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PAPERS rrom THE PHILOSOPHICAL TRANSACTIQNS.

1. Thermometrical Obfervations at Derby, by Mr. Fohn
Whiteburf?, communicated by Charles Morton, M. D,

Sec. R. §.
[From vol. 57, page 265. Received April g, 1767, and read May 14, 1767.]

DEear Sig,
W E experienced a much greater degree of cold at
Derby, in the late freft, than perhaps was ever
obferved in England; and the quick tranfitions were
no lefs remarkable.

On Sunday the 18th of laft month, at nine of the
clock in the evening, my thermometer ftood at 2zo.
At half an hour after nine, nearly one degree below o.
At feven the next morning, 30, external air,

1 am, Sir,
Derby, Your moft obedieat Servant,

Feb. 15, 1767,

Jm.; N WHITEHURST.

I II. ..’f:"
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1. Account of a Machine for raifing Water, exccuted
at Quiton, in Chefbire, in x772. In a Letter from
Mr. fobn Whitehurft to Dr. Frankiin.

[From vol. 65, page 277 ; read March 16, 1775.]
Dear Sir,
T RESUMING the mode of raifing water by its
momentum may be new and ufeful to many indi-
viduals, induces me to fend you the inclofed plan and
defcription of a work, executed in the year 1772, at
Oulton, in Chefhire, the feat of Philip Egerton, efq.
for the fervice of a brewhoufe and other offices, and
is found to anfwer effeGtually. '
I am, Sir,
Your moft obedient Servant,
Joun WHITEHURS®

Pleafe




[ % |

Pleafe to obferve, that the circumitances attending
this waterwork, require a particular attention, and are
as follows; A reprefents the {pring or original refervoir,
whofe upper furface coincided with the horizontal line
B C, and the bottom of the refervoir K. D the main
pipe, one inch and a half diameter, and nearly 200
yards in length. E a branch pipe, of the former di-
menfions, for the fervice of the kitchen offices. Now
it is to be obferved that the kitchen offices are fituated
at leaft 18 or 20 feet below the {urface of the refervoir
A, and that the cock F is about 16 feet below it. G
reprefents a valve-box, ¢ the valve, H an air-veflel,
0 o the ends of the main pipe inferted into H, and bend-
ing downward, to prevent the air from being driven out
when the water is forced into it, W the furface of the
water. Now it is well known, that water difcharged
from an aperture, under a preffure of 16 feet perpen-
dicular height, moves at the rate of 32 feet in a fecond
of time ; therefore fuch will be the velocity of the water
from the cock F. And although the aperture of the
cock F is not equal to the diameter of the pipe D, yet
the velocity of the water contained in it will be very
confiderable: confequently, when a column of water,
200 yards in length, is thus put into motion, and fud-
denly ftopped by the cock F, its momentous force

I a will
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will open the valve g, and condenfe the air in H, as
often as water is drawn from F. In what degree the
air is thus condenfed, is needlefs to fay in the inftance
before us; thercfore I fhall only obferve, that it was
fufhciently condenfed to force out the water into the
refervoir K, and even to burft the veffel H, in a few
months after it was firft conftru@ed, though apparently
very firm, being made of fheet lead, about nine or ten
pounds weight to a {quare foot. From whence it feems
reafonable to infer, that the momentous force is much
fuperior to the fimple preflure of the column 1K ; and
thercfore equal to a greater refiftance (if required) than
a preffure of four or five feet; perpendicular height.
It {feems neceflary further to obferve, that the confump-
tion of water in the kitchen offices is very confiderable ;
that is, that water is frequently drawing from morning
till night all the days of the year.

III, Expe-
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1. Experiments on Ignited Subflances. By Mr. Fobn
Whitehurfl, in a Letter to fames Stuarty, Efguire,
F. RS,

[From vol. 66, page 575 ; read May 23, 1776.]

SIR,
London, Nov. 29, 1775.

HE experiments of Mr. Buffon upon ignited

bodies feem to prove, that, when heated to the
degree he mentions, they are more ponderous than
when cold. The experiments which I have made on
heated metals, fuggeft a different idea, and contradiék
the fa&t he relates; fo that I am induced to belicve,
that fome circumftance, not attended to, has intro-
duced a miftake in the relation this learned philofopher
has publithed as the refult of his inquiry.

His experiment ftands thus recorded (Suppl. Nat.
Hift. vol. 2, page 11): a mals of iron, after receiving
a white heat, weighed 49 pounds g ounces; when re-
ftored again to the temperature of the atmofphere 49
pounds 7 ounces. Hence he concluded, that the igne-
ous particles, contained in the heated iron, increafed its
abfolute weight 2 ounces.

My
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My experiments are as follows: 1ft, one pennyweight
of gold, made red-hot, became apparently lighter ;
but, when reftored again to the temperature of the at-
mofphere, its former weight was perfeétly reftored.

2d, One pennyweight of iron, heated as above, was
alfo apparently lighter; but, when it became cool
again, its weight was vifibly augmented.

It is now feveral years fince I made thefe experi-
ments; but I well remember to have repeated them
{everal times, and that the refults were always the fame,
It may be neceflary to remark, that the beam ufed m
thefe experiments, was fenfibly affected by the 2000th
part of a grain ; and likewife, that each of the metals
was heated upon charcoal, by means of a candle and
a blow-pipe, and both were brought ncarly to a ftate
of fufion.

It feems needlefs to obferve, that the apparent levity
of the gold and of the iron, when hot, was owing to
the afcent of the rarefied air above the {cale, and to the
tendency of that underneath to reftore the equilibrium
of its preflure. The increafe of weight in the iron
might probably arife from its having, in fome degree,
acquired the property of fteel, by means of the flame

and charcoal.
Iam
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1 am at a lofs to account for the fallacy which feems
to have attended M. Buffon’s experiment ; but it feems
probable, that the heat of the mafs of iron employed
by him, had a greater cffe& on that arm of the beam
from which it bung than on the other, which being
lefs heated, would confequently be lefs expanded ; and
this difference of expanfion might produce the error
in M. Buffon’s account of the weight of heated iron.

If thefe obfervations afford you any fatisfadion, it
will give me pleafure,

I am, &ec.

THE END,
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M ANY diligent and elaborate refearches have been
made by the learned to afcertain the origin, and pro-
portions, of weights and meafures eftablithed in va-
rious parts of the world. From thefe inquiries it
appears, that {feveral nations attempted to derive them
from the weight and magnitude of natural bodies, or
fundry parts of them, viz. the human ftature, cubit,
fpan, leg, &c.; likewile from an hen’s egg, grains
of wheat, barley, and other fimilar produétions.
And thefe attempts were probably owing to an idea
of the utility that might arife from the eftablithment
of fimilar invariable meafures of length, capacity,
and weight, upon a natural foundation.

