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LXXXVIIL. A Letter of Mr. James Short,

- F.R. 8. o ths Royal Society, concerning
the Inventor of the Contrivance in the Pen-
dulum of a Clock, to prevent the Irregula~
rities of its Motion by Heat and Cold.

Gentlemen,

Read Nov. g, HE fubje& of converfation of late

175t I having often turn’d upon that in-
genious contrivance in the pendulum of a clock, to
prevent the inequalities in its motion, arifing from its
different lengths, in different feafons of the year, by
the effe@s of heat and cold ; and it having been often
atked, who was the inventor of it, I have therefore
thought proper to draw up the following hiftorical
account of it: And as this account contains nothing
but matters of fa, fupported by the beft authorities,
T hope it will be acceptable to this Society. am

Your moft obedient humble fervant,
J- Short.

“tOON after the invention of pendulum-clocks

Y (juftly afcribed to the celebrated Mr. Huygens),

it was found, that they were liable to confiderable
inequalities in their motion ; which were imagined
to arife from the pendulum, in its vibrations, de-
feribing an are of a circle; and, confequently, that
the larger vibrations muft be flower than the fhorter
0.1£§8,
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ones. Inorder toremedy this imperfection, the fame
Mr. Huygens wrote a treatife, called Horologium of~
cillatorium (a piece of geometry, which does honour
to the laft century), in which he demonftrates, from
the properties of the cycloid, that the vibrations of a
péndulum, moving in a cycloid, would be perform’d
in equal times, even tho’ the vibrations were un-
equal. Pendulums therefore were made to vibrate in
a cycloid ; but great inequalities were ftill obferv'd in
the motion of clocks. ,

We do not read of any attempts, after this, to re-
gulate the motion of clocks, till the year 1726, when
Mr. George Graham deliver’d into the Royal Society
a paper, which is publith’d in- the Phil. Tranf. N3
392, in which he fays, that it having been appre-
hended, that the inequalities in the motion of clocks.
arofe from a change of length in the pendulum, by
the influences of heat and cold, he; about the year
1715, made feveral trials, in order to difcover, whe-
ther there was any confiderable difference of expan-
fion between brafs, fteel, iron, filver, &@c. when ex-
pofed to the fame degrees of heat ; conceiving, that it
would not be very difficult, by making ufe of two
forts of metals differing confiderably in their degrecs
of expanflon and contraction, to remedy, in great
meafure, the irregularities, to which common pen-
dulums-are fubje®. He fays alfo, that, from the
experiments he then made, he found their differ-
ences fo fmall, as gave him no hopes of fucceeding
that ‘way, which made him leave off profecuting this
affair any more at that time: That, fome time after,
having obferved an extraordinary degree of expanfion,,
by heat, in quickfilver, he thought of a proper

‘ , manner
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manner of applying a column of it to- the pendulum
of a clock, in order to prevent the inequalities arifin
from its different lengths by the effects of heat an
cold; which fucceeded accordingly, and is what is
now called Mr. Graham’s quickfilver-pendulum,

Mr. Grabham, in the fame paper, takes notice,
that, tho’ the pendulum of a cﬁ)ck was to remain
invariable, yet there would ftill be fome irregularities
in the motion of the clock, arifing from the friction
of the different parts of the clockwork, and from the
different degrees of foulnefs.

In the year 1725, Mr. John Harrifon, of Barrow
in Lincolnfhire, made feveral experiments upon wires:-
of different metals, in order to find their different
degrees of expanfion and contraction: For he thought,
that, by a proper combination of wires of two dif-
ferent metals, differing confiderably in their expan-
fion and contraction, he might be enabled to keep
the centre of ofcillation of a pendulum always at the
fame diftance from the point of fufpenfion. In con-
fequence of thefe experiments, he made a pendulum,
confifting of one fteel wire, at the end of which is
the bob or weight, and, on each fide of this wire,
four wires alternately brafs and fteel, fo difpofed and
contrived, as to raife the pendulum the fame quantity
as it is lengthen’d by heat, and to let down the pen-~
dulum in the fame proportion ‘as it is raifed by cold.
He made alfo a drawing of a clock, in which the
wheels are difpofed in a different manner from thofe
then in ufe; which drawing I have feen, figned by
himfelf in the year 1724. 'Two of thefe clocks with
pendulums, as defcribed above, were finithed in the
year 1726, In thefe clocks Mr. Harrifon has made

