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tively affirm, that he bought the Small Pox when ar
School, and of fuch a Lady, now living, and gave her
three Pence for the Matter contained in 12 Puftules.
That hundreds in this Country have had the Small
Pox this way is certain; and it cannot produce one
fingle Inftance of their ever having them a fecond
time.

Haverford Weft,
Feb. 15. 1723,

Richard Wright.

IX. An Accownt of fome Experiments made to prove,
that the Force of Moving Bodies is proportionable
to their Velocities: (or rather that the Momen-
tum of Moving Bodies is to be found by mul-
tiplying the Ma/]%s into the Velocities) In Anfwer
to fuch who have fometime ago affrm'd, that that
Force is proportionable to the Square of the Velo-
city, and to thofe who [Fill defend the [ame Opinion.
By the Reverend John Theophilus Defaguliers,

LL.D.ER.S.

S far as I can learn, Monfieur Leibnitz was the
firft that oppos’d the receiv’d Opinion, con-
cerning the Quantity of the Force of moving Bodies ;
by faying, that it was to. be eftimated by multiplying
the Mafs of the Bodies, not by their Velocity, but by
the Square of it. Bur, inftead of fhewing any Para-
logifim, in the mathematical Demonftrations, which
U are
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are made ufe of to prove the Propofition, or
any Miftakes in the Reafonings from the Experi-
ments made to confirm-it, he ufes other Mediums
to prove his Affertions ? 5 and without any Regard to
what others had faid on that Subje&, bringsnew Argu-
ments, which the Reverend and Learned Dr. Clzrg
has fully anfwered in his fifth Letter to him. Mef-
ficurs Fohn Bernoulli, W olfius, Hermannus,and others,
have follow’d and defended Monfreur Leibnitz’s Opi-
nion, and in the fame manner, fo that what is an An-
fwer to him, is fo to them.

Polenus (Profeflor at Padua) has aGed after the
fame manner in the experimental Way, making fome
Experiments to defend Monfieur Leibnitz’s Opinion,
without having fhewn thofe to be falfe. which are made
ule of to prove the contrary ® ; and now lately, an in-
genious Profeflor abread (who was of the Opinion
commonly receiv’d,and in his Writings had demonftra-
ted itin the ufual way ¢, confirming it with the common
Experiments made in that Cafe) happening to make
fome Experiments like thofe of Polenus, has drawn:
Conclufions from them to thew the Force of moving
Bodies to be proportionable to the Square of their Ve-
locity ; and being wholly come over to that Opinion,
endeavours to deduce it from Phyfical Principles.

As there can hardly be faid any thing new, or bet-
ter than has been faid, to thew the Force abovemen-
tion’d to be proportionable to the Mafs multiplied in-
to the Velocity; I only repeat here the Subftance
of what others have faid, and make fome old Experi-
ments over again ; but then I confider fome Circum-

# Afta Erudit. ad ann. 1686. p. 162, b Polenus de Caftellis, p. 56,
37, &, ¢ Gravefande Introdu&io, Vol. I. No, 132,

ftances
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ftances, that perhaps have been overlook’d, and at laft,
by a new Experiment, endeavour to fhew, what has
led into an Error fome of thofe, who defend the new
Opinion.

If a Man with a certain Force can move a Weight
of fifty Pounds, through a Space of four Feet, in a de-
terminate time ; it is certain he muft employ twice
that Force to move one hundred Pounds Weight,
through the fame Space in the fame time. But if he
ufes but the fame Force, he will move the one hundred
Pounds Weight but two Feet in the {ame time. For
as the one hundred Pounds Weight contains two fifty
Pound Weights, if each of them has two Degrees of
Velocity given to it, it will exactly require the fame
Force that would give one of them four Degrees of Ve-
locity ; hence it appears, that the Force is propor-
tionable to the Mafs multiply’d into the Velocity.