But the weight or magnitude of natural bodies
of the fame denomination, being fubjeét to confider-
B able
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able inequalities, thefe feem to have fruftrated the moft
fagacious attempts to obtain invariable meafures, and
to have reduced the feveral ftates and empires to the
neceflity of adopting arbitrary meafures, according to
the diftates of their own imaginations, without any
foundation in the nature of things. It is therefore
obvious that weights and meafures, being thus derived
and eftablithed, can have no more relation or agree-
ment with each other, than the languages of the feve-
ral nations by whom they were adopted; and their
being divided into a diverfity of fmaller parts, renders
them ftill more incoherent and embarrafling to thole
nations who have any intercourfe in matters relative
to fcience, or commerce. See the tables annexed.

For although their relative proportions may be
truly known, whereby the quantity of fpace, magni-
tude, or weight, afcertained by the mealures of one
nation, may be found correfpondent to a certain num-
ber of meafures of another, yet it muft be owned that
fuch operations not only demand an expence of time,
but are alfo liable to error. It is therefore evident,
that the diverfity of weights and meafures eftablithed
by ditferent nations, is no fmall impediment to the
progrels of [cience and commerce.

i , Weights
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Weights and meafuves having been thus eftablifhed
from time i1mmemorial, have excited the atten-
tion of fpeculative minds to obviate the difficulties
and embarraflments thence arifing : for it appears to
have been a principal defideratum in - philofophical
refearches, to eftablith weights and meafures upon a
permanent, unalterable foundation, whence invariable
ftandards might be obtained, to which all nations
might refer, or with which they might compare their
refpeétive mealures, and reduce them to one invaria-
ble, univerfal denomination, fer the mutual conveni-
ence and benefit of all mankind: by deriving them
from fuch principles as might enable all future genera-
tions to obtain fimilar meafures of length, capacity,
and weight, and thereby render it altogether needlefs
to cut them on ftone, or to engrave them in brafs, to
perpetuate their exiftence.

Such however, were apparently the motives which
induced thofe profound geometricians, Sir Chriftopher
Wren, and Mr. Huygens, to confider the fubjeét of
invariable meafures, and to fuggeft the idea of efta-
blifhing them upon the unerring laws of nature:
namely, the periodical revolutions of the .’le;wf:nI},r
bodies, and the doétrine of pendulums, Confidering

H 2 time
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time as a natural meafure, depending upon the equa-
bility of the earth’s diurnal rotation, or the return of
the fame ftar to the fame meridian, in equal periods

of time, at all times of the year, and in every year
to come,

They likewife confidered that the lengths of pen-
dulums are inverfely as the fquares of their refpeétive
vibrations in a given time; or that their vibrations
in a given time are inverfely as the {quare roots of
their refpeétive lengths,

Upon thefe conftant, invariable laws of motion,
thofe celebrated philofophers propofed to have efta-
blithed meafures of length, viz. that the length of a
pendulum, vibrating feconds of time, fthould be taken
for a ftandard yard, meafured from its point of fuf-
penfion to its center of ofcillation.

Such were the principles fuggefted by Sir Chrifto-
pher Wren and Mr. Huygens, as the bafis of inva-
riable meafures, obtainable in all future ages, wnder
Sfimilar circumflances of latitude, elevation, tempera-
ture, &c.

But.
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But notwithftanding that the principles above rela-
ted are univerfally granted, yet, it muft be owned
that their application would have been attended with
infurmountable difficulties in the executive part; and
with great inconveniency to the public; and thele
obje¢tions feem to have put a final period to the
application of that excellent theoretical plan, for one
century at leaft. ‘The impediments thence arifing
are as follow:

Firft, according to the plan laid down by me-
chanical writers for the purpofe of afcertaining the
center of ofcillation, or the true length of pendu-
lums, feveral menfurations are requifite to be obtained
with the greateft degree of precifion; and thefe are
of fo difhicult a nature, that few, converlant in this
bufinefs, would prefume to give fimilar refults from
any two operations; but would rather previouily con-
clude, that every attempt muft be attended with an
accumulation of error. The operations are to the:
following purport :.

Let a/ball that is perfely [pberical, equally denfe,
and of fome of the beavief metals, be [ulpended by a
fring, the fmallef}, lighteft, moft flexible, and the

f&"i{ﬂ'
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leaf} lizble to flretch; let the pendulum, thus con-
- : ..l els :..". +' .\'l 1.1 K
| 8 L 9 § , L ! . [ II: ’
firudted, be adjufted to vibrate feconds of time, or to
perform 86400 vibrations in the fpace of twenty-
four hours mean time, or in one fidereal day.

The pendulum being thus adjufled, meafure the
diftance between the point of {ufpenfion and the cen-
ter of the ball, and likewife the radius of the ball.
Thele proportions are given, to find a third propor-
tional : thus — as the length, or diftance between the
point of fufpenfion and the center of the ball, is to
the radius, fo is the radius to the third proportional.
The third proportional being thus found, and divided
into five equal parts, two of them are required to be
transferred from the center of the ball downwards,
or, added to the length obtained by menfuration,
give the diftance between the point of fufpenfion,
and the center of ofcillation, or the true length of the
pendulum.

Such are the mechanical operations requifite to af-
certain the length of pendulums, whatever may be
the number of wibrations in a given time ; therefore
the difhiculties attending the application of the above

plan,




plan, are obvious to artifts practically converfant in
dividing.

Secondly, the inconveniency arifing from the ap-
plication of the above plan, is equally obvious when
it is confidered, that the reputed length of the pendu-
lum which vibrates feconds in the latitude of London,
i5 39,2 inches, and the ftandard yard is only 36 inches:
for if the former was eftablifhed as a ftandard yard, it
would certainly occafion a great alteration in the cuf-
tomary meafures of England, and confequently create
great confufion and inconveniency to the public.

This conjeéture is abundantly verified by the quan-
tity of time elapled fince the promulgation thereof;
for it does not appear that the fubjeét of invariable
meafures was refumed again before the year 1771,
when that learned philofopher, Mr. Andrew Bochem,
fuggefted the idea of obtaining invariable meafures
from the laws of motion, but in a very difterent man-
ner; namely, by the admeafurement of the fpace heavy
bodies delcend through in one fecond of time. See
Act. Philol. Medic. Sec. Academ. Scient. Principal :
Hefliz. page 5, 1771 : but this excellent theory, like
the former, would have been attended with too much

difliculty
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difficulty in the executive part, to admit of a tolerable
degree of precifion, when it is confidered that the velo-
city heavy bodies have acquired at the expiration of one
{fecond of time, is nearly 3,86 inches in «ts part of a fe-
cond ; therefore the quantity of {pace bodies move
through in one fecond, is hot eafily alcertained by
practice.

In the year 1774, the fociety inftituted for the en-
couragement of arts, manufactures, and commerce,
took the fubject of invariable meafures into ferious
confideration, at the inftance of Mr. Steel, a worthy
member thercof, and advertifed the reward of a gold
medal, or the fum of one hundred guineas to any
perfon refiding in any country whatever, who fhould
difcover and communicate to the fociety, on or before
the third Tuefday in Maich, 1775, a mode whereby
to obtain invariable ftandards for weights and mea-
fures, communicable at all times, and to all nations ;
but the liberal encouragement thus held out to the
public, was not productive of a fingle attempt; there-
fore the fame advertilement was repeated the follow-
ing years, viz. 1776, 1777, and 1778. In confe-
quence thereof, on the third Tuefday in March 1779,
five plans were prefented to the fociety ; amongft

which,
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which number, that invented by Mr. John Hatton,
Watchmaker, in London, was the moft approved,

though not perfected to the degree of accuracy re-
quired in the conftruction of invariable meafures.

