafoning, and
with a Perfpicuity and Accuracy which we in vain
cxped in Subjects not capable of Menfuration.

Extended Quantitics, fuch as Lincs, Surfaces and
Solids, befides what they have in common with all
other Quantitics, have this peculiar, That their Parts
have a particular Place and Difpofition ameng them-
felves: A Line may nor only bear any aflignable
Proportion to auother,. in Length or Magnitude,
but Lines of the fame Length may vary in the Dif-
pofition of their Partss one may be ftreight, another
may be Part of a Curve of any Kind or Dimenfion,
of which the:e is an cndiefs Variety. The like
may be faid of Surfaces and Solids. So that ex-
tended Quantities admit of no lefs Varicty with re-
gard to their Form than with regard to their Mag-
nitude : And as theic various Forms may be cxaltly
defined and meafurcd, no lefs than their Magni-
tudes, hence it is that Geometry, which treats of ex-
tended Quantity, leads us into a much greater Com-
pafs and Varicty of Reatoning than any other Branch

‘ of



[ 512 ]

of Mathematics. Long Deductions in Algebra for
the moft part’are made, not fo much by a Train of
Reafoning in the Mind, as by an artificial kind of
Operation, which is built on a few very fimple
Principies: But in Geometry we may build one
Propofition upon another, athird upon that, and fo
on, without ever coming to a Limit which we can-
not exceced. The Propertics of the more fimple
Figurcs can hardly be exhaufted, much lefs thofe
of the more complex ones.

SECT. 4. Coroll. 2.

It may Ithink be deduced from what hath been above
faid, That mathematical Evidencc isan Evidence iz
generis, not competent to any Propofition which does
not exprefsa Relation of Things meafurable by Lincs
or Numbers. All proper Quantity may be meafured
by thefe, and improper Quantitics muft be meafired
by thofc that are proper.

There are many Things capable of More and Lefs,
which perhaps are not capable of Menfuration.
Tafles, Smells, the Scnfations of Hecat and Cold,
Beauty, Pleafure, all the Affections and Appetites
of the Mind, Wifdom, Folly, and moft Kinds of
Probability, with many other Things too tedious to
cnumecrate, admit of Degrees, but have not yet been
reduced to Mcafure, nor, as I apprehend, ever can
be. I fay, moft Kinds of Probability, becaufe one
Kind of it, vzz. the Probability of Chances is pro-
perly mcafurable by Number, as is above obferved.

Altho” Attempts have becn made to apply mathe-
matical Reafoning to fome of thefe Things, and the
Quantity of Virtue and Merit in Actions has bcen

meafured
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meafured by fimple and compound Ratio’s; yet 1
do not think that any rcal Knowlege has been firuck
out this Way: It may perhaps, if diferetely ufed, be
a Help 1o Difcourfe on thefe Subjedts, by pleafing tie
Imagination, and illuftrating what is alrea wdy knowns
but until our Attectionsand Appctites thall themitives
be reduced to Quantity, and exact Meatures of their
various Degrees be afligned, in vain thail we efiay to
mcafure Virtue and Merie by them,  This is only to
ring Changes upon Words, and to make a Shew of
mathematical Reafoning, without advancing one
Step in real Knowicge.

Sect. 5. Coroll. 3.

I apprehend the Account that hath been given of
the \mm. of proper and improper Quantiry may
alfo thiow fowme Light upon the Contreverty abour
the Foree of moving Bodics, which long cxercifed
the Pens of many Mathematicians, and for what I
know is rather drop’d than ended; to the no tmall
Scandal of Marhematics, which hath always boaited
of a Degree of Evidence, inconfillent with Debates
that can be breughit to no lilue,

Tho' Phiiowophers on both Sides agree with one
another, and with the Vuigar in thl That the
Torce of a moving Body is the fime, \\'hllL irs Ve-
locity is the famge, is increafed when its Velocity is
incivaind, and diminithed when that is diminithed,
dut thiz vavuce Notion of Force, in which both Sidces
agree, tho’ perhaps fuflicient for common Ditcourfc,
yet s not fufticient to make it a Subject of mathe-
matica, Reaforning: In order to that, it muft be
mege accnrarely defined, and fo defined as to give

us
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us a Meafure of it, that we may underftand what is
meant by a double or a triple Force. The Ratio of
one Force to another cannot be perceived but by a
Meafure; and that Mecafiur: muft be fettled not by
mathematical Reafoning, but by a Definition. Let
any one confider Force without relation to any other
Quantity, and fce whether he can conceive one
Force exaltly double to another ; T am fure I cannot,
nor fhall, till I fhall be endowed with fome new Fa-
culty ; for Iknow nothing of Force but by its Effe&s,
and thercfore can meafure it only by its Effe&s. Till
Force then is defined, and by that Definition a
Mecafure of it afligned, we fight in the dark abouta
vaguc Ideca, \Vlnch is not fufﬁcxcntly determined to
be admitted into any mathematical Propofition.
And when fuch a Definition is given, the Contro-
verfy will prefently be ended.