a particular
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a particular fort-of pallets, {o as te be almoft intirely
free from frition; for tho’ he had thus happily fuc-
ceeded in his contrivance to prevent the inequalities
in the motion of the clock, arifing from the different
lengths of the pendulum by the effeéts of heat and
cold, yet he found there were confiderable errors
- ftill remaining, occafion’d by the friction of the pal-
lets, asin the common way. He has alfo fufpended
the pendulum upon the wall of the houfe, intirely
independent of the clock and clock-cafe: For he had
obferved confiderable alterations in the going of the
clock, when the pendulum is fufpended as in the
common manner. His pendulum vibrates in an arc
of about 15 degrees, with a bob of about three
pounds, between cycloidal checks, which he him-
felf found were neceffary, tho’ he had never heard
of M. Huygens's book, till after he had made them.
He has al{o difpofed the force of his pendulum-wheel
upon the pendulum, by his fort of pallets,. in fuch
a manner, that the vibrations of the pendulum will
not be affected by the different refiftance of the air.
Upon the whole, this clock is made in fuch a man-
ner, as to be almoft intirely free from friction ; in
confequence of which he ufes no oil, and therefore
there 1§ no neceflity ever to.clean the clock. When
he fettled in London, he fent for one of thefe clocks
from the country, and fet it up in his houfe in Orange-
ftrect, in the year 1739, where it has ftood ever fince,
and in al} that time has never varied.above one minute
from the truth, He can depend upon it to a fecond

in a month. o
‘About, the year 17239, Mr. Harrifon made his firft
machine for meafuring time at fea, inwhich he has
likewife
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likewife applied this combination of wires of brafs
and fteel, to prevent any alterations by heat and cold.
In the year 1726, he went on board one of His
Majefty’s fhips of war with this machine to Lisbon,
and returned, where this machine was feen by every
curious and ingenious perfon, who were pleafed to
go to his houfe. Since that time, he has made two
more of thefe machines or clocks for keeping time at
fea, in both which he has likewife this provifion, to
prevent the effeéts of heat and cold. - ,

An account of thefe curious machines, and of the
many ingenious contrivances which Mr. Harrifon has
made ufe of in them, for anfwering their intended
pwrpofe, and alfo an account of the fugcefs of his
voyage to Lisbon, and back again, is contained in an
excellent fpeech of our worthy Prefident Martin
Folkes, Efq; upon his delivering to Mr, Harrifon the
gold medal of Sir Godfrey Copley; which fpeech is
inferted in the minutes of the Society:in the year
1749.

ZN%r. John Shelton, who was the principal perfon
employed by Mr. Graham in the making of aftrono~
mical clocks, informs me, that Mr. Graham, in the
year 1737, made a pendulum confifting of three bars,
iz, one of fteel, between two of brafs, and that the
fteel bar acted upon a lever, {o as to raife the pendu-
lum, when lengthened by heat, and to let it down,
when fhortened by cold. ‘This lever, ‘which is very
ftrong, refts upon a roller ; which roller is made
moveable, fo as to adjuft the arms of the lever to
their true proportion. - The whole was made to be
as free from flr)i&ion, as poffible, in fuch a conftruc-
tion, Mr. Graham made obfervations, by tranfits of

Uuu : the
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the fixed ftars, of the motion of the clock with this
fort of pendulum, and from the experience of feveral
years (during which the clock was kept conftantly
going) he found, that the clock was liable to fudden
ftarts and jerks in its motion. Of this he informed
Dr. Bradley, Mr. Blifs, myfelf, and feveral other
gentlemen. 'This clock ftill remains in Mr.Graham’s
houfe, in the poffeflion of his executors.

