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ADVERTISEMENT.

HE EleCtrometer mentioned wn  the title-page

has been publfhed w the Philofophical Tranf-
actions, Vol. LXXII, but by fome means not generally
known, and the omiffion there of many neceffary
references (although the fame drawings of the
plates were wn the hands of the compilers of that
very ufeful and extenfive publication) it 15 not eafy
to difcover the mechamyfm, nor the method of ufing
the wnftrument; from which it was thought, that
a republication, and a more accurate defcription
thereof, might make 1t better underflood, fo that the
workmanfhp may be more eafily executed, and the
mfirument be ufed without difficulty: and if the
language, n which the following fheets are written,
can be underflood, the Author will obtain what he
ammed at, having no great pretenfions to erudition,
and meammg only to relate plan fatls.

NoRrwiIcCH,
1786. A 2
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INTRODUCTION.

S {o many excellent pieces, by way of
introduction to electricity, have alrcady

been written, what i1s contained in the follow-
ing fheets is not fo much intended for the in-
ftrution of beginners in that branch of na-
tural philofophy, as to find out fome way of ad-
mealurement thereof, fo as to be generally un-
derftood; or in fuch a manner, that one perfon
may communicate experiments to another, at
any diftance of time or place, by fuch a
meafure, as that they may both fucceed alike,
Accordingly, after having defcribed the elec-
trometer, &c. reprelented by the copper-
plates, by which {uch an admeafurement is to
be alcertained, a courfe of experiments is
fet down in the promifcuous. order they were
made. The former part of them, to about Ex-
periment
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-periment XXIX. were trials with different
numbers of bottles, charged to different heights,
on wires of different metals, fizes, and lengths,
in order to find out the flrength of the
charge of a given quantity of coated glafs
neceflary to produce the effet propofed. The
latter, are experiments, where thofe charges
are reduced more to a certainty, either with
pofitive or negative electricity, {o as to know,
before-hand, what firength of charge is ne-
ceflary to melt a wire of cither lead, iron,
brafs, or copper, of a given length and fize;
which will tend to point out pretty nearly
(where bell-wires have been melted by a thun-
der f{troke, the fize, fort of metal, and the
length of the wires that were deftroyed be-
ing known) the f{trength of the firoke from
the cloud where {uch accidents have hap-
pened; and thence to find what quantity of
coated furface is neceflary, and to what height
it muft be charged, in order to do the fame.

The battery with which {fome of the follow=
ing experiments were made, confifted at firft of
only
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only nine jars, or rather bottles, for they were
not with open mouths; but when a greater
power was wanted, 1t was ncccffary to pro-
cure more boettles, or jars; but the latter not
being eafily procured, the former were {ubfti-
tuted in liea of them; though afterwards a
much lefs number of bottles was ufed, folely
for trial fake. The mean fize of thefe nine
bottles. was eight inches diameter, coated
about ten inches high, of the thickeft and
{trongeft glafs that could be procured*, weigh-
ing from five and a half, to about feven and
a half pounds each. The bottles which com-
pofed the battery after Exp. XXXII, were
difpofed in three rows, nine in each row;
nine of the ftoutelt and beft compofed the
firft row, nine of the next in floutnefs made
the fecond row, and the third row contained
the nine weakeft, (of which notice will be
taken in the work) all of green glafs, but
not all of one fort of green glafs. Some of
them, which ftood foremoft in the battery,

* See Remark .X.
were
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.were .made of a fort of glals very much
like that of the Frontiniac wine bottles. The
olafs of which thofe bottles are made {eems
to be by much the beft, being much harder
and ftronger, and feems to bear the higheft
charge without being flruck through. One of
thefe wine bottles which 1s three inches and
a half diameter, and coated feven inches
high, has often been charged to thirty grains
repullion (between two balls of the fize of
thofe on this new conftruéted Ele&mmeter)
and has not been ftruck through.

The fecond and third rows in the battery,
confifted of bottles from about {ix and a half,
to ten inches diameter, coated from eight and
a half to eleven inches high; and none of
their mouths are more than one inch and a
half, nor lefs than three quarters of an inch
wide, in all the battery. The higheft charges
being made with bottles apparently the ftrong-
eft, if any of them were ftruck through, the
fratture was repaired as in Experiment XLIII,
and removed to a lower order, when a defi-

ciency
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ciency happened there, as will be obferved in
the work: and when any meafure of coated
glafs or furface is mentioned, it is meant only
of external coating.

Notwithftanding the above battery confifls
of fuch narrow mouthed bottles, on account
of wider not being eafily procured ; yet, the
latter are much preferable, being eafier to coat;
moreover, the eletricity is not {fo liable to be
difperfed by the wires that go into the bot-
tles when their mouths are wider; for 1if par-
ticular care be not taken, (and even this will
hardly be fufficient) the elettricity will fre-
quently be fpurting from the fides of the
wire, to the edges of the mouths of the bot-
tles, when they are thus narrow, without
bringing on a {pontanecus difcharge. This
being the cafe with the Frontiniac wine bot-
tles, I have never been able to charge them
fo high as they would bear: therefore I can-
not tell how much more, than to thirty grains,
they might be charged, without being ftruck
through: but by the- time that the charge
| a gets
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gets to be thus high, the {purting will dif-
perfe the fluid as faft as the machine will
colle@& it. The number of bottles that have
been deftroyed in making the following expe-
riments, has, in feveral of them, made a
fmall difference in the refult; but could the
fame battery have been preferved intire,
throughout the making of thefe experiments, I
believe there would have been fo little differ-
ence, as not to be of any material confequence,
and fhll lefs difference, if wires perfeétly ho-
mogeneous, could have been procured. This
difference appears moft in the brafs wire (zit
the former part of the experiments, when
my ‘ftock of brafs-wire was very low, and I
was never able to procure any more like it)
with regard to its ftretching fo much while
hot, which, to me, appeared very fingular.

As wires of exaétly the fame {ize may be ra-
ther difhcult to procure at all times, and left
a method to prove them fo, may not be al-
ways at hand, the method I took to prove
what thofe wires were, both in weight and

fize
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fize, that I ufed in the following experiments,
is here f{ubjoined. Each piece of wire that
was weighed was cut ten inches and a quar-
ter long; as. every piece of wire that I tried
was the length {pecified in the experiment be-
tween the forceps with which it was held.
I have alfo added the weight of a piece of
each wire, both of their {izes, and the fort of
metal : every piece of wire that was weighed
was the fame in length. The weight of them
1§ added to be a check upon the meafure of
their thicknefs; and the {cales were fuch as
turned freely with the two hundred and fifty-
fixth part of a grain. In order to get the
thicknefs of each wire, as near as poflible,
they were wound round a wire one-tenth
of an inch thick, on which an inch {pace
was carefully marked; the revolutions of
the wires being kept as clofe as poilible to
each other and their number being known,
gives the thicknefs of each wire, pretty nearly :
the iron and brafs wire was fuch as is ufed for

harpfichords, &ec.

2o Alb
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All my battery, as well as all my other bottles,
or jars, both withinfide and without, is coated
with {trips, cut from three-eighths to three-
fourths of an inch wide, and laid on with
pafte made with flour and water, at the dif-
ftance of about a firip between each.

The following table exhibits the ﬁzes and

weights of various wires of four different forts
of metal.

Parts
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xiii

Parts of an | Weight of each in Grains
Inch in .mﬂ Parts ol a Giain, Proportion to each other.
thicknels. 10§ Inches long.
7
2 Y 66th | 5 grainsand -f-j ofa grain | above half the soth.
€< 56th | 7 grainsand ﬂ- ofa grain
= soth | g grains and X of a grain nearly double the 66th.
w [ 170th ﬂf a grain almoft half that of 1coth.
e | 140th 1 of a gr:un
-z 1zoth iiofa graln ™
= | tooth | 1 grain and -% of a grain more than double 170th.
;?4, goth 1 gram and < of a grain
= [ Both | z grains and rof a grain | almoft double 100th.
= | 64th | 3grainsand ;%7 of a grain
=i LL more than double Soth, or almoft
i § 56th 4 grains and 7% of a grain { S L e
g '3 1 f
3 \ 170th of a grain almolt one-fixth part of soth,
= }iz2oth I gram d.I'ld ¢ of a grain
= 64th 5 grains and -+ of a grain
f( soth | 6grainsand’;ofagrain | more than fix time 170th.
(]
Q — IR = - -
= Yijoth | i2ofa grain about I of 140th, which is equal againft
a2/ 1qoth | 129 of a gram the eleftrical firoke as 1coth of fteel
= )'doth | 112 of a grain wire, as appears by the following ex-
2 pmmems*

CONTENTS
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"DESCRIPTION

OB --THE

s b Gl el Ly ol

AS an accurate admeafurement of quanti-
ties of Electricity is amongft the various
defiderata in that branch of natural philofophy,
and as the Eleftrometers which have hereto-
fore been invented, have, in that particular,
been found deficient; it is not without the hope,
in fome degree, of fupplying that deficiency,
particularly in large quantities, that the follow-
ing explanation of a new inftrument of this
kind 1s offered to the public.