The fuperiority of Mr. Hatton’s plan confifted in:
the application of a moveable point of fufpenfion to
one and the fame pendulum, in order to produce the
full and abfolute effeét of two pendulums, the diffe-
rence of whofe lengths was the intended meafure.
But notwithftanding the fuperior excellency of Mr.
Hatton’s idea, it muft be owned that the ingenious
author was not equally happy in the mode of reducing
it to practice. However, as the idea was new, and
apparently capable of being carried to a much greater
degree of perfection, the Society, in confideration of
its merit, and as fome encouragement to re-confider
the fubjeét, prefented him with the fum of thirty
guineas; and they alfo renewed their former adver-
tifement as a farther inducement to improve his plan,
in hopes of obtaining the end propofed the following
year, but were difappointed in their expe®ations;
for {everal years elapfed, and no fteps were apparently
taken by Mr. Hatton towards a more effectual appli-
cation of the principles he fuggefted ; it was thercfore

C generally;



Fox.]

generally fuppofed the inventor of this machine had
totally declined any farther confideration of the fub- -
je¢t. Thefe confiderations, together with the favour-
able opinion I entertained of his fcheme, induced me
to attempt fome improvement in the conftiuétion
of Mr. Hatton's apparatus, in order to preferve
his idea from being too haftily abandoned.

Having had the honour of attending at the exhi-
bition of the {everal plans, at the requeft of the Society,
and of examining amongft others the defign and con-
flrution of Mr. Hatton’s apparatus, I became per-
fuaded in my own mind, that it was capable of being
improved fo far as to anfwet its purpofe with a greater
degree of accuracy than may be generally imagined ;
I was therefore induced to refume the fubject of in-
variable meafures, and to attempt the conftruétion of
an apparatus with which experiments have been
making for feveral years paft, which leave little room
to doubt, but that meafures of length may be obtained
with precifion; notwithftanding the prejudice which
prevails in the minds of many eminent philofophers
againft the accuracy of pendulous experiments, and
particularly againft the application of maintaining
powers, which arife from a conception that fuch ap-

ap-
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plications muft neceflarily accelerate, or retard, the
vibrations, and render the refult fallacious. And it
muift be owned, that according to the general con-
firuétion of clocks a century ago, they were liable to
produce fuch effeéts. But it is well known by thofe
who. are converfant with the modern improvements
of clockwork, that the maintaining power may be
fo applied as not to interfere in any fenfible degree
with the vibrations; and fuch provifion is made in
the conftruction of the apparatus as will effeGtually
prove the truth, or fallacy, of fuch conjeétures.

For though fundry impediments unavoidably ac-
company the conftruction of time-keepers, and inter-
fere in fome degree with the menfuration of time, fo
as to exclude the refult of fuch experiments from any
pretenfions to mathematical exaétnels; yet it evident-
ly appears, from a feries of feveral years experi-
ments, that meafures may be obtained from the menfu-
ration of time, fufliciently accurate for the various
purpofes of human life. To what degree of accu-
racy fuch machines are capable of being brought, will
beft appear from the experiments themfelves.

C.2 During
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TOWARDS QBTAINING

INVARIABLE MEASURES

oF

LENGTH, CAPACITY, anpo WEIGHT,
rpoM THE
MENSURATION or TIME,

Independent of the mechanical Operations requifite to afcertain the
Center of Ofcillation, or the true Length of

k] Tt A R R R PRGN R SR S
Al R s -t

Sk T 10 N,

Of the general Defign of the Apparatus.

PREVIOUS to a defcription of the apparatas
adapted to the purpofe of obtaining invariable mea-
fures, it may not be improper to premife the principal
objeéts of its conftruétion:

Firft,
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Firft, it is propofed to obtain a meafure of the
greateft length conveniency will permit, from the
menfuration of time, with eafe and certainty; pre-
fuming that a meafure of confiderable length may be
{ubdivided with a much greater degree of accuracy,
than a fhort one can be multiplied into a longer.

Secondly, it is propofed to obtain the meafure from
two pendulums, whofe vibrations are to each other as
two to one, and whofe lengths coincide with the
Englith ftandard inawbole nunibers, either feet or inches ;
in order to fimplify the operations depending upon
them, and alfo with a view of eftablithing the Britifh
- meaflures upon a natural permanent foundation, which
may enable all future generations to obtain fimilar
meafures with eafe and certainty.

Such are the objeéts to be obtained by the con-
ftruction of the apparatus.

According to the dodtrine of pendulums, the
number of vibrations performed in a given time,
are inverfely as the fquare roots of their refpedive
lengths ; and yet we find but few inftances wherein the
lengths of pendulums coinciding with Englith mea-

fure,
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{fure, whofe vibrations in a given time, confift of whole,
and divifible numbers ; and yet {uch lengths and vibra-
tions only, will anfwer the purpole required.

Then fince the aflumed iength of the feconds pen-
dulum in the latitude of London, is 39,2 inches;
and according to the refult of the following theorem,
pendulums which vibrate 42 and 84 times in a mi-
nute coincide with Englith meafure, viz:

jBsns
S8 g }Inchcs.

4373 Go*:
By be?s i 39,950

Such are the lengths and vibrations of the two pen-
dulums applied in the conftruétion of the apparatus,
and the difference of their lengths is the meafure pro-
poled to be obtained, viz. 8o—20==60 inches; and
this, independent of the mechanical operations re-
quifite to afcertain the center of olcillation, or the
true length of pendulums,

The refult of this reafoning would have been
ftrictly true, provided the ball were infinitely {mall,
and the affumed length of the fecond’s pendulum were
alfo true, viz =39,2 inches, But fince the accu-

D racy
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racy of thefe experiments depends very much on the
momentum of the ball overcoming, in fome degree,
the refiftance of the medium, and alfo the inequalities
of the impetus on the pendulum, it becomes requifite
to apply fuch a quantity of matter in the magnitude
thereof, as will effectually anfwer thofe neceflary
purpofes. Confidering likewife, that great advan-
tages may hereafter arife from the magnitude of the
pendulum ball correfponding with an aliquot part of
the length of each pendulum; and that a metallick
globe, two inches diameter, not only coincides with
an aliquot part of the length, but may alfo be confi-
dered as containing a fuflicient quantity of matter
to produce the momentum required for the accuracy
of the experiments. Hence a globe according to the
above magnitude is particularly chofen for the pendu-
lum ball; for its radius being one inch, or rather
of the longer pendulum, and .. of the fhorter, this
renders it more capable of being obtained with facility
in any future age by approximation, from the men-
{uration of time alone, than if it confifted of frac-
tional parts of the length thereof.