EXPERIMENT L

Fig. 1. Let the Balance A B, whofe Fulchrum, or
Center of Motion,is at C, be fo divided, that the Bra-
chinm A C be but the fourth Part of the Brachium
CB ; it is known to all Mechanicians, that a Weight
of one hundred Pounds at A, will keep in Equilibrio
a Weight of twenty five Pounds hanging at B, where
it will have a Velocity four times greater than that of
the Weightat A.  For, not only when the Balance is
horizontal, there will be an & quz/ibrium, but whenthe
Balance is put in Motion, it will return to an FEquili-
brium in an horizontal Pofition ; the equal and con-
trary Forces applied at each, deftroying one ano-
ther. Whereas, if the Forces were as the Mafs multi-
ply’d into the Square of the Velocity, the twenty five
Pound Weight fhould have been fufpended at D, only

U= twice
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twice as far from C, as the Weightat A and in gene-
ral, let the make of the Engine be what it will, let the
mechanical Powers be combined in any manner, when
two heavy Bodies, by means of a Machine, a& upon
one another in different directions, if their Velocities
are reciprocally as their Maffes, they will deftroy each
others Forces and come to reft.

As this is true in refpe& of mechanical Powers, fo
it is inrefpect to the Shock or Blow given by falling
Bodies. An heavy Body, falling with an accelerated
Motion, goes through a {pace of one Foot in a quarter
of a Second, and acquires a Velocity, which would
carry it two Foot in the fame Time with an uniform
Morion ; the fame Body falls through a fpace of four
Foot in half a Second, and acquires a Velocity, that
would with an uniform Motion carry it eight Foot in
half a Second. Therefore, as the Time of the fall
through a fpace of four Foot is twice the Time of a
fall through one Foot, the Velocity in the latter Cafe
is double that of the firft, and confequently the Blow,
that the Body will give, will be double.

EXPERIMENT IL

Fig 11 Let the Weight P of one Pound, be placed
in the Scale fufpended at the end A, of the Ballance A B,
which bears upon the Gromon, or Iron Supporter, £ 5 ;.
Then if the Weight C be let fall from D, or one Foot,
it will by.its Stroke on the end of the Beam B, raife
up the oppofite end A with the Weight P, {o high, that
the Spring ¢ 4 will fly from the Button 7, which kept
it ftreight and upright before the Shock. If the Weight
P be of two Pounds, it cannot be raifed by the fall of
C fromany height lefs than F or four Foot ; whereas, if
the force of the Shock was proportionable to the Space,

2 without
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without any regard to the time, as Monfieur Lesbnit 2
and his followers have affirnted, P ought to be raifed,
when C fails only from E, or two Foot, which never
happens ; or, if the Stroke was proportionable to the
Mais multiplied into the {quare of the Velocity, when
C falls from F, then P might weigh four Pound, where-
as the Experiment will never facceed under thefe Cir-
cumftances.

I know it is objeced, that the Blow cannot be al-
ways _direc?c, and that the String that goes through the
hole in the falling Weighit, to guide it in itsFall, caufes
a fenfible Friction, and therefore that fomething of the
Force is thereby loft. But we are to obferve, that if
that was all, there would be no need of raif'ing upC.
in the fecond Cafequite up to F, inftead of E, whereas
in Fa®, it muft always be raifed beyond F, to allow
for the Frition, that hinders it from producing a dou-
ble Effe& in falling from F. For if the Experiment
be repeated an hundred times, the Weight, P when of
two Pounds, will never be raifed by letting Cfall from
any place between E and F.

EXPERIMENT III

If (in order to avoid FriGtion) inftead of a Blow
firuck upon the end B, by the falling Body, the faid
Body C be faftned to a pretty long String tied to the
button 7z, as at ¢, and firft lifted up one Foot, and
then let fall ; fo that in falling one Foot, it may pull
down B, and lift up A with the Weight P of one
Pound ; whenever Pis two Pounds, C muft fall from a
height greater than £ or four Foot, otherwife it will
not raife the Brachium A, efpecially if it be let fall

between ¢ and f.
EXPE-
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EXPERIMENT 1v.