B Plate
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Plate 1, fig. 1, thews the Eleflrometer in
miniature, as it appears when it is ready to
be ufed. Fig. 2, is an arm, the ball of which
- 15 to be laid into the cup 4, to make a com-
munication to a battery, &c to be explained
afterward.

Plate 2, exhibits the outlines of all the dif-
ferent parts, both internal and external, of the
Ele&trometer, in full fize and proportion, and
the manner in which they are made and put
together.

A, A, A, A, N, fig. 1, and fig. 1, a, repre-
fent the Ele@rometer in full fize all put toge-
ther; except where fig. 1, a is {eparated fmm
hg, 1.

The foot B, fiz. 1, a*, is_a piece of board,
nine inches and three quarters fquare, refling
on three pins C C ¢, feen at the under fide of
it. The pins C C, with their broad heads, are

* This figure is wholly omitted in the Philofophical Tranfactions,
although it is referred to.
{crews
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fcrews to fet the Eleirometer upright withal.
D, is a folid piece of glafs, of any length and
fize, fufficient to fupport and infulate the in-
firument, wherever it is to be placed: the .
length of that here defcribed is about nine
inches and a half between the fockets in which
it is fixed, and its upper end is {feen in the
focket, or cap M, fig. 1.

The arms G 1, and G 2, and the balls I 1,
and I 2, fig. 1, are all made hollow, of thin
copper, that they may be as light as poflible.
The arms G 1, and g, with the ball F, turn
round on the large bent wire H; and when in
ufe they are put nearly at.a right angle with
G 2, and H; being all turned to the off fide,
{fo as to be, as much as poflible, out of each
other’s atmofpheres, or the atmolphere of a
jar, battery, prime conduétor, or the like. At
K, is reprefented a kind of face, or dial plate,
with an index; this index is carried once round
by the motion of the arm G 2, with its ball 72,
moving through a quarter, or ninety degrees
of a circle; the motion is given to the arm
and its ball, by the repulfive power of the

B2 : charge
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charge of a jar, &c. between the two balls I 2,
and L. The ends of the index, from the
center, are of different lengths; the longeft
end reaches to a graduated circle, divided into
ninety equal parts, anfwering to the ninety
degrees, which the arm G 2 moves through:
the fhorteft end reaches to a fmaller circle,
which may be divided into any number of
equal parts anfwering to the divifions on the
arm G 1, with its {liding weight n, each of
which, is equal to one grain, and the whole
face 1s covered with a watch glafs*, to prevent
the electricity from flying off, or efcaping at
the points.

The upper end of the glafs-fupporter D, is
cemented mto the brafs cap, or focket M, fig. 1.
This cap enters the ball L, at the bottom of
it, and is {crewed into its upper partata. The
top part of the cap M, is tapered off to

* There was an Eleftrometer conftructed by a very ingenious
Gentleman fome years ago, the face of which was covered with a
glafs: but it feemed to me to be lefs ufeful than Henley’s Electro-
meter, though much more complex; yet its neatnes was very
pleafing.

d
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a cone about one inch and a half long. = The
lower end of the wire H, has a hole made
conically into it, fo as to receive the upper
part, or conical end of the cap M, which per-
mits all the upper part of the Elettrometer to
tum round any way that may be neceffary.
The kind of ferrel 0, with its bafe, 15 perfo-
rated, that the lower end of the wire A,
may go through it. The arm 5, which fup-
ports the cup N, is {crewed into the bale of
the ferrel 0, and turns round upon the wire
H. The cup N 1s to receive the ball P, of
the arm fig. 9. This arm, which is thewn fe-
parate in plate 1, fig. 2, fhortens or lengthens
as may be wanted, by a wire {liding into a
tube; the end of the wire 1s {lit, forming a
fpring mn the tube, to give it {leadinefs. In
this arm 1s a kind of rule joint at d, that it
may give way eafily if wanted: the femicircu-
lar end of the arm is a fpring, which may be
{lipt on to a ball from the prime conduttor,
or the condutor itfelf, (if it fit) or jar, or bat-
tery: the ends of it are flat and broad, as re-
prefented at B, fig. 2, plate 1.

Fig.
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Fig. 2, fhews the wheels &c. in the Elec-
trometer*. The wheel 4, has forty-cight teeth,
and takes into the wheel B, of twelve teeth.
The axis of B, carries the index K, fig. 1,
once round, by the arm C, fig. 2, being re-
pelled to D, a quarter, or ninety degrees of a
circle, as before oblerved. The arm C, 1s
{crewed into the underfide of the axis of the
wheel of forty-eight teeth. E, is a folid leaden
weight, fupported and made faft to the upper
fide of the fame axis; this leaden weight, which
1s almoft a counterbalance to the arm G 2, and
its ball I 2, fig. 1, may be made of any fhape,
fo that 1t be heavy enough, and move freely
within the Elettrometer. At F, fig. 2, is
fhewn a circular piece of brafs, fixed within
fide, fo as that the repulfive power, at the
top of the leaden weight E, may be as equal
as poflible, at whatever diftance the arm C is
repelled. At G, is thewn the piece of brafs
into which the upper end of the wire H, fig. 1,

* All the references and defcript'ons of fig. 2, to fig. 11, are
entirely left out in the Philofophical Tranfactions, and only fig. 3
fig. 4,and fig. 10, are kept the full fize, although otherwife
expreffed. All the other figures are much diminifhed.

15
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is fcrewed, it is made faft to the infide of the
frame of the inftrument with a fcrew.

Fig. 3, fhews the internal frame of the
' Elettrometer, to which all the parts are
fixed and fupported by fcrews, &c.

Fig. 4, fhews the infide of the Elettrometer
-in profile. The brafs rim 4, which holds the
-glafs in the front face of the inftrument, is kept
in its place by center-pins at ¢ ¢, and is held
on by the fcrews a a. The part B, which
brings the dial plate forward from the frame
towards the glafs, 1s held on by the {crews b 4.
The axis of the wheel of twelve teeth paffes
through the dial plate on B, and receives the
index 4; the other end of the axis is pointed,
and works in the bent arm d, which is {crewed
to the frame at e. One end of the axis of
the wheel of forty-eight teeth is pointed, and
works in the frame; the other end is fup-
ported by, and works in, the bent arm g,
which 1s {crewed to the frame at 4; but to
teflen the fri¢tion at 7, in the bent arm g, a

{crew
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fcrew pafles through it; this ferew is perfo-
rated, as at fig. 1Q, (reprefented enlarged) by
this means, fuch exaltnefs in the length of
the arm g, is unneceflary, the ferew itlelf be-
ing perforated with a larger hole till very near
the little end of it, which is bevelled off, and
the remaining part of the hole being made
very fmall, the frittion is confiderably dimi-
nithed. The joinings of the weight E, and
the arm C, are fhewn here, the fame as in fig. 2.
The part D, which brings the dial plate on
the back of the Eleftrometer towards the
glafs, refts in the rabbet of the frame, and
rifes half the depth of the rabbet. The brafs
rim F, which holds the other glafs, refts in
the fame rabbet of the frame, fills up the other
half of the rabbet, and is held oen by a bent
pin, as ato, on one {ide, and by a {pring
catch p, “on the other fide; this bent pin, and
the {pring catch pafs through two holes (un-
der, or behind the brafs rim F,) made for that
purpofe in the part D. The axis of the wheel
of forty-eight teeth pafles through the dial
plate D, and carries the index m a quarter,

or
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‘or ninety degrees of a circle, which may be
graduated anfwerably to the face on the front
of the Elettrometer.