Such were the motives which induced me to ap-

ply a pendulum ball, radius = 1 inch,
Now




.

Now the radius of the ball being 1 iach, and the
diftance between the centers of olcillation of the
two pendulums and the center of the ball, being in
the inverfe ratio of their refpective lengths, renders
the above computation not ftri¢tly correét — Thele
are truths well known to mathem.ticians: but more
of this in its due place.

It is likewife equally well known, that the times of
vibration are only ifochronal whilft the pendulum
defcribes fimilar arcs.  Since their timesd are direétly
as 8 R + V, or as 8 times the radius added to the
verfed fign of the arc defcribed; or as the number
51840 added to the fquare of the number of degrees
contained in the arc: it is therefore evident that pen-
dulums actuated by the force of gravity alone, inde-
pendent of a maintaining power, whofe arcs of vi-
bration gradually diminifh till they come to reft, can-
not be adjufted with the fame degree of accuracy as
thofe which defcribe equal arcs for the fpace of feve-

ral weeks, months, or years.

Whence it appears that the application of a main-
taining power becomes abfolutely neceffary, to com-
D2 penfate
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penflate for the refiftance of the medium, and which
may neither accelerate nor retard the vibrations; but
the poflibility of {uch an application as will effectually
an{wer thole important purpofes, has been much doubt-
ed ; therefore, as fuch opinions, however erroneous,
may poflibly prejudice the minds of many againft the
accuracy of fuch experiments, and as the propofition
afferted is rather to be demonftrated by experiment
than by reafon ; provifion is made in the conftruétion
of the apparatus, whereby the truth or faiiacy of fuch
conjectures may be truly afcertained.

And in order to fhew whether the plan adopted i
capable of being reduced to general pradice, the
movement or maintaining power 1s not made eflential-
ly different from that of a common eight-day clock,
10r 1s it executed with more than common care; pre-
fuming that if the refult of the experiments depended
upon too much accuracy in the executive part of the
apparatus, the plan would be the lefs generally ufeful.

Therefore the train confifts of the ufual number of
wheels and pinions, containing the ufual number of
teeth, the firft pinion excepted, being No. 12, asa
means of rendering the impetus on the pendulum ra-

X ther
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ther more equable, and the pendulum wheel No. 21,
in conformity to the vibrations of the pendulums,

The dead fcapement is applied, with the addi-
tion of a counterpoife to the pallats, in order to ad-
juft their center of gravity, and render their vibra-
tions coincident with thofe of each pendulum, viz;
42 and 84 in a minute, and this in order to remove
their fuppoled tendency to accelerate or retard the
vibrations of the pendulum,

The pendulum is thus conftru®ed: it confifts of
a folid, [pherical, leaden ball, two inches diameter,
its weight 25 0z. todwt. 11 gr. or 12251 grains troy
weight, fulpended by a flat flee/ wire, tempered, 8o
inches of which is nearly equal to 3 grains.

Such is the conftru@ion of the pendulum; and it
has already been obferved that the magnitude of the
ball is particularly chofen as being an aliquot part of
the length of each pendulum, and more eafily obtain-
able by approximation from the menfuration of time,
and therefore it becomes more immediately inftrumen-
tal in perpetuating the exiftence of the meafures thus
derived ; for although a little variation in the magni-

tude-
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tude of the ball will only produce an infenfible error
in the length of the ftandard meafure, yet it never-
thelefs becomes defirable to proceed by fimilar means
to cobtain fimilar refults; therefore it is an objeét
of fome importance to apply the above radius,
viz. # of the longer pendulum, and « of the fhorter,
as the only means of perpetuating the exiftance of
the f[ame meafure to the end of time.

It has been objected by fome that the quantity of
cohefion contained in fo fmall a quantity of matter as
that of three grains in a wire = 8o inches, is not ca-
pable of fuftaining the weight of the ball without
firetching, but if an equal menfuration of time, for
the {pace of feveral months or years, is any proof to
the contrary, fuch teftimony is not wanting.

Having premifed the general plan of the apparatus,

it now remains to give a particular defcription of
its conftruétion,

S EC-
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Of the Confiruttion of the Apparatus.

LET @4 a a ab b plate I, fig. 1, reprefent a
wooden frame, made of two-inch deal plank, ftrait
grained, according to the fcale annexed. Deal is
particularly chofen in preference to many other fub-
ftances as being lefs liable to expand and contract
- length way of the grain than the generality of
timber.

The ftrength of the frame is intended to give
greater ftability to the vibrations, and render the
refult of the experiments more certain, p h reprefents
a brafs ruler about five fect two inches long, and j
of an inch'thick, let into the plank, till its upper {urface
coincides with the plane thereof. Its lower end is
permanently fixed by a fcrew at p, its upper end is
alfo fixed by a fcrew at h, but with full liberty of

expand-
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expanding or contradting according to the tempera-
ture of the feafons.

Fig. 2, reprefents the fame frame with a part of
the apparatus annexed. A a ftrong brafs plate, to
which the movement or maintaining power is con-
nefted by means of four pillars or dial feet. To the
fame plate the moveable point of fufpenfion m 1s
permanently fixed, between the chops of which
the pendulum wire pafles, and in which it is fixed at
pleafure by means of a fcrew comprefling them to-
gether, To the fame plate is alfo fixed a fcale of
degrees to meafure the arcs of vibration. T the
fituation of the cord barrel ; H the pulley over which
the line pafles to fufpend the weight or power W ; p
h the brafs rule before defcribed. But the parts
are fo much reduced to fhew their feveral relations
or fituations upon the frame, that they are there-
by rendered too minute to be well defined; there-
fore they are reprefented according to their real mag-
nitudes in the following plate.

Plate II, fig. 2, reprefents the plate A before de-
fcribed; N the moveable point of fufpenfion, ¢ c its
chops, between the parts of which the pendulum wire

pafles
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pafles, and in which it is permanently fixed at plea-
fure by means of the {crew S, as it were in the chops
of a vice. D D DD four pillars or dial feet ; of an
inch long, whereby the movement or maintaining
power is connected with, or detached from the pen-
dulum at pleafure. M M the fcale of degrees, to
meafure the arcs of vibrations. R R R the brafs ruler
before defcribed, lying under the plate A, and allo
under the apparatus L, plate II, fig. 1. By means
of this apparatus the long pendulum is adjufted. B
a brafs cylinder through which a fteel fcrew 2 a
pafles, the end of which refts upon L, fig. 1, aty.
oo a part of the cylinder which proje&s at right-
angles from it, and upon which projeétion the pendu-
lum is fufpended when the wire is at liberty in c c.
Now o o being raifed or lowered by the fteel fcrew,
lengthens or fhortens the longer pendulum, by previ-
oufly opening the chops of the moveable point of
fufpenfion : the pendulum wire being fixed in q q by
means of a pin.

At the upper end of the fcrew 2 a, a wheel No. 23,
is fixed for the nicer adjuftment of the pendulum,
one tooth being — ;.. of an inch in the length of

the pendulum.
E At
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The plate A, Fig. 2, is fixed to the frame as be-
fore direted. The two pillars being inferted at P P
for that purpofe ; and the apparatus L is immovably
- fixed to the frame by means of feveral fcrews.

