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1V 4 Propofition on the Balance, not taken Notice
of by Mechanical Writers, explaind and con-

firmid by an Experiment before the Royal So-
ciety, byJ. T. DEsAGULIERS, L.L.D.

F. R S.

TYHO the following Theorem is agreeable to,

and deducible from, Mechanical Principles,
yet as it bhas not been taken Notice of by Mechani-
cal Writers, though often talk’d of among Hands-
craft Workmeny I thought it might not be improper
to take Notice of 1t bheres and to make an Experi-
went agreeable to the Demonfiration.

TuHEOREM, Figure 1.

A B is a Balance, on which is fuppos’d to hang at
one End B the Scale E with a Man in it, who is coun-
terpoifed by the Weight W hanging at A, the other
End of the Balance. I fay, that if fuch a Man, with
a Cane or any rigid ftreight Body, pufhes upwardsa-
gainft the Beam any where between the Points C and
B (provided he does not puth diretly againft B) he
will thereby make himfelf heavier, or over-poife the
Weight W, though the Stop G G hindersthe Scale E
from being thruft outwards fromwards C towards G G.
I fay likewife, That if the Scale and Man thould hang
from D, the Man by pufhing upwards againft B, or
any where between B and D (provided he does not

puth dire&ly againft D) will make himfelf lighter, or
be
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be over-poifed by the Weight W, which did before only
counterpoife the Weightof his Body and the Scale,

If the common Center of Gravity of the Scale E,
and the Man fuppofed to ftand in it be at £, and the
Man by thrufting againft any Part of the Beam, caufe
the Scale to move outwards {o as to carry the faid com-
mon Center of Gravity to & x, then inftead of BE,
L 7 will become the Line of Dire®ion of the com-
pound Weight, whofe Action will be encreafed in the
Ratio of L Cto BC. This is what has been explain’d
by feveral Writers of Mechanicks ; but no one, that
I know of, has confider’d the Cafe when the Scale is
kept from flying out, as here by the Poft GG, which
keeps it in its Place, as if the Strings of the Scale
were become inflexible. Now to explain this Cafe,
let us {uppofe the Length BD of half of the Brachi-
um B C to be equal to 3 Feet, the Line B Eto 4 Feet,
the Line ED of 5§ Feet to be the Direion in which
the Man pufhes, DF and F E to be refpectively equal
and parallel to BE and BD, and the whole or abfo-
lute Force with which the Man puthes, equal to (or
able to raife) 1o Stone. Let the oblique Force E D
(= 10 Stone) be refolvd into the two EF and E B,
(or its Equal F D) whofe Directions are at right Angles
to each other, and whofe refpective Quantities (or In-
tenfities) are as 6 and 8, becaufe EF and BE are in
that Proportion to each other, andto ED. Now fince
EF is parallel to BDC A, the Beam, it does no way
affe¢t the Beam to move it upwards; and therefore
there is only the Force reprefented by F D, or 8 Stone
to pufh the Beam upwards at D.  For the fame Reafon,
and becaufe Aion and Reaction are equal, the Scale
will be pufb’d down at E WIi‘th the Force of 8 Sto{r}e
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alfo. Now fince the Force at E pulls the Beam per-
pendicularly downwards from the Point B, diftant
from C the whole Length of the Brachium BD, its
Adion downwards wiil not be diminifhed, but may be
expre(s’d by 8 XBC: Whereas the A&ion upwards
againft D will be half loft, byreafon of the diminifh’d
Diftance from. the Center, and is only to be expre(s’d

BC .
by 8 x 5 and when the A&ion upwards to raife

the Beam is fubftra&ted from the A&ion downwards to
deprefs it, there will ftill remain 4 Stoneto pufh down.
the Scale ; becaufe 8§ x B C— 38 xt—j—;—’= 4BC. Con-
fequently a Weight of 4 Stone muft be added at the
End A toreftore the Equilibrium.  Zherefore a Man,
&ec. pubing wpwards under the Beam between B
and D, becomes beavier. Q. E.D. Cn the con-
trary, if the Scale fhould hang at F from the Point
D, only 3 Feet from the Center of Motion C, and a
Poft g g hinders the Scale from being pufh’d inwards
towards C, then if a Man in this Scale F pufhes ob-
liquely againft B with the oblique Force above-men-
tion’d; the whole Force, for the Reafons before given
(in refolving the oblique Force into two others adting
in Lines perpendicular to éach other) will be reduc’d
to 8 Stone, which puthes the Beam direétly upwards
at B, while the fame Force of 8 Stone draws it di-
re¢tly down at D towards F. But as C D is only equal
to half of CB, the Force at D compar’d with that at
B, lofes half its Action, and therefore can only take
off the Force of 4 Stone from the Puth upwards at B 5
and confequently the Weight W at A will preponde.
2
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rate, unlefs an additional Weight of 4 Stone be hang.
ed at B. Therefore a Man, Kc. pulbing upwards
under the Beam between B and D becomes lighter.
Which was alfo to be demontftrated.