Fig. 5, reprefents the Eleftrometer turned
its bottom upward, to Thew the opening, where
the arm G 2, fig. 1, moves up and down, and
the hole through which goes the upper end
of the wire H, fig. 1, and {crews into G, fig. 2.
The catch p, which is fhewn in fig. 4, is
fixed to the frame, clofle to the opening in
hg. 5, that it may be opened eafily with the
point of an awl, or the like.

Fig. 6, fig. 7, fig. 8, fig. 11, fhew the me-
chanifm of the movements and parts in the
ball F, fig. 1.

Fig. 8, fhews the external conftru@ion of
the ball F, fig. 1, which is hollow, and con-
fifts of a frame, or rim, in the middle, with
two caps fcrewed on to the rim, one on each
fide; it has a hole at top and bottom, through
which goes the bent wire H, fig. 1. Within

C this
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this ball 1s another leaden "weight, which is a
counterbalance to the arm G 1, fig. 1. The
innermoft circle in fig. 8, reprefents the outline
of the weight in the ball F, fig. 1. The po-
fition of this weight 1s feen at g, fig. 6, and
g, hg. 7; a hole 15 made perpendicularly
through the middle of it, to give liberty for
it to move up and down, free of the wire A,

fig. 1, which pafles through this weight.

Fig. 11, fthews a piece of brafs, a lttle
thicker than a new fhilling, which is held to
the infide of the rim, fig. 8, by the {crews a a,
fig. 6, with its hole in the middle, again{t the
hole in the rim fig. 8, in which the arm G 1,
fig. 1, moves a little way up and down, as
fhewn in fig. 6. The ends & b, fig. 11, are
turned up as at b b, ig. 7, to form a fupporter
for the axis on which the arm G 1, fig. 1, with-
its weight g, fig. 7, refts. ‘a a, fig. 11, fhew
the holes, through which go the {crews a a,
fig. 6. By thefe four figures the whele con-
ftruction 1s fhewn better than by a whole page

in letter-prefs. This weight i1s made faft to
the
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the axis on which it is {upported; but the
arm G 1, fig. 1, fcrews in and out as at ¢

fig. 6.

Fig. 12, fhews the part at z, fig. 1, that
fcrews into the ball F, to {fupport the arm g,
and 1ts ball r: this piece (which is hollowed
out on the fide next the wire M, to fit 1t) is
fcrewed in, {o as to prefs againft the wire H,
and ferves as a {pring to keep the ball F
fteady; which i1s made to {lide up and down,
as well as to turn round on H, to whatever
pofition may be wanted.

In order that the divifions, before-mentioned,
on the arm G 1, fig. 1, may be made exactly
a grain each, firlt {lide the weight », towards
the ball F, till it 1s an exat counterbalance to
the weight in F; then at one end of the weight 7,
make a mark on the arm G 1, and there let
the divifions and numbering begin. Sufpend
any tolerably good pair of {cales, {o as that the
bottom of one of them may reft upon the ball 7,
between 7 and [ 1, (the ball I 1, refting in the
{cale) flide the weight n, near to the ball 7 1,

G 2 put



12 DESCRIPTION OF /THE PUATES.!'

put as many grains into the other fcale, as will
jult raife the {cale with the ball 7 1, in‘it;
then mark the arm at the {ame end of the
weight n, and divide the fpace between the
two marks, into as many equal parts as there
are grains in the f{cale; each part will then
be equal to one grain: each part may alfo
be divided and {ubdivided into halves and

quarters.

The arm G 2, fig. 1, being repelled, fhews
when the charge 1is increafing, &c. and the
arm [ 1, with its weight =, tells what fuch
repulfive power is between two balls of the
{ize of thefe, in grains, according to the number
of divifions, at which the weight 7, on the arm
G 1, refls, when it 1s lifted up. The weight #,
by repeated trials, having been put at different
places, fuch refpective number of grains may
then be mark¢d on the leffer circle on the
dial-plate, to which the fhorteft end of the
index K, fig. 1, reaches, and where it points at*:

| fo

* The Gentleman who invented the EleGtrometer, mentioned in

the foregoing note, conftructed it o that the index was carried
i twice
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fo that when the grains are all marked on
the dial-plate, thus afcertained by the arm G 1,
all thefe parts of the inflrument, that is, the
ball F, with the arms G 1, and g, may be
taken away, and the remaining part of the
Elettrometer may be ufed without them: but
I do not know how the grains can be fo ex-
altly marked and afcertained on the dial-
plate, as by thefe parts being on the infiru-
ment. And, notwithftanding thefe parts may
be taken off, and the Eleftrometer ufed with-
out them, yet I think it is moft fafe and cer-
tain, to ufe it with them altogether, as they
are a check one upon the other: for I find
various circumftances will occur, by which:

twice round the dial-plate, and he told me that a friend of his was
coing to make one with the index to go four times round, but I
think it muft be quite unneceffary, and not fo diftinét: allo, that
the afcertaining, and marking the grains on the dial-plate, as well as
the number of degrees the moving arm is repelled, mult be very
indiftinét. But his inftrument (which was the firft that I ever heard
of, where the wheel-work was introduced) was not conftructed fo as,
in any degree, to thew what the repullive power was, any more
than that of Mr. Henly’s conftrution. In order to have as
much diftinéinefs as poffible, I made the index ro go only once
round the dial-plate, by which means both ends of the index be-
come ufeful and intelligible. -
the
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the arm G 2, alone 15 more liable to vary at
different times, than when the other parts are
on: the atmofpheres of different things, or the
atmolphere of the arm and its ball, interfering
with other things, or any {fmall piece of lint,
or other fibrous fubftances, lighting en the
ball, will make it vary very much, according
to the place it may, by chance, adhere to:
but, as before obferved, when they are all to-
gether they check each other. . I believe the
arm G 2, alone, would be equally certain,
~1f all imperceptible atoms, &c. could be got
rid of which are conftantly floating about
in the air of moift rooms.

I do not mean to confine the number of
grains, or diviflions on the arm G 1; but my
own obfervations rather lead me to think, that
no glafs to be charged, asit i1s called, with
‘elettricity, will bear a greater charge than
that whofe repulfive force, between two balls
of the fize of thefle, 1s equal to fixty grains
weight, before it will be perforated, or ftruck
through. Nay, I have not found many in-
ftances when it would bear, or fupport itfelf

with
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with fifty grains; and I think it very hazar-
dous to charge higher than forty-five grains.
I think, likewife, that the fize of thefe balls
~and wires are large enough to prevent the
efcape, or difperfing of the charge of electri-
city, which any glals will bear, that we are
acquainted with; but if balls, wires, or arms,
of this fize, are found too fmall, larger may
be made on the fame plan.

After this manner, with the Eleftrometer
above delcribed, by knowing the quantity of
coated furface, and the diameter of the balls,
one may fay, a certain quantity of coated
furface of glafs, charged to any given number
of grains, exprelling the repulfive force, be-
tween two balls of a certamn diamcter, will
melt a wire of a certain {ize, kill this or that
amimal, and the like.

In refpect to the ufes and advantages of this
Eleftrometer, perhaps I may not know them
all, and left partiality may prejudice me in
behalf of my own contrivance, I would rather
leave them to the judgment of others: my

_ opinion
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opinion however is, that all others, which I
have feen or heard of, are fuch as {peak no in-
telligible language, and that this fpeaks {o as to
be underftood univerfally: for unlefs the re-
pulfive power of the charge of different glafies
be very different, this Eleftrometer, or any
other Eleftrometer, made after this manner,
mult, I {hould prefume, {peak very nearly the
fame language; it being known how much
coated {urface there 1s, and the lize of the
balls: but if the fize of the balls be not the
fame, the language the Eleftrometer {peaks,
will be very different.

Although other Elettrometers fhewed a
greater or lefs charge, or power, by an arm be-
ing repelled to a greater or lels diftance, or
by ftriking at different diftances; yet, the power
of the charge, was not in any manner afcer-
tained; we could fay, that the arm, or the in-
dex, was repelled to fuch a number of degrees
of a circle, or that it ftruck at a certain dif-
tance; but the repullive power of a charge to
repel the index fo much, or {fo many degrees
of a circle; or the ftrength of the charge to

firike
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at fuch a diftance, was not, that I know of, 1n
any manner intelligibly afcertained: this does
it by the weight that the repulfive power has
to lift up in grains, &c. which weight is to be
proved by any good pair of {cales and weights;
‘and I know not of any method that has yet
been tried to thew the different firength of
charges, fo fatisfatlory as by that of their re-
pulfive force.