L, Fig. 5, reprefents a tranfverfe fection of the
plate A, to which the moveable point of fufpenfion
N is conne@ed, and in which the pendulum wire is in-
clofed ; whence fome idea may be formed of its ftabi-
lity. d d, fig. 4, reprefents the crutch through which
the wire pafles; ¢ ¢ the counterpoife to the pallats;
& the moveable ball whereby their center of gravity
may be adjufted, to render the vibration equal to
thofe of each pendulum, viz. 42 and 84 per minute.

Fig. 3 reprefents the form of the pillars which are
inferted into the plate A, and pafs between the
planks to conneét the apparatus to the frame.

Fig. 6 reprefents the inftrument adapted to draw
the two lines on the ruler when the pendulums are
adjufted : but more of this hereafter.

Plate III reprefents not only the dial plate, but
alfo the front plate of the movement frame; the in-
dexes



[ ‘og ]

dexes being fixed on the pivots of the firft, and pen-
dulum wheel pinions. ¢ ¢ the counterpoife; 4 the
moveable ball, applied to adjuft the vibrations of the
pallats.

The preceding account of the apparatus may ferve
to convey fome idea of its conftruction, to thofe who
are converfant with the mechanifm of clocks or
watches ; therefore it may be altogether needlefs to
attempt a more explicit delcription thereof; however
it may be neceflary to give fome account of the mode

by which it has been applied.

| DI SEC-
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Concerning the Application of the Apparatus.

. may not be improper to obferve, that it
was found convenient to fix the apparatus in a diago-
nal dire&ion in the corner of a room, fo far detached
from the walls as to allow fufficient room for one’s
hand to pafs behind the frame, to fix or detach the
apparatus as occafion may require.

2. The frame being conne@ed to the walls at the
upper and lower ends, renders it fufficiently per-
manent. The brafs ruler R R R being fixed as before
dire€ted, and alfo the adjufting apparatus L, fig. 1,
plate II. together with the plate A, fig. 2, let the
pendulum be {ufpended upon o o, fig: 1, its wire paf-

fing through the chops of the moveable point of {ufpen-
fion c c.

3. As preparative to the menfuration of time, reft
the pallats upon a proper fulcrum, and adjuft their

-
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vibrations to coincide with thofe of the pendulums,
viz. 42 and 84 times in a minute, by means of the
ball 4, and make fuch marks on the arm of the lever
¢ ¢, as the ball may be returned to the fame place
hereafter.

4. The vibrations of the pallats being thus adjuft-
ed, fet the ball 4 to perform 42 vibrations in a mi-
nute, and having applied the maintaining power to.
the pendulum, proceed to experiment.

5. The pendulum being then adjufted to perform
42 vibrations per minute, or 60480 times in the {pace
of 24 hours mean time, and this under a temperature
60° on Fahrenheit’s {cale.

6. The apparatus being thus prepared, let a line
be drawn upon the brafs ruler R R R, along the edge
of the plate A, fig. 2, plate II, at Y, with the inftru-
ment A, fig. 6, the open end S pafling underneath.
the head of the fcrew S, plate I, and the other end
bearing upon the plate A, at Y, plate II. By this
means it is prefumed that no error can arife by draw-
ing the lines, as might have been the cafe, from the
hand alone,

7. Note
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7. Note the quantity of the arc defcribed by the
pendnlum, viz. 3° 20/, dilengage the wire in ¢ c,
and detach the maintaining power from the frame,
and flide it down to reft upon the point of the fcrew
o, plate I, fiz. 1. The apparatus being refixed
to the frame, and alfo the wire in the moveable point
of fufpenfion, proceed to the fecond adjuftment of the
pendulum, by means of the fcrew o, plate I, fig. 1,
having previoufly removed the ball &4, to vibrate 84
times per minutg,

8. The movement being thus prepared for a fecond
experiment, let the pendulum be adjufted to perform
84 vibrations per minute, or 120960 in the {pace of
24 hours mean time, and draw another line upon
the ruler as before direéted, and note the arc of vi-
bration, viz. 3°: 20'; it being requifite that the
arcs of vibration fhould be fimilar to the former, and
performed in the fame temperature of air,

Thus meafures of length, nearly equal to five feet
Englifth meafure, may be obtained from the menfura-
tion of time, with much more accuracy than has ge-
verally been imagined ; and this independent of the

MC~-
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mechanical operations requifite to afcertain the cen-
ter of ofcillation, or the true length of pendulums.

The meafure or {pace between the two marks
thus obtained, is not 6o inches, according to the re-
fult of the preceding problem, but 59,892 inches,
according to Mr. Troughton’s ftandard, which feems
to indicate that the pendulums were not accelerated
by the maintaining power, as is generally {fuppofed ;
fince the lengths of the pendulums muft have been
increafed to compenfate for that effet in the men-
furation of time. However that may be, fuch is
the refuit of the experiments; whence it appears that
the length of the pendulum vibrating {econds of time

in the latitude of Landon, has been computed and -
found == 39,1196 inches, and not g§g,2 inches, as

commonly fuppofed.

According to the above datum, or length of the -
fecond’s pendulum, viz. 39,1196 inches, it appears
that heavy bodies delcend through the fpace of 16,087
feet in one fecond of time, which is near 16 feet and
one inch; therefore fince the refuit-of the preceding
experiments fo nearly coincide with the laws of
motion, may we not thence infer that the maintain-

mg
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‘ing power has no improper effeét on the vibrations of
the pendulums; but only compenfates for the refiftance
of the medium, and neither accelerates nor retards the
vibrations ? However, fuch are the effe&s produced,
and therefore I have not the leaft reafon to doubt but
that future experiments will abundantly confirm the
truth of the former, and fully perfuade mankind that
invariable meafures may be obtained from the men-
{furation of time, under fimilar circumiftances of la-
titude, elevation, temperature, &c.; and that by the
fame means the force of gravity, or the true length
of a pendulum vibrating feconds of time, may be
afcertained with a confiderable degree of precifion in
all latitudes.

Having previoufly obferved that the two pendu-
lums defcribed fimilar arcs, viv. 3°: 20 nearly, it
may not be improper to take notice, that in order to
produce thofe effeéts, the apparatus requires powers
proportional to the refpective lengths of each pen-
dulum, viz. the 8o-inch pendulum a power =— 32
ounces troy weight; and that of 20 inches, a power
= &§ ounces.

s EC
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Of Meafures of Capacity and Meafures of I eizls,

I_I AVING premifed the conftrudtion and the
application of the apparatus, and compared the
refult of the preceding experiments with the Engiifh
ftandard, we have now to confider the mofl ef-
fe€tual mode of obtaining meafures of capacity
and meafures of weight, from the fpace obtained
from the menfuration of time, and this with a
view of rendering their feveral relations {ubfervient
to each other, at any future period of time, if occa-
fion thould require,

It has already been obferved that the meafure
or {pace obtained from the menfuration of time
i5 59,892 inches Englith meafure; which we pur-
pole dividing into five equal parts, and each of
thofe parts into ten.