I have been informed, that one Mr. Frotheringham,
a quaker, of Lincolnfhire, caufed a pendulum to be
inade, confifting of two bars, one of brafs, and the
other of fteel, faften’d together by fcrews, with le-
vers to raife or let down the bob ; and that thefe
levers were placed above the bob. This clock I have
{een, and was told by the maker, Mr. John Ber-
ridge, that the pendulum of it was made in the year
1738, or 1739, and that the dial-plate of it was
engraved at Mr. Siffon’s houfe in the year 1738: and
this clock is in the poffeflion of Mrs. Gibfon, in
Newgate-ftreet, who has had it ever fince the year
1739.
7%n the Hift. of the Royal Acad. of Sciences at Paris,
for the year 1741, there is'a memoire of M. Caffini,
in which he defcribes feveral forts of pendulums for
clocks, compounded of bars of brafs and fteel, and
applies a lever to raife or let down the bob of the
pendulum, by the expanfion or contradtion of the
bar of brafs. He has alfo given us, in the fame
memoire, a problem for finding the proportion,
which the two arms of the lever thould have, to an-
fwer the intended purpofe; and alfo a demonftra-
tion of it, '

6 In
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In June, 1752, Mr. John Ellicott gave in to the
Royal Society a paper, containing the defcription of
a pendulum, confifting of two bars, one of brafs, and
the other of iron, faftened together by fcrews, with
two levers in the bob of the pendulum, fo contrived,
as to raife and let down the bob, by the expanfion
and contraction of the brafs bar; and alfo to adjuft
the arms of the levers to their true proportion *, He
fays, that he firft thought of thefe methods of apply-
ing bars of brafs and iron to prevent the irregularities of
a clock, arifing from the different lengths of the pen-
dulum, by the effeéts of heat and cold, in the year
1732 ; and that he put this his thought in execution
in the year 1738. '

In the year 1743, Ibought a clock of Mr. Graham,
which he had kept going for two years before. This
clock has a pendulum, compounded of wires of brafs
and fteel, in the manner of Mr. Harrifon’s combina-
tion. It hasalfo a provifion in the bob, to adjuft the
wires, in cafe they happen to be too long. When I
firft took notice of this contrivance or provifion in the
bob, I afked Mr. Graham the reafon of it ; who told
me, that, having obferved fome inequalities in the
motion of the clock, he imagined, that they arofe
from the wires being fomewhat too long; and there-

Uuu 2 fore

* He has alfo given us in the fame paper another conftru&ion
of a pendulum to prevent the effe&ts of heat and cold, confifting of
two bars, one of brafs, and the other of iron ; the brafs bar alting
upon a lever, at the end of which is faftened the pendulum, the
whole fo conftruted and contrived, as to raife the pendulum, when
it ;3 lengthened by heat, and to let it down, when thortened by
co .
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fore added this contrivance, to adjuft the length’of
the wires ; but that, when he had done this, he
found inequalities ftill remaining; and therefore juftly
concluded, that they arofe from the difference in the
friGion of the different parts of the clockwork, oc-
cafioned by the differences in the fluidity of the
oil, &e.

From what has been faid above, it appears, that
the improvement of clocks, by a contrivance to pre-
vent their inequalities arifing from the different
Iengths of ‘the pendulum, in different feafons of the
year, by the effects of heat and cold, was firft thought
of, and executed, by Mr. George Graham ; and that
the application of wires or bars of two metals, which
have different degrees of expanfion or contraction, to

revent the fame inequalities, was alfo firft thought
of by Mr. Graham, and firft executed by Mr. John
Harrifon, without ‘the leaft knowlege of what Mr.
Graham had done before him. '

LXXXIX. A Letter from Mr. Henry Eeles,
20 the Royal Society, concerning the Caufe

of Thunder.
Gentlemen, Lifmore, If;slznd, June 18,

Read Nov. 7, HE greateft men of moft ages hav-

1752 ing thought it worth the while to
inquire, what was the caufe of thunder; and the
world feeming to acquiefce in an hypothefis fub-
ferib’d by fome great modern names, it muft appear
prefumptuous in me, to offer you fome thoughts for
a theory intirely new (at leaft it is fo to me) unlefs

I can fhew, that the former hypothefes are ill-
grounded,