All the neceflary parts of the Eleftrometer
being made of metal and glafs that is pretty
ftout, I think that the eletricity is confide-
rably lefs liable to efcape than by wood, &c.
I have tried reeds, on account of their being
light, and covered them with tin-foil, or
gilded them, to make them good conduétors, but
have fo frequently found inconveniencies from
them by points rifing up, the celerity of mov-
ing, and the different weight of them at dif-
ferent times, owing to moifture, changes of
the weather, and the like, that I have laid
them all afide, and find my prefent infirument
as free from thefe inconveniencies as I could

D expeclt;
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expett; nor is it liable to be out of order, if
proper care be taken of it.

Another ufe of this Eleftrometer is, to gra-
duate other eleflrometers; I mean fuch as
Mr. Nairne’s, which I think is a very good
improvement of Mr. Lane’s eleCtrometer;
and I think I have rather improved Mr.
Nairne’s, by a little alteration in the con-
ftrution of it, and graduating it, fo as to
be always certain; and it may be applied
to any prime conduftor, &c. but unlefs it be
firft graduated, that the ftrength of the charge
may be alcertained by the diftance it is to
firitke at, it 1s of no more ule than Mr.
Nairne’s; except that it is applicable to any
thing, or almoft any where: yet, after all this
alteration, it will never fhew when a charge
1s increafing or decreafing, nor how far off,
or how near a difcharge is, but only tell
what it is, at the time that the difcharge is made.

Although the eletrometer defcribed in

plate 1, and plate 2, has the advantages and
ufes
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ufes already mentioned, yet, it will never
make the difcharge of a jar, or battery, of
itfelf, for which Mr. Nairne’s is very excel-
lent: and in the ftate to which I have altered
it, I think it is exceedingly ufeful with the
former one; thus, the progrefs of a charge is
fhewn by the motion of the arm G 2, of the
former; the diftance it is repelled fhews how
far off, or how near, a difcharge, of any re-
quired ftrength is; the arm G 1, will fhew
that that repullive power is what it was de-
figned to be; and the latter, will make the
difcharge, as foon as the charge has acquired
the ftrength propofed: which I have proved,
having one to apply to the machine that was
ufed in making the following experiments.

Plate 3, fig. 4, fhews this laft mentioned
eleCtrometer in its improved ftate. A4, is a
folid piece of glafs bent to a right angle at
both ends; one end of it goes into a focket
cut in the ball B, which 1s of folid metal,
to one fide of which is made faft a fthort co-
nical tube of tin. The prime conduétor has
likewife a conical tube, or focket, fixed in

D2 the
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the [ide or end of it, to receive the conical tube
fixed to the ball B: they are made conical
that they may ftand fleady. The other
end of the glals 4, goes into the focket of
wood C, at the end of which is a, ball;
through this ball goes the graduated wire D,
one end of which terminates in a ring or
with a ball: the other end has another
ball on 1it, equal in fize to the ball B, both
of which are the fize of the balls of the elec-
trometer defcribed in plates 1 and 2. The
focket cut in the ball B, being concentric to
the ball itfelf, the glafs 4, will turn about in
it; ftill the ball on the graduated wire D,
will always be at the fame diftance from the
ball B.

Notwithftanding all the improvements and
alterations that have been made on Mr. Lane’s
eleCtrometer, both as to acquiring charges of
exaétly the fame f{trength with the fame quan-
tity of coated furface, and as anfwering the
end, or ufe, of a dilcharging rod, full, with
refpeét to the latter, it is chiefly ufeful, when the

charges are not very high, nor a great quantity
of
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of coated furface; many fibrous particles (con-
ftantly and almoﬁ_impcrf:t*ptibly floating 1n
the air of a room) being fo apt to be attratted
by, and adhere between, the balls of the elec-
trometer; and the electric atmofphere extend-
ing, {o ftrongly, much farther than the diftance
of thefe two balls; fo that, in both thele cales,
the charge is very liable to be diminifhed,
almoft imperceptibly, whillt the battery is
charging. Therefore, with large batteries,
highly charged, a dilcharging rod, or a con-
trivance for that purpole, 15 much better by
itfelf, entirely detached from the machine,  or
the prime conduétor; and in fuch a manner,
that it may always approach the place, where
the difcharge is to be made, with the fame
velocity, and at a certain diftance. For this
purpole, 1tis eaflily made to do its office either
with a {pring, or a weight, fixed to one end of
a wire, and a light ball at the other end of
it, with a fpring catLh to be made to let go
its hold, when the dlfcharcre of a battery is
wanted. Such an one is ddapted to the prefent -
machine, and is fixed, by a cramp-iron and
crew, upon the table on which the elec-

trical
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trical apparatus is placed, at the diftance of
about fixteen or eighteen inches from the
place where the dilcharge is to be made, fo
that no part of it be fo near to any part of
the apparatus that is eleéirified, as to fteal
away, or difperfe any part of the charge. The
{pring-catch is let loofe by a ftick of glafs in
the hand, fo that there i1s no danger of be-

ing affeCted by the ftroke.

Plate g, fig. 1, Thews this piece of appara-
tus, or fixed difcharging rod. A, is the foot
of it. B, i1s a ftrong piece of glafs, fixed in
a wooden focket, which {crews into the foot A4,
to infulate the upper part of it. C, i1sa cap
of box-wood, with a focket in it to be put
upon the top of the infulating glafs B, equal
in height to the prime conductor of the ma-
chine. D, is a piece of ftout wire, bent to
a right angle, which goes through a hole in
the cap C, and turns freely in it. 'The wire E,
with 1its ball at one end, is {crewed into the
end of the ftout wire D; the wire E, together
with 1ts ball, 1s about fixteen inches long.

The wire F, has a ball of lead fixed to one
end
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end of it, the other end is fixed to the end of
the ftout wire D, at the back of the cap C,
nearly at a right angle with the wire E. To-
wards the lower part of the cap C, 1s fixed to
it, the {pring-catch @, which has a hole in it
at b; the wire D, has a pin fixed 1n it at ¢,
which projetts a little way out at the back-
part of it, {fo as that when the wire F, is put
perpendicular, the wire £, will be nearly ho-
rizontal, and the pin in D, will catch into the
hole at b, in the {pring catch a. When the
{pring a, is prefled back, the pin ¢, will let
go its hold, and the ball on the wire F, fal-
- ling downwards, will throw the arm, or wire F,
upwards, {o as to pafs by the prime conduttor,
or any other part where the difcharge is de-
figned to be made, at a certain diftance from
it, and make the difcharge of a battery, &c.
At d, 1s a wire, one end of which goes into
the cap C, far enough for the ftout wire D,
to reft upon it as it turns, on making
the difcharge, in order to make the me-
talic communication complete through the
cap C: the other end terminates in a ring:

through this ring goes the wire G, with
the
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the ball on its upper end refting upon the
ring, and moves freely in it: on to the lower
end of the wire G, 1s {crewed one of the fcrew
forceps, which receives one end of a wire, that
is to be tried what force, or charge, it will
bear before it will be melted, or deftroyed.

Fig. 2, is a lump of lead, which is put any
where upon the metalic covering on which
the bottles of the battery ftand: a hole is
made in the lump of lead to receive one end
of a wire, to the other end of which, is
fcrewed the other f{crew forceps, which holds
the other end of a wire, as the former.

Fig.

In Mr. Adams’s firft edition of his very ufeful Effay on Elec-
tricity, in the contents of the book, Chap. XVI. he fays, M,
Brooke's Eleflrometer deferibed, but 1 cannot perceive how any per-
fon who had not feen my cletrometer, could make out any thing
of what mine is, either from what is given in that work plate g,
fig. 96, and g7, or by what is there faid concerning it. That
which 1s reprefented by fig. 96, is of the Gentleman’s invention,
mentioned in the preceding notes, which, he was fo obliging as to
thew to me, when he had nearly finithed it, and which he after-
ward told me he had prefented to Mr. Adams: who mighe be un-
der an injunction not to add the inventor’s name to it. ‘The arms
on that reprefented at fig. 97, have a refemblance to two of the

arms
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Fig. 3, 15 a piece of glafs fixed into a
wooden handle," to prefs back and difengage
the {pring-catch before-mentioned.

arms on mine, but the method there given to graduate the upper-
moft arm, is very different from the method that T ufed to gra-
duate mine; nor 1s that method, in my opinion, fo accurate; for
unlefs, in that method, the weights that are to be laid upon the
ball be put exactly in a line over the points of fufpenfion, the gra-
duations muft be very irregular. In the method I ufed, no fuch ir-
regularity can arife, if any tolerable care be taken about it. In the
third edition of Mr. Adams’s Book, this article is wholly left out
in the table of contents, and only noticed in the index to the
worlc; where it is faid, under the article ELECTROMETER, #ew one
Sfimilar to My. Brooke's: but the fimilarity, there {pecified, feems to
remain the fame as it was in the former editions, both in the plates
to the work, and in what is there faid about it,
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MISCELLANEOUS EXPERIMENTS

0 N

ELECO RIIBECET Y.