F And
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And as the meafure thus graduated 'is derived
from the laws of nature, it may not be impro-
perly diftinguifthed by the appellation of a philefo-
phical wmeafure, in contradiftinétion to all other
meafures now exifting.

The divifion of the foot into decimal parts,
is not altogether adopted to facilitate the bufinefs
of arithmetical computation, but rather in confe-
quence of the number 10 being the cube root
of tooo. For fince a cubic foot of rain or dif-
tilled water is 1oco ounces, avoirdupois weight,
1 cubic inch of the above meafure will = 1 ounce.

Hence it is propofed to obtain original ftandards
for weights mearly correfponding with the Englith
avoirdupois weight; and, as fuch, may be con-
fidered as a permanent bafis to found the latter upon :
by which means the relation between thofe of
length, capacity, and weight, may be effetually
preferved ; infomuch, that the former might be de-
rived from the latter, if occafion fo required.

In order to obtain meafures of weight from thofe
of length, let us fuppofe a cubic veflel accu-
rately
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rately confiruéted from the above mealure, to con-
fift of any number of cubic inches, which are divi-
fible to unity, and let the weight of the water con-
tained therein be taken for an original ftandard
weight.

Now, fince the weight of one cubic foot of 7asn,
or diffilled water, is 1000 ounces avoirdupois weight,
one cubic inch of philofophical meafure becomes
equal to one ounce: therefore if a cubic vellel is
conftru@ed to contain 64, or 512 cubic inches, the
contents of the former becomes = 64, and the
latter =— 512 ounces: thefe numbers being divifible to
unity, either of them may be taken for an original
ftandard weight, capable of being fubdivided by
means of a good balance, or multiplied to any
greater extent: but let it be remembered that the
raccuracy of thefle experiments, like the former, de-
pend on the {fame temperature, viz. 60°.

Such are the modes propofed for obtaining mea-
fures of length, capacity, and weight, from the men-
furation of time: therefore, fince all the operations
depend on the application of whole numbers, they
arc thereby rendered more fimple, and lefs liable to

F 2 eITor
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error than if they depended in any degree on frac-
ticnal parts. And being thus derived, their ana-
logy, or relation to each other, becomes the more

obvious.

Now, f{ince it appears that avoirdupois weight may
be thus eftablifhed upon a permanent, unalterable
foundation, may it not with propriety be adopted as
an invariable ftandard for troy weight? For, having
once truly compared the weights of thefe different
denominations together, and afcertained their relative
pioportions, viz. the number of grains troy con-
tained in ten, twenty, or any other number of
ounces avoirdupois, the latter becomes thereby an
invariable ftandard for the former.

Having premifed thefe matters we have now to
confider the conftruétion of a cubic veflel, as an
original ftandard for weights.

It has already been obferved, that the contents of

a veidel == 64, or 512 cubic inches, may be con-
veniently adopted for that purpofe, as being divifible
to unity; but whether the former or the latter will
admit of the greateft degree of accuracy in the ex-
ecutive
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ecutive part, I leave to the decifion of the artift who
may undertake the conftruction of it. However it
may not be improper to add, that fince the fuper-
ficial contents of t~ larger veflel is to that of the
{maller as 4 to 1, W their folid contents are as
8 to 1; the former may pofMibly admit of more ac-
curacy in the executive part than the latter.

In order to avoid any error that might arife from
the inaccuracy of filling an open veflel with water, it
is propofed to conftruct a cubic veffel confifling of fix
complete fides, and to perforate one of its corners
for the admiffion of a funnel, and alfo to fix the
veflel in a diagonal direction to the horizon. In this
polition the veflel will receive its water, fo as to ex-
pel the contained air. The weight of the veflel hav-
ing been previoully afcertained, the additional weight
arifing from the water contained therein, when com-
pletely full, becomes an. original, invariable flandard
for avoirdupois weight ; obtainable in all future ages,
under fimilar circumftances of temperature, &c., to
the end of time: for it is reafonable to {fuppofe, that,.
{from fimilar caufes, fimilar effecls will arife,

But, however that may be in reality, fuch are the
ideas
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ideas which have hitherto occured on that fubjeét re-
lative to the original conftruction of meafures, both of
length, capacity, and weight: for fince it appears,
from fundry experiments, that an alteration = .1, of
an inch in the pendulum whofe length is 8o inches,
will produce a fenfible alteration in its menfuration of
time; may we not thence infer, that the refult of fuch
experiments, with the aid of a tranfit-inftrument,
muft be attended with a confiderable degree of
accuracy ¢ for fince the meafures of capacity and
weight deduced from thence, depend altogether upon
whole numbers, it is reafonable to expeét that a con-
fiderable analogy in the accuracy of their conftruc-
tion may enfue.

The moft ufeful and moft advantageous application
of weights and meafures being a fubjet univerfally
known, with regard to their {everal divifions and
combinations, it feems altogether needlefs to fuggeft
a fingle idea on that head. T fhall therefore proceed
to give fome account of fundry experiments which
have been made to afcertain the effets produced by
the maintaining power on the vibrations of the pen-
dulum.

SEC-
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e ECTION V.

Of [undry Experiments tending to afcertain the
Effects produced on the Vibration of the Pendu-

lum by the maintaining Power.

PROVISION having been made in the conftruc-
tion of the apparatus, with a view of afcertaining the
influence of the maintaining power on the vibrations
of the pendulum, the following experiments have
been repeatedly made with fimilar refults :

I. It may be neceflary to obferve that the apparatus
is purpofely conftruéted to detach the maintaining
power from the pendulum without interfering in any
degree with the vibrations.

II. When the pendulum has been perfeétly adjufted
to perform 42 vibrations per minute, and has been
going at that rate for the fpace of feveral days or

L weeks,



[ 26 ]
weeks, and at the fame time defcribing an arc of
3%: 20, nearly.

Under thofe circumftances the maintaining power
has been detached from the pendulum, and its vibra-
tions have been carefully obferved and compared by
thofe of a pendulum vibrating feconds, by which the
former was adjufted — And the following effefts were
produced, viz.; in the fpace of 62 minutes the arc
of vibration diminifhed from 39: 207, to 1°: 40';
and the time gained from the diminution of the arcs,
nearly half one vibration.

Such having been the refult of feveral experiments,
render the eflets produced on the pendulum fubject
to computation, according to the rules laid down
page 5: whence it appears, that the maintaining
power only compenfates for the refiftance of the me-
dium, and neither accelerates nor retards the vibrations,
though a contrary opinion has generally prevailed.

And as fome farther teftimony of the efﬁcacy AC=
companying the urging or maintaining power, an in-
genious Mathematician * has favoured me with the

o __I'Dhﬂ Rmhm'am, M. D.
follow -
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following problem computed from the defcription of
the apparatus, and the refult of feveral experiments
made therewith. The problem having been ex-
amined and approved by Charles Hutton, LL. D.
profeflor of mathematics in the Royal Academy of
Woolwich, I prefume it may be acceptable to many
mathematical readers.

