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IV. Experiments about the Motion of Pendulums in Va-
cuo. By the Reverend Mr W. Derkam, F, R. S.

Have long defired to know, whether there be any, or
A what Diffcrence, between the Vibrarion of Pendulums
iz Vacno, and the dir.  And therefore have divers times
recommended the Experiment to many ingenious perfons,
who had beteer opportunities of trying it than I.  And
at lalt, having fcen Mr Hawkesbee’s Experiments in his:
Pneumatick Engines fhewn before the R. Society, I ac-
complifl'd my defire, by recommending the Experiment
to him 5 who-readily undertook it.  And having pro-
vided himfelf with a proper Receiver, and all other
things neceflary, he, with a Friend of mine in Lordon,
made the Experiment. The Movements he tryed with
were an Eight day Clock vibrating {econds, and an Halfe
feconds Movemant of. mine, which Y (hall {peak more of.
prefently.  The iffue of their Experiment was, My Pen-
dnlum vibrated two tenths of an Inch on each fide farther
i Vacuo, than it did in the Free Air, and went 7 feconds
{lower 1n 20 minates, than the other Movemsnt. But in
the open Arr, my Pendulum in 20 minutes; went only 3 &
feconds {lower than the other Pendulum.:

This. Experiment (although I diftrufted neither: the
Skill, or Fidelity of the Experimenters 3 I .was defirous to
try over my flf.  And by Mr Hawkesbee's generous kind-
nefs, in lending me one of his Air-Purps ( which I (hall
always gratefully acknowledge ) I was foon furnithed
with proper Inftruments. Which I {hall give {ome ac-
count of, that others may judge how far the Experiment
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may be relied on, or that it may be better tryed, if mine
Le found defeltive.

The firlt Inftrurvent was an £ir Pump of My Hawkesbee's,
a perfon mericorioufly known ro the R, Society, whol
doubt not is the beft Maker of thofe kinds of Inftruments
in the World'5 and his Air-Pumps excced others in the
Eafe of being pumped, and in the Certainty of their Eva.
cuationy which may be knewn to a greac nicety.

The nexe Inltrument was the afore{aid Small Movemens,
with a Pendulum of about 10 inches, that vibrateth Half-
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econds, and is driven by the Power of a Spring. This
Inftrument T thought commodious, not only for being
eafily fitted with a Receiver, buc alfo for vibrating Hali-
{econds very nicely, and alfo becaufe its Vibrations are
equal, not fome large, fome fhorter.

The laft Inftrument was a very well regulated Month-
piece, that vibrateth Seconds all the Year, with as much
exattnefs as moft do.

Being thus accoutered, the Refult of many repeated
Experiments, day after day, was, That (as before) iz
Vacuo the Vibrations were always larger, “than in the Re-
ceiver unexhaufted. At the firlt, when my little Move-
ment was newly cleaned, the Vibrations were above .3
of an Inch larger than in the free Air.  But afterwards (I
fuppofe from fome of the fouled Oyl of the Pump fpirtled
on the Wheels, in letting in the Air, whereby the force
of the Spring on the Pallets was blunted, from hence I
fay ) as the Vibrations in the unexhaufted Receiver were
a little contratted, {o in the Receiver exhaufted they were
more contratted, and only about o, 25 of an inch larger
than i the Free Air. _

The Alteration in Time, which this difference of the Vi«
brations preduced, was couftantly only about 2 feconds in
an Hour {lower, in th> Recciverexhaufted, than in it unex-
haufted. For ifin 4, 3 ur more hours going, the two
Perdulums did not vary a quarter of afecond in the open
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Air, or when the Receiver was put over the little Move-
ment, {but unexhaufted 5 ) yet when the Receiver was ex-
haoftzd, the Half-feconds Movement would lofe, at the
rate of two {econds in every hour, in every Experiment, in
many hours going.

And becaufe [ was minded to fee what alterations
would arife from varying the Vibrations, therefore by
opening and fhutting the Pallets, I caufed the Vibrations
in {ome Experiments to be as large as the Receiver would
bear 5 in others, to be as (hort as poflible 5 always adjuft-
ing the Pendulum to wvibrate Half-feconds nicely in the
Air.  Buac {till the fuccefs was much the fame, or the dif-
ference {carce perceptible.  But only I imagined when the
Pendulum vibrated but a little way from the Perpendicu-
lar, that the Vibrations iz Vacuo were not fo much en-
larged, as when it vibrated in a larger Arch.

In al} thefe Experiments ( which were repeated divers
times with the fame {uecefs ) I had no reafon to move me
to think, but that the Vibrations were enlarged in Vucue
by the valt Rarefadtion of the Medium » 1 had I fay ne
reafon but this, That perhaps the different {tate of the Air
might alter the force of the Spring, which drove the
Movement. For the tryalof this, I put a well adjufted
Pocket-Wateh ( with Hook’s Regulator, 7. e. the common
{mall Spiral Spring to the Ballance ) into the Pacwwuss.
And after feveral tryals, at the {ame pitch of the Spring, I
found not the leaft alteration in the Watches going in
many hours 5 nsither the Springs, nor any other part of
the Watch fecraing to bz in the leaflt affeCted by the Va-
cnum : but the Ballance circumvolving, or keeping the
fame Tarns, as in the open Air.