EXEPERIMENT I

- ITH a battery of nine bottles, con-
taining about f{ixteen {quare feet of
coated furface, charged to thirty-two grains of
repulfion, which charge was fent through a piece
‘of fleel wire twelve inches long, one hun-
dredth of an inch thick, eleven times, when
it was fhortened one inch and a half, being
then about ten inches and a half long; the

twelfth time, the wire was melted to pieces.
E2 EXPERIMENT
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EXP ER BME NAT il

A charge, with the fame nine bottles, to
thirty-two grains of repullion, being fent through
a piece of fleel wire twelve inches long and
one hundred and feventieth of an inch thick,
the firft time melted the whole of it into
imall globules.

EXPERIMENT IIL

A charge of the fame nine bottles charged
to thirty-two grains, being {fent through a piece
of brafs wire twelve inches long, one hun-
dred and {eventieth of an inch thick, the whole
of it was melted, with much {moke, almoft
like gunpowder, but the metallic part of it af-
ter 1t was melted, formed itlelf, in cooling,
chiefly into concave hemifpherical figures of
various fizes.

EXPERIMENT - IV. |
With only eight of the above bottles charged
to thirty-two grains, the charge did but juft

melt twelve inches of the flee/ wire one hun-
; dred
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dred and feventieth of an inch thick, fo as to
fall into feveral pieces, which pieces in cool
ing, formed themlielves into oblong lumps
joining to each other by a very {mall part of
the wire between each lump, which was not
melted enough to feparate, but appeared
like oblong beads on a thread at diflerent
diftances.

EXPERIMENT V.

The fame eight bottles charged to thirty-
two grains, fo perfectly heated twelve inches
of brafs wire, about one hundred and feven-
tieth of an inch thick, as to melt it, or
foften it enough for it to fall down by its
own weight (from the forceps with which it
was held at each end) upon a fheet of paper
placed under, to catch it; and when 1t fell
down, it was fo perfectly flexible, that by
falling, it formed itfelf into a bent, or rather,
vermicular fhape, and remained  entire its
whole length, 1. e. about twelve inches when
it was put into the forceps; but after it was

fallen on the paper, 1t fagged fo much . as to
be
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be flretched by its own weight from twelve to
about fifteen inches long; and by falling on
the paper it flattened itfelf the whole length
of it, that when it was examined with a half
inch magnifier, 1t appeared about five or fix
times broader than it was in thicknefs.

EXPERIMEN TS Vi,

With nine bottles again, charged only to
twenty grains, the charge was fent through
twelve inches of flee/ wire, one hundred and
{eventieth of an inch thick, which heated it
enough to melt 1t, {o as to be feparated in
many places; and the pieces formed them-
felves into ftrung-bead-like fhapes as in Ex-
periment 4.

EXPERIMENT VI

With the fame nine bottles charged to twenty
grains, the charge was fent through ten inches
of brafs wire one hundred and feventieth of
an 1nch thick, the wire was heated fo red
hot, as to be very flexible, yet, it did not fe-
parate, but was fhortened near three eighths
of an inch.
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REMARK L

In the feventh experiment, the charge was
not {lrong enough to heat the ten inches of
brafs wire, {o as to be {ufficiently fofiened, that
it might ftretch as in Exp. 5, but the flexibi-
lity was very plain, by its being made nearly
ftraight by the {trcke.

EXPEEIMENIT. VL.

A charge of nine bottles, charged to
twenty grains {fent a fecond time through the

laft piece of wire, melted it afunder in three
places.

REMAR K11L

The nine bottles charged to only twenty
grains, in Exp. 6, 7, 8, feem to be of nearly
the {ame power as eight of them charged to
thirty grains, as in Exp. 4 and 5, but not
exattly fo, in Exp. 7, where the wire was
brafs, as in Exp. 5, the quantity of coated
furface was one ninth more than the fifth Ex-
periment, though the charge was not {o high

by
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by one third, which is a great difproportion;
but the length of the wire was lefs by one-
{ixth, which brings it much nearer; as will be
explained aiterward.

EXPERIEMNENT &1X.

Nine bottles charged to thirty grains and the
charge {ent through twelve inches of" brafs
wire, one hundred and feventieth of an inch
thick, treated 1t nearly as in Exp. 5, except
that 1t was feparated in two places, and the
pieces meafured about fixteen inches and a
half long; but perfeftly flattened by its fall on
the paper, as before.

EXPER BMENTAH X,

Nine bottles charged to thirty grains,” and
the charge being fent through eight inches
and a half of brafs wire the fize of the laft,
Whﬁll}’ difperfed 1t 1 {moke, and left nothing
remaining to fall' on the fheet of paper,
placed under it.

REMARK
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REMA R K | IIL

Experiments the ninth and tenth {feem to
fhew, that fomething very confiderable is fu-
perinduced or avoided, by the wire being
longer, or fhorter, with refpect to its deftruc-
tion, or prefervation, fee Remark 2.

EXPERIMENIT, XI.

With twelve bottles, charged to twenty
orains, the charge was fent through ten inches
of fleel wire, one hundredth of an inch thick,
which made the wire red hot, but did not melt it.

EXPERIMENT 'XII.

A fecond charge, the fame as the laft, was
fent through the fame piece of wire which
heated it red hot as the firft did, but it was
not feparated; this piece of wire was now
thortened five fixteenths of an inch.

EXPERIMENT XIIL

A charge, to twenty-five grains, with the
fame twelve bottles, was fent through the
F laft
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laft piece of wire, which melted it into
many pieces, and many globules of calcined
metal.

EXPERIMENT XIV.

A charge of fifteen bottles, charged to twenty-
five grains, was fent through ten inches of
fteel wire one hundredth of an inch thick,
which melted it the firft time, and difperfed a
great part of it about the room.

EXPERIMENT XV,

A charge with the laft -fifteen bottles,
charged to twenty grains, juft melted ten
inches of fleel wire, the fize of the former,
fo as to run into beautiful globules, nearly as
nExp. 13.

REMARK: IV

This laft Experiment fa nearly refembles
the 13th, that, exclufively of the wire having
received two f{trokes before they perfeétly
agree. In this laft experiment, the quantity of
coated furface was one fifth part more than

in
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in the former, but the height of the charge
was one fifth part lels: 1n the former, the height
of the charge was one fifth part more, but the
quantity of coated furface was one fifth part
lefs than the latter; fo that the deficiency on
one {ide, in either cafe, 1s made up by the
excels on the other.

EXPERIMENT . XVI.

A charge of fifteen bottles, charged to fif-
ten grains, being fent through ten inches of

fleel wire, the fize of the laft, it was barely
made red hot; but it was {hortened one-tenth

of an inch, by the ftroke pafling through it.

EXPERIMENT. XVII

The laft piece of wire having a charge of
fifteen bottles, charged to twelve and a half
grains, {ent through it, did not make it red hot.

EXPERIMENT, XVIII.

A charge of the fame fifteen bottles, charged
to twenty-five grains was {ent through the
fame piece of wire, which, feemingly, tore

the wire into fplinters.
F 2 REMARK
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REMARK V.

This wire did net run mnto globules when
it was feparated, as m Exp. 15. The hve
crains, in this laft, above the former, feem to
have made the charge {o flrong, as to aft upon
the wire inftantaneoufly: whereas, in molt of
the experiments, where the wire was melted
intc globules, the heat does not arrive at its
height fo rapidly; but its progrefs is often fo
flow as to make it very plealing when the
fulion comes on.