SEcT. 6.
Of the Newtonian Meafure of Force.

You fay, the Force of a Body in Motion is as its
Velocity : Either you mean to lay this down as a
Dcfinition as New?or himfcif hasdone ; or you mean
toaffirmic as a Propofition capable of Proof. If you
mean to lay it down as a Definition, it is no more
than if you (hould fay, I call that a double Force
which gives a double Velocity to the fame Body, a
triple Force which gives a triple Velocity, and fo
on in Proportion. ThlS I intirely agrec to; no
mathematical Definition of Force can be given that
is more clear and fimple, none that is more agree-
able to the common Ulc of the Word in Language.

For,
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For fince all Men agree, that the Force of the Body
being the fame, the Velocity muft alfo be the fame;
the Force being increafed or diminifhed, the Velocity
muft be fo alfo, what can be more natural or pro-
per than to take the Velocity for the Meafure of
the Force?

Several other things might be advanced to fhew
that this Definition agrees beft with the common
popular Notion of the Word Force. If two Bodies
meet dire¢tly with a Shock, which mutually de-
ftroys their Motion without producing any other
fenfible Effect, the Vulgar would pronounce, with-
out Hcfitation, that thcy met with cqual Force; and
{o they do, accoxdmo to the Meafurc of Force aboxc
laid down: For we find by Expericnce, thatin this
Cafe their Velocities are reciprocally as their Quan-
tities of Matter. In Mechanics, where by a Machine
two Powersor Weights are kept in equzlibrio, the Vul-
gar would reckon that thefe Powers act with cqual
Force, and fo by this Dcfinition they do. The
Power of Gravity being conftant and uniform, any
one would expect that it fhould give cqual D€01ccs
of Force to a Body in equal Timcs, and fo by this
Decfinition it does.  So that this Decfinition is not
only clear and fimple, but it agrees beft with the
Ufe of the Word Force in common Language, and
this I think -is all that can be defiicd in a Dcfi-
nition.

But if you arc not fatisfied with laying it down
as a Definition, that the Force of a Body is as its
Velocity, but will needs prove it by Demonftration
or Egperiment; I muft beg of you, before you take
one Stcp in the Proof, to let me know what you

Yyy mean
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mean by Force, and what by a double or a triple
Force. This you muit do by a Declinition which
conrains a Mezfure of Force, Some primary Mea-
fure of Ferce muft be taken for granted, or laid
down by way cof Dceaniticn; cotherwife we can
never reafon about its Quaznticy, And why taca
may you not tke the Velocity for tic primary Mea-
{ure as well as any other? You will find none that
is morc fimple, more diltinét, or more agrecable to
tiic common Ufe of the Word Forze: Andhethat
rejects onc Definition that has thefe Propertics, has
cquai Right to rejedt any other. I fay rhen, that it
is impoflible, by mathemarical Reafoning cr Experi-
mens, to prove that the Force of a body Is as its
Vclocity, without taking for granted the thing you
would prove, or fomething clfc that is no more
cvident than the thing to be proved.

Secrt. 7.
Of the Lcibnitzian Meafure of Force.

Let us next hear the Leibnitzian, who fays, that
the Force of a Bedy is asthie Square of its Velocity.  If
he lays this down as a Definition, I fhall rather
agree to it, than quarrcel about Words, and for the
futare fhall underftand him, by a quadrup'e Iforce
to mecan that which gives a double Velocity, by 9
times the Force that which gives threce times the
Vclocity, and {fo on in duphcatu Proportion. While
he keeps by his Definition, it will not neceffurily
lead him into any Error in Mathematics or Mecha-
nics. For, however paradozical Lis Conc]uﬁons
may appcar, however different in Words from th

wno
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who meafure Force by the fimple Razio of the Velos
city s they will in their Mcaning be the fame: Juft as
he who would call a Foot twenty-four Inches, with-
out changing other Mecafures of Length, when he
fays a Yard contains a Foot and a half, mcans the
very fame as you do, when you fay a Yard contains
three Feet.

But tho’ I allow this Meafure of Forcc to be dif-
tinct, and cannot charge it with Falthood, for no
Definition can te falfe, yet I fay in the firlt place,
it is lefs fimplc than the other; for why fhould a
duplicatc Ratio' be ufed where the fimple Ratio
will do as well? In the next place, this Meafure
of Force is lefs agreeable to the common Ufe of the
Word Force, as hath been fhewn above; and this
indced is all that the many laboured Argunients and
Expcriments, brought to overturn it, do prove.
This alfo is evidenr, from the Paradoxes into which
it has led its Defenders.