ScHoLiuM L

Hence knowing the abfolute Force of the Man that
pufhes upwards, (that is, the whole oblique Force)
the Place of the Point of Trufion D, and the Angle
made by the Direction of the Force with a Perpendi-
cular to the Beam at the fame Point, we may have a
general Rule to know what Force is added to the
End of the Beam B in any Inclination of the Dire@ion
of the Force or Place of the Point D,

RULE for the firf Cafe.

Firft find the perpendicular Force by the following
Analogy, whofe Demonftration is known to all that
underftand the Application of oblique Forces.

As the Radius:

To the right Sine of the Angle of Inclination ::
So is the oblique Force:

To the perpendicular Force.

Then the perpendicular Force multiplied into the
Length of the Brachium B C, minus the faid Force
multiplied into the Diftance D C, will give the Value
of the additional Force atB, or of the Weight requir'd
to reftore the Aquilbirium at A.

Or to exprefs it in the Algebraical Way. Let o f
exprefs the oblique Force, p 'If the Perpendicular Force,
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and x the Force requir’d, or Value of the additional
Weight at A to reftore the AEquilibrium.

DE:DF ::0 f:p F

Ff*xBC% FxDC=x
The fame Rule will ferve for the fecond Cale, if the
Quantity found be made negative, and the additional
Weight fufpended at B. Or having found the Value
of the Perpendicular Force, the Aquation will ftand thus

...‘?f % B C\-}-J/pfx D C= — x, and confe.
quently the additional Weight muft be hanged at B,
becaufe ==& at A is the fame as -}- & at B,

ScHorium IL

Hence it follows alfo, that if, in the firlt Cafe, the
Point of Trufion be taken at C, the Force at B, (or
Force whofe Value is requir’d) will be the whole Per-
pendicular Force ; becaufe C D is equal to nothing:
And if the Point D be taken beyond C towards A ;
the Perpendicular Force pufhing upwards at that
Point, multiplied into D C, muft %e added to the fame
Force multiplied into B C, that is m.{.
2fxDC\= «.

The Machine I made ufe of to prove this experie
mentally, was as follows. Fig. 2. The Brals Ba-
lance A B is 12 Inches long, moveable upon the Center
C, with a Perpendicular Piece B & hanging at the
End B, and moveable abouta Pin atB, and ftoppd at
its lower End & (by the upright Plate G G) from be-
ing thruft out of the Perpendiculas by the puthing Pipe
F E, whofe lower Point being put into a little Hole at
H, the upper Wire or Point (when put into another
litde Hole under the Beam at D) is by Means‘;f the
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Worm-{pring E F prefling againft the Plug Eto drive
forwards the {aid Wire 4 D, made to puth the faid
Beam upwards with the Force of the Spring, TSS
is a Stand, to which is fix’d the Pillar T C that
{uftains the Balance; and it has alfo a Slit SS to receive
a Shank of the moveable Plate GG, to be fix’d in any
Part of the Slit by a Screw underneath,

EPERIMENT.

Hang on B 2, as in the Figure. Then let EF be fo
applied to the Hole H, that its upper Wire 5 D £ may
go through a little Loop at D fo as not to thruft the
Beam upwards, but be in the fame Pofition as if it did,
that by hanging on the Weight W, the Brachium
B C with B4 and F E may be counterpois’d; and then
the A&ion againft D and H may be eftimated without
the Weight of the pufhing Pipe.

Then drawing down the End of the Wire &, thruft
it into the little Hole under D, and B will be fopull’d
downwards as to require the additional Weight of
4 Ounces to be hung on at A to reftore the Aquili-
brium, when BH is 4 Inches, B D 3 Inches, and the
whole Force of the Spring equal to xo Ounces.

I need not here fay, that for explaining the fecond
Cafe, B is to be {ufpended at D, with the Plate
GG fix’d to flop it at the Place M to kéep it from
being pufh’d towards T, and that the upper End of
GF ED % muft puth into an Hole made under B, in
which Cafe the Weight P muft be hang’d at B tore.
ftore the Equilibrium.
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P, 8. To fhew experimentally that the Force which
the Spring exerts in this oblique Trufion is equal to
10 Ounces: Take the Beam A B, which weighs
4 Ounces, from its Pedeftal CT, and having fu-
fpended at each End, A and B3 Ounces, {upport it
under its Center of Gravity. by the pufhing Pipe
E F fet upright under it, and you will find that the
Beam with the two Weights will thruft in the
Wire £ 4 as far as 4, the Place which the oblique
Trufion drives it to.
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