EXPERLMENTF X1,

Four bottles, charged to thirty grains, juft
melted three inches of fieel wire, one hundred
and feventieth of an inch thick, o as to fall
Into  pieces.

EXPERIMENGE, XX

Five bottles, charged to twenty-five grains,
molt beautifully melted three inches of fuch
wire as the laft, into large globules.

REMARK
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& EM ARK VI

The four bottles did not do quite fo much
as the five, in the two lalt experiments, al-
though they were charged higher: the charge
of the former was higher by one fixth part
than the charge of the latter, but the quantity
of coated furface in the five was one fifth more

" than in the four, {o that the increale of fur-

face in the five was fomething more in pro-
portion than the increafe of charge in the
four. It is very probable that if the four
bottles had been charged a {ingle grain higher,
their effect might have been equal to that of
the five.

EXPERIMENT XX

Eight bottles, charged to fifteen grains, melted

three inches of flee/ wire one hundred and
feventieth of an inch thick, fimilar to the

five in the laft experiment; fo nearly alike
both in appearance and effeét, that it might
have been faid to be the fame.

EXPERIMENT
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EXPERIN BN XX

Ten bottles charged to twelve and a half
grains, rather exceeded Exp. 19, but {carcely
came up to Exp. 20, and 21.

EXPERIMENT XX

Sufpecting fomething in Exp. 19, I found,
that though my bottles hitherto, were as nearly
of the fame fize as I could procure them, yet,
fome of them were a little larger than others,
and, which was the cafe in Exp. 19, one of
the four was fmaller than the other three, fo
that I repeated the experiment with four bottles
more €qual in fize, and charged them to thirty
grains, and the fufion was as perfet as in
any.

REMARK VIIL

In Exp. 22, there were two {mall bottles
amongft them: one of thele fmall ones, was
rather larger than the other; had I taken care
to adjuft the increafe and decreafe of charge,

exaltly in proportion to the augmentation and
diminution
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diminution of furface, the laft five experiments
probably would have been, both in appear-
ance and efle(t, {fo much alike as {carcely to
have been diftinguifhable.

EXPERIMENT ' XXIV.

A charge to thirty grains with the fame four
bottles as in Exp. 19, was fent through a piece
of fleel wire fix inches long and one hun-
dred and feventieth of an inch thick; but
it would not melt the wire this length; it was
but barely made red, or rather of a purplifh
red. -

EXFERIMENT ' XXV,

A charge to twenty-five grains with the
fame five bottles as in Exp. 20, affefted fix
mches of wire like the laft, very nearly in the
fame manner, as in the preceding experiment.

EXFERIMENT XXVI,

A charge to fifteen grains with the fame ‘
eight bottles as in Exp. 21, only heated fix
inches of wire like the laft, juft as in Exp. 24.

"REMARK
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REMARK VIIIL

The power of the charge in either of the
three laft experiments {feems to be almoft
alike, and the only apparent caufe why the
wire was not melted as in Exp. 19, 20, 21,
was the difference in the length of the wires,
fee Remark 2 and 3.

EXPERIMENT XXVII

A charge to twenty grains, with the laft
eight bottles, very finely melted {ix inches of
Sfleel wire one hundred and feventicth of an
inch thick.

EXPERIMENT XXVIIIL

With two bottles, charged to forty-five grains,
the charge was fent through one inch of fuch
fized fleel wire as the laft, which only changed
its colour,

REMARK IX,

The changing of the colour in the laft

experiment feems to fhew that the charge
pafled
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palled chiefly through the wire, as the fpark,
or light of the charge was not vilible at the
wire, although the ends of the forceps were
fo near to each other.

EXPERIMENT  XXIX,
Three bottles, with a forty grains charge

difperfed one inch and a half of ﬂﬁﬁf wire, the
{ize of the laft, all about the room.

EXPERIMENT XXX,

As a fleel wire of one hundredth of an inch
thick has nearly double the quantity of metal
of a wire one hundred and {eventieth of an
inch thick, fo I took three inches of the former,
and fent a twenty-five grains charge with ten
bottles through it, which melted it, juft as the
five bottles did in Exp. 2o0.

EXPERIMENT XXXIL

Twenty bottles charged to twelve grains and
a half, melted three inches of flee/ wire, the
fize of the laft, exactly fimilar to the foregoing
experiment.

G EXPERIMENT
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EXPERIMENT  XXXIIL

As a fleel wire of one eightieth of an inch thick
contains nearly twice the quantity of metal in
the {ame length as a flee/ wire of one hundreth,
or four times the quantity of a flee/ wire of one
hundred and feventieth of an inch thick, fo it
might, from the foregoing experiments, be
expelted that twenty bottles, charged to twenty-
five grai'ns, would melt three inches of fleel

wire one eightieth of an inch thick, but on a
great many trials twenty bottles could not be

procured that would bear the difcharge, when
charged to twenty-five grains; for at the dif-
charge there would be always one, or more bottle
or bottles broken, or perforated. I was now re-
duced to the neceflity of being content with
getting bottles of any fize that would bear the
required charge, from one to three gallons
each, or that contained from. about one hun-
dred and fifty, to three hundred, or more,
fquare inches, of coated furface, each; but all
in vain, my only refource left (as I was not
near any glafs-houfe) was, to increale the

quantity of furface, and not to charge fo high,
and
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and to proportion the one to the other, [fee
Remark 6,] a third part was concluded on to
be tried, that is, inftead of about thirty- fix feet
of coating, I added one third, or, twelve feet,
which made it forty-eight feet: and that, inftead
of charging to twenty-five grains (or twenty-
four grains) which divides by three better, to
omit one third of the height of the charge,
which leaves fixteen grains, and thus I fuc-
ceeded perfectly well; for three inches of fleel
wire one eightieth of an inch thick was as cu-
rioufly melted with forty-eight feet of ccated
furface, charged to fixteen grains, as any of
the former#*.

REMARK X,

Thefe bottles, thus broken in large dif=
charges, {eem always to break, or to be firuck

* The deftruction of fo many bottles in the laft experiment fo
much altered the battery, which hitherto was not fo commodious
as could be wifhed, that I refolved to make the arrangement anew,
and in the order, mentioned in the introduction to the work, by
which any fingle bottle or any number of them may be difengaged

very readily without removing any of the other, and in this form
it has been continued.,

G2 through,
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through, nearly in the thinneft, but never in
the thickelt place, which fhews the neceflity
of fubftance in the glafs. [See ‘introdulion
to the work. ] |

EXPERINMENTE XXXIIL

As in Exp. 19, and 21, where the former 1s
but half the quantity of coated furface of the
lattérE charged to thirty, and the latter to hf-
teen grains, to know how high forty-eight
feet of coating muft be charged to produce
the fame effe&t exactly: and as the quanﬁt}r
of coating in four bottles, confifting of a little
" more than {ix feet and a half, 1s contained n
forty-cight feet a little more than feven times;
{fo I tried by charging forty-eight feet only to
a little more than four grains, or only about
one feventh part fo high, as four times feven is
twenty-eight, that 1s, but two lefs than thirty,
and this had exactly the fame eflett on the wire,
which was one hundred and feventieth of an
inch thick, and three inches long, as the former.

EXPERIMENT
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EXeRFsRJIMEN T, XXXIV.
" As the laft experiment agreed fo exallly
with-Exp. 19 and 20, the next thing tried
was, to fee the effect of forty-cight feet of
coated furface charged to a little more than
four grains, upon {ix inches of fleel wire, the fize
of the laft; but this was only made very faintly

red.
EXPERIMENT . XXXV.