Ttook the Weight C of feventeen Ounces Troy,
‘which was a round ball of Lead with a hole through the
middle of it, and having pafféd the String N-X through
ir, before it was faftened to the Hook X, I placed the
whole Machine in fach manner, that the String being
ftrerched by the Weight N, went through the hole of
the Weight C, and likewife through the hole of the
Brachium B, upon which C lay, without touching
the fides of the hole either in the Weight or Ballance ;
then having put fuch 2 Weight P in the oppofite Scale,
as C falling from the height of one Inch, was able to
raife high enough, to let loofe the Spring g 4 from the
Button z: I added to P another Weight equal to it,
and then letting fall C along the String that guided it,
from an heighth of two Inches, then of three,and then
exactly of four, it would not raife the double Weight
P'to the former height, but falling from five Inches,
or a little higher, it raifed it up.

EXPERIMENT V.

Leaving every thing as it was before, 1 changed the
Weight C for another leaden Ball of twice the Weight,
which falling from one Inch, raifed the double Weight
P to the ufual height ; then changing the Weight P
in any Proportion, whatever height was requird for
the heavieft Ball C (or C 2) to fall from, in order to
raife the Weight at P ; more than four times the height
was required for the firft Ball C, to raife the fame
Weight {o high. as to let loofc the Spring.

EXPE-
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EXPERIMENT VL

I tried the Experiment with the Weight C hanging
at the String 7 ¢ (as in Experiment IIL) and a Fall from
an height of five, or near five Inches, was required to
raife double the Weight in the oppofite Scale, that a
fall from one Inch would raife ; only here the heighth
above four Inches was not fo great as in the former
Experiment, the Fri¢tion being fomething lefs. Then
I {ufpended the great Ball C (or C 2) by the String m ¢,
and when by falling one Inch it raifed the Weight P,
the little Weight C could not produce the fame Effe&,
without falling from a greater height than four Inches.

It is here to be obferved, that which way foever
thefe Experiments are tried, the Objections rifing from
the Friction do no way ferve to confirm the new Opi-
nion, becaufe they fhew that (upon account of the
Friction) the Heights muft be fomething more than in
a duplicate Proportion of the Velocities, but never lefs,
to givea Blow with the fame Body in Proportion to
the Velocity.

‘That the Momentum of Bodies is in Proportion to the
Mafs multiplied into the Velocity, is alfo moft evidently
thewn from the Congrefs of claftic Bodies, as has been
demontftrated by Sir Ifaac Newton in his Principia,
in the Corollaries to his Laws of Motion. I had often
tried the Experiments there mentioned with Balls of
Ivory and Balls of Glafs, and {fome of them with two
Balls of Steel, of two Quaces cach, and found every
thing anfwer, allowing for the want of perfect Elafti-
city in the Bodies. But now upon this Occafion, as
the Objections to the receiv’d Opinion were re-
newed, I was willing to repeat the Experiments with

the utmoft Accuracy; and thercfore, as Ivory Balls
are
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are not equally denfe in all their Parts, and Glafs Bails
break after two or three ftrokes; I caufed Balls to be
nicely turned of Steel, and made as hard (as the Work-
men call ‘it) that is, as elaftick as poffible, and the
Weights of them were precifely as follows: Two
Balls of twelve Ounces Troy each, one of {ix Oun-
ces, onc of three, one of two, and one of Eight-pen.
ny-weight. Then making Pendulums of thefc Balls,
and hanging them upon the Machine contrived by
Mariorte for the Congrefs of Bodies, and lately im-
proved by Dr. Gravefande?, 1 meafured 57 : Inches
between the Center of Sufpenfion and the Center of
Gravity of the Balls, and then every Degree of the Cir-
cle they defcribed in their Ofcillation was one Inch,
and the Degrees being marked upon a line of Chords
on a Brafs Ruler above the Balls, by their Strings fuc-
ceffively covering the crofs Lines of Divifion, the
Degrees that the Balls fell from, and thofe to which
they rofe, were very difcernable to an Eye placed at o
convenient Diftance.

EXPERIMENT VIL

I took the two Balls 12, and removing each from
the loweft Point of their equal and refpeive Circles,
up to 4 Inches, or 4 Degrees, I let them fall fo that
they met at bottom, and were both reflected again to
4, the Place from whence they fell.