1
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< THE meafure is the difference of the lengths
of two pendulums whofe times of vibration are
known to be 84 and 42 in a minute : from this
datum the accurate length of a feconds pendulum
may be obtained. For let y = the length of the
fhorter pendulum, viz. the diftance between the
point of fufpenfion and the center of the ball.
Then y + d == the diftance between the point of
fufpenfion and the center of the ball of the longer
pendulum ; o being == the diftance between the
two points of fufpenfion = 59,892 inches.

G  Now
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¢¢ Now the radius of the ball being one inch, and
the weight of the rod, or the {ufpenfion wire, be-
ing almoft infinitely fmall in proportion to the
weight of the ball, by the defcription of the appa-
ratus; the diftance between the center of the ball
of the fhorter pendulum and its center of ofcilla-

tion will be exprefled b}r . Vid, Emmerfon’s

Fluxions, §s 2. prob. 18. exampl. 16.; {o that the
true length of the fhorter pendulum, viz. the dif-
tance of the point of fufpenfion from the center

of ofcillation, will be y + ﬁ And by the fame
reafoning the true length of the longer pendulum

5yt 54
lengths of pendulums are as the fquares of the
times of vibrations, and in this cafe the time of
one vibration is twice that of the other: therefore

But by mechanics, the

*‘y+~1- ¥ +d+— :r+3 :: 1% : 2%; from whence

£l

iE
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this equation, 4 y + —E— =9 +.8 % >33
gives, after proper rcdu&mns, p=1 9,939 inches
the length of a pendulum to beat 84 times in a

minute ; then to find the length of a pendulum to
beat feconds,

, which

“ 6o* : 84* r: 19,959 : 39,1196 inches the
length of the feconds pendulum.
¢ From
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¢« From whence we obtain the fpace heavy bodics
¢¢ defcend through in a fecond : for by mechanics,
¢ the time of one vibration : the time of a body’s
¢¢ fall through i the length of the pendulum ::
¢¢ the circumference of a circle : the diameter, viz.
$£.5: 89,8416, &c. ¢ 1; and the Ipaces are as the

<« fquares of the times : therefore 17 : 3,1415 &c.|*::

¢« 39190 . yg3.047 inches == 16,087 feet, or 16

2

“ feet and an inch very nearly.”

Therefore fince the refult of this reafoning fo
nearly coincides with the laws of motion, with refpect
to the fpace heavy bodies fall through in one fecond
of time, may we not thence infer, that a confidera-
ble degree of accuracy may be obtained from the plan
adopted ! infomuch as to prefume that future experi-
ments may eftablifh this bufinefs upon a permanent
foundation—But however that may be, I have the
fatisfaction to lay before the public a faithful account
of the progrefs I have made in this neceflary work,
though confcious much more remains to be done
than either my abilities or leifure will permit,

The following tables are only inferted to fhew, in
fome degree, the prefent ftate of weights and mea-
G 2 ¢ fures,
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fures, eftablilhed in many parts of Europe; whence
fome idea may be formed relative to the great embar-
ra{ments daily arifing from the diverfity and incohe-
rence of them in matters of {cience and commerce.

P. S. Omited in page 23, to mention, that ori-~
ginal ftandard weights may alfo be obtained hydro-
ftatically, by immerging a metalic cube, conflructed
according to the preceding dimenfions, in water,,
temperature = 60°.

A ‘Table
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A TasLE of foreign Meafures carefully compared
with the Euglifh; fbewing the great diverfity of
their Lengths, and the Number of Parts into
which each Foot, Ell, &¢c., is divided.

Suppofe the Englifh foot divided into 1000 equal
parts, thofe here mentioned are in proportion to:
it, as follows:

Length of Feet

Places. Foot compared. ;:.1\-,!?.’,1-,"::';15'[]‘]':: E:: ; L‘.-
London - = « = 1000 5 Y
Paris, Royal - - - 1068 2, 8
Amfterdam - - - - 942 1153
Bl s = = = s 1103 T3;2
Antwerp - - - - 946 11,3
Dort - =va = 1184 14, 2
Rynland or Leyden - 1033 12,4
Lorain - - - - - 958 11,4
Meckln - - - - 919 11,0
Middleburg - = - - 991 11,9
Strafbourg - - - - 920 11,0
Bremin - - - - - 964 | 11,6
}Cologn - - -'- - 954 11,4
Frankfort ad Manum - 948 11, 4
Spanith - - - - - 1001 12,0
Toledo = - <« - - 399 10, 7
Roman - - . . 967 11,6

Bononia -
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Places. me}?;i:“ of it;:%?:i:;ﬁ ],‘EEI
Bonohia = @ = = 1204 12, 4
Mantua '=  ='ta 1569 18, 8 |
Venice - - - - 1162 13,9 |
Dantzick - - - 044 11,3
Copenhagen - - 965 11,6
Prague - - - = 1026 1253
Rigan - - - - 1831 21,7
Iurn. -~ -« = 1062 £3, ¥
The Greek - - - 1007 12, %
Old Roman - = 970 11,6
Bononian - - - 1140 13,7
Places. Ell. Fr. Inc
Lyons - - - - - 3976 3 11,7
Boulogne - - - - 2056 z' o
Amfterdam - + - 2260 A
| Antwerp - - - 2273 2 02
Rynland or Leyden - 2260 -
Frankfort - - - 1826 I- 650
Hamburgh - - 190§ I 70,8
Leipick « - - - 2260 2 2
Lubeck - - - 1908 1 9,8
Nuremburg - - 2227 = 5.9
Bavaria ~ - - « 954 o 11,4
Viennpa - - = - 1053 I 0,6
Bononia - - - - 2147 2, 1,85
Phnlark ) = e e 1903 I 0,0
Florence - - - 1913 T 1,0

A Tasig
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A TAsLE of the foreign Weights compared with the
Englifb Pound Avoirdupois, divided into 100 equal
Paris.

Places. Pound.
london, « = = = 100
Habga, SRR e Ui e - 93

Lyons = « = = - 109
Boulogne - - ~ - = 89

Amfterdam - -« - - 93
Antwerp = = = ‘- 9 8
Leyden - - - - - 96

Lotrain = = = - = 98
Mecklin = =« = = 98

Middleburg - =~ - 98
Strafbourg - -=. =l o3
Bremen - - = - - 94
Cologn =~ = = = - 97

Frankfort =« = = = 93
Hamburgh - - - 95

Leipfick - - - - 115
Nuremburg - - - 94
Viennpa - - - - - 83
Caftile - -~ = = = 99
Lifbon - =+ - - = 106
Gibraltar - - = - 103
Toledo -~ - = = = 100
RO faw. Cm )l e am 123

Bononia - = = = 127
Florence
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Places. Pound.
Florence - - - - 123
Naples -~ - - - = 143
Genoa = = = - = e Y
Mantua = - = =% 143
Milan-- w—e— = 140
Parma -« = « ~ = 143
Venice - - - =~ - 153
Dantzick - - - - 119
Copenhagen - - - 04
Prague - - - - - 106
Catro: | & e W e s 161
Conftantionople - - 86

See Harris's Lexicon Technicum.