A repetition of the laft experiment with the
fame length of the fame wire, to fee how often
the fame charge might be fent' through before
it would be melted, and to obferve the ap-
pearance of the wire after each flroke. The
eighth ftroke melted it into feveral pieces.
After the firft firoke the rednefs grew lefs every
time, even the laft time, when it was {eparated.
The firft firoke though little more than
fairly red, made 1t {o flexible, that by a
little more than its own weight, (about a
penny-weight more) it was apparently made
perfectly ftraight when it was cooled: about
R0 the
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the third or fourth firoke it began to appear
zigzagged; after the fixth {troke the furface of
it appeared rough; after the feventh firoke the
furface was very roughly fcorified, or fcaly;
and fome of the {cales had fallen off upon a
piece of white paper, placed under it, atabout
half an inch diftance below it. The eighth
ftroke melted 1t in three places, and at thofe
places where the angles appeared the fharpeft,
or moft acute; a great number of the {caly
appearances were driven off about the paper,
which appeared like fplinters, [fee Exp. 18.]
fome of them were almoft one tenth of an inch
long, and {fome of them about a third or a fourth
part of the diameter of the wire in breadth,
and very thin: after the feventh ftroke it was
{hortened feven fixteenths of an inch: the
wire was one hundred and feventieth of an

inch thick,

EXPERIMENT XXXVI.
Repeating Exp. 34, again, with the {ame
fize, and length of wire, and the fame battery

charged the fame, in order to obferve the me-
thod
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thod of the wire fhortening, having fixed an
infulated gage parallel to, and about a quarter
of an inch diftant from it: after the firft
flroke, which made the wire fairly red, (it be-
- ing fixed at one end, that the thortening might
appear all at the other, which was held {o as
either to contraét or dilate) I obferved that it
{hortened confiderably as it cooled; repeat-
ing the ftroke, it did the fame, and {o on till it
was melted, which was by the eighth firoke, as
before. At the mftant that the firoke paffed
through the wire it appeared to dilate a little,
and after it was at its hoteft, it gradually
contrafted after every ftroke as it cooled,
about one fixteenth of an inch each time,
the dilating was {o very little, as to bear but a
very fmall proportion to its contraction, and
fometimes it was doubtful whether, or not, it
did dilate at all; but after all the obferva-
tions it appeared oftener as if it did dilate,
than as if it did not,

- EXPERIMENT
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EXPERIMENT :XXXViI.

The fame battery with forty-eight feet of
coated furface charged to fix grains, melted
fix inches of fleel wire one hundred and fe-
ventieth of an inch thick, the moft plealingly
into the fieft flrung-bead fhapes that I have
hitherto oblerved.

EXPERIMENT XXXVIIL

The fame forty-eight feet battery, charged
to feven and a half grains, very finely melted
twelve inches of fleel wire the fize of the lait.

EXPERIMENT XXXIX.

The {fame forty-eight feet again, charged to
fix grains, would not make twelve inches of
wire like the laft, red hot.

EXPERIMENT, XL,

The fame forty-eight feet negatively charged
to a little more than four grains, melted three
inches of fleel wire, one hundred and feven-

ticth
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ticth of an inch thick the fame as the pofitive
charge did in Exp. 33.

EXPERIMENT: . XL

.The fame battery of ferty-eight feet of
coated furface, charged to a little more than
eight grains, melted three inches of flee/ wire,
one hundredth of an inch thick. This is very
nearly in proportion to Exp. go, but here
the charge was negative, and the fufion was
the moﬁ-pleaﬁng of any I have hitherto had:
probably owing to the charge, by chance, hap-
pening to be {o well adjulted as to be exactly
{fufficient to melt the wire and no more: it
held hot the longeft, and the fufed metal
ran into the largelt globules: probably the
length of the time that the heat continued,
was owing to the charge being juft fufficient,
and to the {ize of the lumps that the fufed metal
formed itfelf into.

RIEM A R K XI.

The ten bottles m Exp. g0, were of fuch
a fize that the contents of their coated fur-

H face
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face was very near one third part of forty-
eight feet, equal to the contents of coated fur-
face in the battery ufed in the laft experiment,
that 1s, about eighteen feet, but the charge of
the former being two thirds higher, made
their effect fo very nearly equal.

EXPERIMENT XLIL

Forty-eight feet as 1n lall experiment, charged
to nine grains, melted eighteen inches of
Jfleel .wire one hundred and feventieth of an
inch thick; 1t was melted at both ends into
globules, and {trung-bead fhapes about four,
or five inches at each end, but there remained
about nine inches unfeparated in the middle
part of the wire, the ends of it were clearly
made much hotter than the middle, which
was made only fairly red, and cooled very
foon; neverthelefs, 1t was fo heated, as to
calcine, or {corify, the outfide of the wire
the whole length that remained unfeparated;
and when it was taken up, by handling, it
bent angularly, and at every bending, the
calcined, or {corified, metal broke away and

fell
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fell off, leaving the internal part of the wire quite
perfect, except that it was much diminifhed
by the {corification; but whilft in the hands,
it appeared, between the bendings, to be en-
larged, about one third part in thicknefs.

EXPERIMENT XILIII.

A  repetition of Exp. 1, with twelve
inches of fleel wire, one hundredth of an inch
thick, but with this difference, that, as then I
ufed only nine bottles, containing about fix-
teen {quare feet of coated furface charged to
thirty-two grains, I here ufed eighteen bottles
containing about thirty-two {quare feet of
coating charge dto only fixteen grains. This was
done, to obferve the progrefs of the deftruc-
tion of the wire, as in Exp. g5, as well as to
prove the fumilarity of the effect. The wire
being the fame fize, fort of metal, and length,
as recited juft above; the firft flroke made it
fairly red hot the whole length of it with
fmoke and f{mell, changed its colour to a
kind of copperith hue, and fhortened it confi-

derably; the {econd ftroke made it of a fine
H 2 blue,
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blue, but it did not appear red, and fhort-
ened 1t more; at the third ftroke, it became zig-
zagged, many radii were very vilible at the
bendings, and continued to fhorten till the
eleventh ftroke, when one of the bottles in
the f{econd row of the battery was ftruck
through, the fralture was covered over with
common cement®, its place f{upplied /by
changing place with one in the third row,
fuppoling the mended one to be the weakeft,
[{ee the introduétion to the work] and thus,

with the battery in this f{tate, I made the
twelfth ftroke, which feparated the wire, as
in Exp. 1, but this wire was fhortened only
one inch,

* This cement is very cheap and ealily made, as follows: take
cight ounces of fpanifh white, heat it very hot in an iron ladle, to
evaporate all moifture, and when cool, fift it through a lawn fieve,
then add three ounces of pitch, three quarters of an ounce of rofin,
half an ounce of bees-wax, heat them altogether over a gentle
fire, till the mixture is pretty hot, frequently ftirring it, for near
an hour; then take it off the fire, continue the ftirring till it grows
cool, and it is fit for ufe.

REMARK
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REMARK ,XIIL

The cealing of the appearance of the wire
being heated red hot after the firft firoke,
feems to be owing to the firft flroke, in its pal-
fage, calcining the outfide of the wire to a
certain depth or thicknefs, which calcination
remaining upon the wire, conceals the red-
nefs at the fecond and fucceeding ftrokes. In
Exp. 42, 1s a fufficient proof of the calcining the
outer furface of the wire when 1t only appears
fairly red hot: in that experiment 1s a proof
of various degrees vof heat, produced at the
fame time, from perfect deftruétion of the wire
ta.dts appearing only fairly red hot.  What
advantage fuch experiments- as this may be
of, in determining the: direction of the elec-
tricity, time and perfeverance may fhew.

BEXEERI MEN TH XLIV.

A repetition: of Exp. 43, with the fame
eighteen bottles, charged the fame, and a piece
of wire the fame length and fize; relative to
the wire being heated red hot the firft time

' and
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and not after, till the twelfth firoke, when it
was melted. The firlt firoke made it red hot,
and produced much {moke, as before, but no
{moke or rednefs at the fecond ftroke; after
the firft ftroke it was of a copper colour,
but of a fine blue after the fecond, and be-
gan to be zigzagged, it was likewife fhort-
ened one tenth of an inch, by thefe two
ftrokes.

EXPERIMENT: XLV: _
With the laft eighteen bottles charged to

‘twelve grains, the charge was {ent four times
through ten inches of brafs wire, one hundred
and fixtieth of an inch thick; the fifth ftroke
feparated it, and fhortened 1t thirteen fix-
teenths of an inch, 1t was allo made red hot
by every {troke.

EXPERIMENT XLV

A twelve and a half grains charge with
eighteen bottles, fent through three inches of
Sleel wire, one hundred and twentieth of an

inch thick very finely melted it.
EXPERIMENT
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EXPERIMENT XLVIIL

A twelve and a half grains charge with forty-
eight feet of coated furface was made to. pafs
through three inches of brafs wire, one hun-
dred and twentieth of an inch thick, which
juft heated it red hot enough to fall into fe-
veral pieces.

REMARK. XIII.

From the two laft experiments it appears, that
a brafs wire, of the fame length and {ize of a flee/
one, will bear a charge one third part ftronger. -

EXPERIMENT XLVIII.