EXPERIMENT VIIL

Every thing clfe being as before, inftead of one of
the Balls 12, I took the Ball 6, then letting 6 go from

* Introd. No. 170, Vol. 1,
& Degrees,
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8 Degrees, and 12 from 4, after Reflettion 12 was
driven up again to 4, as before.

EXPERIMENT IX

The Ball 3 falling from fixteen Degrees met the
Ball 12 that fell ftill from 4, and after RefleGtion 12
went up again to 4.

EXPERIMENT X

The Ball 2 falling from 6° and 12 from 1% 12 Was
refle®ted to 1, and when 2 fell from 12 Degrees, and
the Ball 12 from 2, the 12 was refleCted to 2.

EXPERIMENT XL

The Ball of eight Penny Weight (which weigh'd
but 52 of the Ball 12) falling from fifteen Inches or De-
grees, rais’d up 12 (that fell from half a Degree) to the
1ame Place again.

In all thefe Experiments the Error, or want of per-
fe& Refledtion, was greater in the little Balls than in
the great ones, on account of their going thro’ a grea-
ter Arc of a Circle, whereby they deviated more
from a Cycloid than the great ones; as likewife on
Account of the Refiftance of the Air, which muft
be greater becaufe of the little Balls going through a
greater Arc, moving with more Velocity, being fuf-
pended by a String as thick as that of the great ones,
and having more Surface in Proportion to their Weight.
But all the Errors do not bring the Phenomena any
thing near what they ought to be, ifthe Force of the Bo-
dies was as the Square of their Velocities multiply’d in-
to their Maffes, for then the Ball 12 would have been
driven to Heights very different from whatit rofeup to.

XX In
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In.the eighth Experiment, the Ball' 12 fhould have
rifen to near five Inches and three quarters, for the
Ball 6 falling with the Velocity, 8 muft have had its
Force =— 8 x 8 x 6 — 384 ; and then, that the Ball 12
might have the fame Force or Quantity of Motion, it
.muft rife near to 5, 7 becaufe 5,7 x 5,7 12 = 389,88,

In the ninth, 12 fhould have rifen to 8; for the
Ball 3 muft have bad its Force —— 16 x 16x 3 — 768,
and if 12 receiv’d its whole Force it muft have rifen to
8 becaufe 8 x 8 x 12 = 768.

In the fecond Part of the tenth Experiment, 12
fhould have rifento near 5,becaufe 12 x 12 x2 == 288,
and 5 x § x 12 is but 300.

In the eleventh, the Ball 12 (thirty times heavier
than the little one) muft have gone to 2 § Inches, be.
caufe the Momentum of the little Ball being = 151 15
x I = 225, that of the Ball 12 muft be = 2,75 x 2,75
x.12 = 226 &c.

It may be here alledg’d, that one ought to fubtra&
.the Momentum, with which the great Ball comes upon
the little one ; but that won’t mend the Matter much,
tho’ indeed the Difference will be lefs. For,

In the eighth Experiment, if we fubtradt 4x 4 x 12
— 192 from 389,88 there will remain 197,38, and the
Ball 12 will go but to 4 ; but then in Experiment 9, if
we fubtract the fame N° 192 from 768, we fhall have
576, which would carry 12 to near {feven Degrees, be-
caufe 7 x7x 12 — 588.

1In the tenth Experiment, there is only 48 tobe fub-
tracted ; and in the eleventh only 15 ; and therefore
the Velocity of 12 will very much fall thort of what is
agreeable to the new Opinion.

After the Experiments made, and what has been faid,
till thefe Confequences are overthrown, no notice

ought to be taken .of any Objections, or new Experi-
ments.
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ments. But to give the Objectors all poffible Satisfa-
&ion, I fhall, in another Paper, endeavour to fhew
the Fallacies of the Arguments, and folve the Phano-
mena of the Experiments made ; fhewing, both by
Reafon and Experiment, that the Facts ought to be as
they are, in confequence of the receiv’d Opinion and
Laws of Refiftance.

FINTIS®

ERRATV M.
PA G. 230, in the Note for, de la Hire, ¢, read Milnes, ibid,
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