The inftances above recited, evidently fhew that
fimilar meafures of length, capacity, and weight,
muft neceflarily contribute to the mutual benefit of
all nations.

ERERE AT N
Page 32, Line g, for refer, read refer.

6, 12, for i, read is.
a, 7, for exiftance, read exiftence,
s 7, for fubftances, read fubftance,

23, <, for contents, redd content.
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M. WHITEHURST : ATTEMPT.

BY THE EDITOR,

SINCE the firft publithing of Mr. Whitchurft’s
Attempt to obtain an’ Invariable Mealure, {feveral
other ingenious and learned gentlemen have allo turned
their attention to the fame fubje@, both in this
country, and in feveral other nations of the world ; and
from their united endeavours, there are now ferious ex-
pecations that fome effe@ual and beneficial changes
will be made in this fubje&, viz. the regulation of the
weights and meafures of different countries; toward
which the curious experiment of our author, herein
defcribed, will doubtlefs not a little contribute,

The great and leading fa@ determined by him is
this ; That in the latitude of London, the difference of
the lengths of two pendulum rods is 59.8g2 Englith
inches, when the one of thofe pendulums vibrates 84
_times in a minute, and the other only 42 times in the
minute, each vibrating in an arc of 3° 20, and in the

H 2 temperature
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temperature of 60° of Fahrenheit’s thermometer : the
pendulum being formed of a perfeé ball or globe of
lead, of exa&ly two inches in diameter, weighing 25
ounces, 10 pennyweights, 11 grains, or 12251 grains
troy, and fufpended by a fine flat, tempered, fteel
wire, of which 8o inches weighs but three grains.

From this fa@ many important conclufions may be
drawn ; as the true length of the feconds pendulum,
for any latitude, vibrating in a given arc; the length
of the fame to vibrate in a cycloid, or an infinitely
{fmall circular arc; the defcent of gravity, or the fpace
a heavy body will fall in the firft fecond of time ; &c.

The calculation above given, in the problem by Dr.
Rotheram, this gentleman, it feems, meant only as a
rough computation, in which no allowance or correc-
tion is made for thefe following circumftances, viz.
the ‘weight of the ball and rod, the refiftance of the
air, with the effec of the maintaining power, and the
magnitude of the arc of vibration. Taking thefe into
the account the fame gentleman has fince determined
(in his Letter to fir John Sinclair, on Weights and
Meafures, page 18) that the true length of the pendu-
lum vibrating feconds in the latitude of London, in the

tﬁ:ll'li)(’:!‘ﬁtul'ﬁ
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temperature of 60°, is 39.1237 inches, While the
authors of the Monthly Review for November 1787,
page 383, from the fame datum, or leading fad, de-
termine as follows, viz. 1ft, that 39.1187 is the length
of a feconds pendulum vibrating in a circular arc of
3° 20"; 2d, 39.1362 the length of a feconds pendu-
Jum vibrating in a cycloid and in vacuo ; 3d, 16.0941
feet is the fpace fallen through in the firft fecond of a
heavy body’s defcent.

Mr. George Skene Keith too (in his Trad&s on
Weights, Meafures, and Coins) has remarked on Mr.
Whitehurft's experiment and conclufions; to whom
the editor begs leave to obferve, that, from having been
a frequent eyewitnefs of Mr. Whitehurft’s experiment,
he may depend upon it, that the ball of lead ufed by
him was turned perfectly globular, of exadly two inches
diameter, and weight 12251 grains troy, in air, as
above-mentioned ; from which Mr. Keith can be at no
lofs for the fpecific gravity of the metal.

To Mr. Keith it may farther be obferved, that Mr.
Whitehurft never faid or meant that the two pendu-]
lums, vibrating 84 and 42 times in a minute, were

exally 20 and 8o inches long, but only nearly fo.
Mr,



[
Mr, Keith adds, <1 ﬁncl that the fhort pendu!mn, pfttqr
making an_ allowance for the WE:lght of the rod, éﬂﬁ ;
(in, an arcaf 3% 20¢') ~19.95762816 inches, and the .
long one 79.83051264 inches, ard the difference be-
tween the pendulums only 59.87288448 inches, or
01911552 of an inch lefs than the difference between
the rods.”

END OF THE APPENDIX.

b
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@V B R T:1 S E°ME N'T..

ABOUT ten years ago, the late Mr. John Whitehu:f,

who died in 1788, had nearly completed for the
prefs, A Treatife on Ventilation, on Chimneys, and thic
Conftru@ion of Garden Stoves ; which was accidentally
deftroyed ¥, and never afterward replaced. The papers
on which that treatife had been founded, were referred
to me for examination fome time after his death, They
confifted chiefly of remarks, and memorandums rela-
tive to the fubjed, putdown without order, or con-
nection. On a careful perufal of them, thinking the
obfervations judicious, and not unworthy of public
attention, Iendeavoured to arrange them, and to [up-
ply feveral deficiencies. This T was the better enabled
to do, from having had frequent opportunities, during -
a long intimacy with Mr. Whitehurft, of learning his

{fentiments on the moft material points,

For a work thus conftruéted, it is, however, neceflary
to requeft from the Public fome degree of indulgence.

* See the Life of Mr. Whitchurft, prefixed to his Works, page r4—1s.



It cannot be {o p{:rﬁ:ﬂ: and fatisfﬂ&ﬂl‘}" as if it had pro-
ceeded from the original author of the obfervations:
yet, Ihope, in its prefent form, it will at leaft be found
tolerably clear and connecéted,

The lateft publication on the fame fubject is by the
celebrated Dr. Franklin. His letter to Dr. Ingen-
houfz on the Conftru&tion and Ufe of Chimneys
affords many ufeful hints, but does not, I think, fuper-
fede the more cnlarged plan of Mr, Whitehurft, With-
out derogating from the merit of Dr. Franklin’s Effay,
I may be allowed to obferve, that we are in fome re-
{pe& indebted for it to Mr. Whitehurft; the Do&or
having been firft induced by him to attend to the fub-
je@ of ventilation and chimneys, while on a vifit at
Mr, Whitchurft’s houfe in Derby during the fummer
of the year 1774.

The moft defective part of the prefent work is the
lalt chapter, On Garden Stoves. Having myfelf paid
little attention to their ftrucure and operation, I pro-
bably may not have fucceeded in doing juftice to Mr.
Whitehurft’s ideas on the {ubje@, more efpecially as his
notes upon it are very fhort and imperfe&. In defcrib-

* See Philofophical and Mifcellancous Papers, by Benjamin Franklin, LL. D.
F.R.8, &c. London 1787.
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ing the form of a ftove recommended by him, I have
alfo ftated the objections made to it by practical gar-
deners: but even admitting thefe objections to be juit,
I could not think it proper wholly to fupprefs this
part of the work, the philofophical obfervations an-
nexed to the plan being certainly ingenious and well-

founded.

Jory 16, 1794. R. WILLADN.
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