But to be ®ill mere fure, if poffible 5 it came afier this
into my rhqughts, to try what the foccefs would be by
putting thegﬁalﬁfeconds Pendulum again intothe Receiver,
and oaly pumping out a nart of the Air. - And accordir iy
I left no morc Airin, than what kept the included Mercurial

Gauge



( 1788 )

Gaunge at about 6 inchey height.  The ¢vent of which was,
T hat the Vibrations were thﬂn not above , inch larger on
each fide, than in the Receiver unexhauite: it aud the {ime

loft, but abour half a fecond in an. hour,. or 2 at moft.
And {o, according as the Mercurial Gauge was rore or l¢fs

fiigh, it always found the Vibranions greater or letier > they
gradually decreafing, according o the quantity of Alr re-
admiced.

Having thus given an account of what T experimented,
with all the Varicty which 1 thought nf‘ccﬁary, ard with
all the care I could, 1 (hall for a Conclufion make fome Re-
marks, and draw fome Inferences from what batn been {aid.

1. What Mr Feyl long fince obferved (from a Cockd
Piite! going down as ﬁ\.ICC:)’ in his Vacunne, 2310 the Air)
may be Inrcby farther confirnued, wiz. That the Air is
not the Caufe o the Motion of Reftitation 1n Sohd Bodics,
as Sprin0< Forit lt was, it would certainl y-have been dit-
covered in {o tender an Iulirument as a well adjulted Pocket-
Watch, lying under the perpetual Influence of two Springs.

2. As in Vaeno {where the preflure of the Atmcfpherc is
taken off ) Heavy Bodies defcend quicker than they doin the
open Air. S0 it may be obferved, That Pendulumis move
{wifter in the Receiver exhaaulted, than in it unexhaufied.

That Heavy Bodies detcend quxcker in Vacuo, is evident
from the {wift Defcent of the l:fs heavy Bodies, as Cord, the
Down of Sowthifiles, the s ighteft Featber,&vc. which do al lprs-
cipiian d) defcend, like a S:one, 1n a tall exhaulted Receiver

And that the Pendulzem in our Experiment, moved fafter
in Vacie, is manife{t from its vibrating but two feconds in
an hour {lower, when the Vibrations were ¢ ofan inch ona
fide,enlarged bv the highelt Rarefaction of the Air. Whereas
I find | by ezpcrxmunt that near the fime encreafe ot tuC VIbl‘l-
tions, doth, in theopen Air, make the Pendulum go 6 or more
feCGndb ﬂowerm an hour. 1 f{ay near the [drlle encreafe, be-
caufe it is {carce poffible to manage the Pallets (o, as nicely
to make the fame Vibrations as were iz Vacio,
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The laft thing I fhall deduce fhall be by way of Querey viz,
Whether the Variations of Pendulums obferved under the Equi-
noftial, and between the Tropicks, do not arifz as much ot ‘more
from the rarity of the Medium, and the encreafe of the Vibrations
confequent thereupon ? It is fcarce I think to be doubred, but that
the Air is much thinner, and finer near tre Line, than it is with-
out the Tropicks. And it is evident from the Barometer, that on
the tops of high Mountains the Armofphere gravititeth lefs than
nearer the Center, And therefore (although I like he Notion of
the Decreafe of Gravity from the Encreafe of the diftunce from
the Earth's Center 5 I fay, although I'like this too well to difcard
it, yet) I am apt o thiuk that this is not the only reafoa of the
Phanomenoz,

I wifh trerefore that Cuprain Halley, when he obferved at St
Helera his Clocks to go {lower than in England, had at the fime
obferved whether the Vibrations were not enlarged. [t mighe be
theretore very well worth the while for fuch as have opportunity,
to take notice, Was.her their Peadulums becween the Tropicks
do not make larger Arches than in higher Latitudes ? Alfo inwhaz
Latirude they begin to alter > Whether the Vibration be greater
near the Line, than in any other part between the Tropicks? Or
whether the g:eareft encreafe be not always in thofe places whe-e
the Sun paffeth their Zeasrh ¢ 1f the Vibrations -be found larger
under the Line, or in any other part of ‘the Torrid Zone, then it
may be obferved, how much larger they are, and in what propor.
tion they encreafe, or decreafe;, by approachinsg neurer unto, or
receding from the place of their greateft Encreafe? -

Alfo it may be worth obferving, Whether Pendulums do not
vary on she tops of high places, - or in different ft ites of the At-
mofphere, according as' the Mercury is high or low in the Baro-
meter ? But then in this, and indeed in the former cafes, igis necef:
fary, or-atleaft very expedient, that the Movemsnt be fo exaltly
well made, that the Power, whether Weight or Spring, do atall
times exert the very fame force upon the Pads or Pallets. Which
is very rarely met with. For moft Clocks are apt to vibrate fome.
times larger, fomerimes lefler Arches in the 24 hours, aceording
as the Weight or Spring doth more or lefs exert its forces on the
work. ‘

Thus having given the Society the account which they com-
manded me ; if%have not anfwered their Expectarion, yet I have
however {hewed my Otedience to their Commands; and given a
Teftimony of my great Veneration for that Inge iious aad Leamed
Body.
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