We are next to confider the Prctences of the
Leibnitzian, who will undertake to prove by De-
monftration, or Experiment, that Force is as the
Square of the Velocity. 1 ask him firft, what he
lays down for the firft Meafure of Forcc? The only
Mecafure I remember to have been given by the
Philofophers of that Side, and which fcems firft of
all to have led Lezbnitz into his Notion of Force,
is this: The Height to which a Body is impell’'d by
any imprefled Force, is, fays he, the whole Effe&
of that Force, and thercfore muft be proportional
to the Caufe: But this Height is found to be as the
Squarc of the Vclocity which the Body had at the
Beginning of its Motion.

Yyy 2 In
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In this Argument I apprchend that great Man has
been extremely unfortunate. For, 1}, Whereas all
Proof fhould be taken from Principles that are com-
mon to both Sides, in order to prove a thing we
deny, he affumes a Principle which we think far-
ther from the Truth; namely, that the Height to
which the Body rifesis the whole Effett of the Im-
pulfe, and ought to bc the whole Meafure of it.
24d/y, His Reafoning ferves as well againft him as
for him: For may I not plead with as good Reafon
at leaft thus? The Velocity given by an impreffed
Force is the whole Effect of that imprefled Force s
and therefore the Force muft be as the Veclocity.
3dly, Suppofing the Height to which the Body is
raifed to be the Mcafure of the Force, this Princi-
plc overturns the Conclufion he would eftablith by
it, as well as that which he oppofes. For, fuppofing
the firft Velocity of the Body to be ftill the fame;
the Height to which it rifes will be increafed, if
the Power of Gravity is diminifhed; and diminifthed,
if the Power of Gravity is incrcafed.  Bodies defcend
flower at the Equator, and fafter towards the Polgs,
as is found by Expcriments made on Pendulums,
If then a Body is driven upwards at the Equator
with a given Velocity, and the fame Body is after-
wards driven upwards at Lesjpfick with the fame
Velocity, the Height to which it rifes in the former
Cafc will be greater than in the latter; and therc-
fore, according to his Reafoning, its Force was
greater in the former Cafe; but the Velocity in
both was the fame; confequently the Force is not
as the Square of the Velocity any morc than as the
Velocity.

SECT.
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Secr. 8.
Reflettions on this Controverfy.

Upon the whole, I cannot but think the Contro-
vertifts on both Sides have had a very hard Task s
thc onc to prove, by mathematical Reafoning and
Experiment, what ought to be taken for granted,
the other by the fame mcans to prove what might be
granted, making fome Allowance for Impropricty
of Expreflion, but can ncver be proved.

It fome Mathematician fhould take it in his Hcad!
to aflirm, that the Velocity of a Body is not as the
Spacc it pafles over in a given Time, but as the
Square of that Spacc; you might bring mathemati-
cal Arguments and Experiments to confutc him
but you would ncver by thefe force him to yicld,
if he was ingenuous in his Way; becaufe you have
no common Principles left you to arguc from, and
you differ from onc another, not in a mathematical
Propofition, but in a mathematical Definition.

Suppofc a Philofopher has confider’d only that
Mecalure of centripctal Force which is proportional
to the Velocity gencrated by it in a given Time,
and from this Mcafure deduces feveral Propofitions.
Another Philofopher in a diftant Country, who has
the fame gencral Notion of centripetal Force, takes
the Velocity generated by it, and the Quantity of
Mattcr togcther, as the Mcafure of it. From this
hc deduces feveral Conclufions, that feem dire&tly
contrary to thofe of the other.  Thercupon a fcrious
Controverfy is begun, whether centripetal Force be
as the Velocity, or as the Velocity and Quantity of
Matter taken together. Much mathematical and

4 cxperimental
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pcnmwtal Duft is raifeds and yet ncither Party

can ever be browsht to yicld; for they arc both in
the rivhe, only they have been unlucky in giving
rlie fame Name ro diferent mathematical Comcp~
tions.  Had they dittinouithed thete  Meafures of
centripetal Force as Newton bas dong, calling the
onc Fis coniiipote ‘\' wtitatey acre/rmtr a, the
other Crativas srotriv s all Appaarance of Contra-
diction Lad ceated, and theie Propofitions, which

feem fo contrary, had exa@lly tallied.

VI. A Letter from Rich, Haflel Efg; F.R.S.
to Pcter Daval Efg; Sccr. R. 8. corncerning
a large Picce of a Lath lbeing thruft into

a Mai's Eye, who recover’d of it.

S I R,
Read Nov. 10.F THOUGHT the following Cafe fo
1748 extraordinary as to be worth the No-

tice of the woval Society. If you think {o too, I
beg you to communicate it.

On Sunday the 170 of Fan. 1747. Henry Halfey,
of South Mims, Labourcr, 1lnuﬁ a long Lath with
arcat Violence into the. great Can thus of the lett
Eycot Edward Roberts of the fame Place Labourer,
which broke off quite thort ; {o thata Piccetwo Il]t.hLb
and ncara half long, halt an Inch wide, and above a
quarter of an Inch thick, {/ze Tan L) remained in hlS

Head,and was fo deeply buried there,that it could fcaree
‘ be