A charge of eighteen bottles, or about thirty-
two Iquare feet of coated {urface, charged to
ten grains, fent through three inches of fieel
wire, one hundred and twentieth of an inch
thick, heated it fairly red hot.

N RERIMENT "XLIX.

The fame eighteen bottles charged to eleven
grains, the charge being fent through the
forme



6 EXPERIMENTS @GN ELECTRICITY.

former piece of wire, melted it into feveral
pieces; but thofe parts that remained in the
form of wire were very much fhivered as in

Exp. 18, and 35.
EXPERIMENT T

The laft eighteen bottles charged to eleven
orains, and the charge {ent through three
inches of fleel wire the fize of the laft, heated
it very red hot, but did not feparate it.

EXPERLMENT 3 L

A charge of forty-eight feet, to eleven
grains, heated three inches of brafs wire, one
hundred and twentieth of an inch thick red
hot, but would not {feparate it, for it remained
whole in the forceps after the {troke had paf-
fed through; but it was {fo very near being fe-
parated by the ftroke, that it parted on letting
it out of the forceps: the ftroke {hortened the
wire one twentieth of an inch,

REMARK
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RAE N & R ESIXIV.

The two laft experiments prove what is ad-
vanced in Remark 12, but the brafs wire does
not appear to {corify with the firoke fo much

as uron or ficel.

EXPERIMENT: LIL:

A charge of forty-eight fect to eight grains
fent through three inches of copper wire, one
hundred and feventieth of an inch thick, feven
times, made it zigzagged, but not much fhorter,
the eighth firoke feparated it at one end,
clofe to the forceps which held it, but it did
not appear to be made {enfibly red hot at
all, notwithftanding it muft have been often
fo at the place where it was melted: which
fpace was fo very {fmall as barely to be per-
ceptible, like as when a point is fet upon any
flat {furface of won, and a firoke from a pound
phial being fent through, both the point and
the flat {urface where the point refted, if ex-
amined with a magnifying glafs, will be found
to have been melted, and a {peck may be feen;

I but



3 EXPERIMENTS ON ELECTRICITY.

but the rednefs of the metal will {carcely be

vifible.

REMARK XV.

As obferved in the laft experiment with a
point and a pound phial, I have often melted
holes in a thin fheet of lrafs, fuch as thofe
from which grain weights are cut.

EXPERIMENT " LIII,

A repetitition of the lalt experiment, only
adding two grains to the charge, that is, ten
grains, inftead of eight, as in the laft, with a
piece of copper wire the fame length and fize,
which was, by the charge, difperfed all about
the room.

EXPERIMENT LIV,

A charge of forty-eight feet to twelve grains,
lent through three inches of copper wire, one
hundred and fortieth of an inch thick, heated

it red hot, ehough to {eparate it in feveral
places.

EXPERIMENT
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EXPERIME NI LV,

A repetition of the laft experiment, with
the fame fuccefs, every circumftance being
alike both in the wire and the charge.

EXPERIMENT LVL

A charge of forty-eight feet to fix grains
fent through three inches of flee/ wire, one
hundred and feventieth of an inch thick, dif-
perfed the whole of it in red hot globules
about the room.

REMARK XVL

The additional refiftance that 1s made, to
the eleétrical ftroke, by the additional length of
~a wire, as obferved in Remark 3, very plainly
appears in this laft experiment; and the ob-
fervation feems to hold good either with
large or fmall quantities of coated furface.

EXPERIMENT LVII..

A charge of forty eight-feet to five grains,
fent through three inches of flee/ wire, one

I2 hundred
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hundred and fortieth of an inch thick, heated
it red hot fo that the furface of the wire was
{corified its whole length; it did not melt it
into pieces, but fhortened it one twentieth of
an inch.

EXPERIMENT LVIIL

A charge of forty-eight feet to fix grains,
and fent through three inches of flee/ wire
one hundred and fortieth of an inch thick,
melted it into fine globules.

REMARE XVIIL

Hence it appears that a piece of copper
wire, the fame fize and length, will bear twice
the charge that a flee/ wire will, [{ee Experi-

ment 54. |
EXPERIMENT  T.IX{

A repetition of the laft experiment having
every circumitance alike, and the effet was
the fame : this repetition was only to afcerl:am
the fatt more fully.

EXPERIMENT
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EXPERIMENT -LX.

A charge of forty-eight feet of coated fur-
face to between ten and eleven grains was
{fent through three inches of fleel wire, one
hundredth of an inch thick, which juft melted

it {o as to feparate.

REMARK XVII.

Hence it feems as if a copper wire of one
hundred and fortieth of an inch thick, would
bear as great a charge as a flee/ wire of double
the fize and equal in length; or that the cop-
per wire would be' Mther the fafelt.

EXPERIMENT  LXI.

A charge of forty-eight feet, charged to
twelve grains, being {ent through one inch
and a half of jflee/ wire, one hundredth of
an inch thick, the wire was difperfed all
about the room.

EXPERIMENT LXII

The {fame charge as the laft was fent through

one inch and three eighths of copper wire one
hundred
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hundred and fortieth of an inch thick, but the
charge did not {eparate 1it.

REMARK XIX.

Now it feems to be confirmed, that a copper
wire of almoft any length and fize, will be
equally fafe as a fleel wire of the fame length
and double the fize. And this wire not being
melted as in Exp. 54, the charge and furface
being equal, feems to be owing to the forceps
being too near, for the whole of the charge
to pafs folely by the wire, as in Exp. 28.

Hitherto it may appear as if more attention
had been given to the differentfizes of wires (and
the forts of metal) than to the length of them; but
the knowledge of the latter, is as fatisfactorily
obtained, as the former, from the fame ex-
periments; for it appears from Experiments
the 2d, 19th, and 21ft, that a certain quan-
tity of coated furface charged to a certain
heighth, will melt a wire of a certain fize
and length of a certain metal. It appears

likewife, from the fame experiments, that
double
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double the quantity of coated furface, charged
to the fame height, will deftroy four times
the length of the fame wire; as the length
of the former, was four times that of the
latter, and the ,Q11;111tity of coated {urface
in the former, was about double that of the
latter; but the charge was nearly equal in
both. Or the obfervation may be changed,
thus, that, as already obferved, a certain quan-
tity of furface, charged to a certain height,
will melt a wire of a certain fize and length
of a certain metal; {o it appears from various
other experiments, that the fame quantity of
~{urface, charged twice as high, will do the
fame execution, as twice the quantity of fur-
face charged half as high.

BE M A RK XX *

At Experiments g3 and g4, let the mean
of the length of the wires, in the two expe-
riments, be taken; and it will agree, as near
as poflible, with Exp. 42, in the fame pro-
portion as the foregoing. In Exp. 33, the
wire was three inches long, but it was all

melted
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melted. In Exp. 94, the wire was {ix inches
long, but none of it was melted. Now the
mean length of the wires in the above two ex-
periments 1s four inches and a half; which is
juft equal to one fourth part of the length of
the wire in Exp. 42: and combining thofe
three experiments, the effect 1s produced as in
experiments the 2d and 21ft. And when-
ever thefe experiments fhall be repeated, with
the like apparatus, I am inclined to think
that the refult will be found very nearly the
{ame.

EXPERIMENT . LXIII.

A charge of forty-cight feet, to five grains,
fent through three inches of lead wire, one
fixty-fixth of an inch thick, melted it into
many different pieces, and lumps of lead.

EXPERIMENT LXIV.

A charge of forty-cight feet to four
grains, melted three inches of lead wire, one
fixty-fixth of and inch thick, afunder, in three

different places.
EXPERIMENT
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EXPERIMENT: LXV.

A charge rlikﬂ the laft was fent through
hix inches of lead wire like the laft, which only
melted it afunder about the middle of it.

EXPERIMENT /| LXVI.

A charge of forty-eight feet to eight grains
was fent through three inches of lead wire
one fifty-fixth of an inch thick, which melted
it Into many pieces.

EXPERIMENT  LXVIL

A charge like the laft was fent through
fix inches of lead wire the fize of the laft,
which only melted it afunder in one place
near the middle.

REMARK XXI.

As a fleel wire of one fifty-fixth of an inch
thick appears to contain nearly four times as
much metal in the fame length as a wire of
one hundredth of an inch thick; and as it
todk a charge of about eight grains with forty-

K cight
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eight feet of coated furface, to deftroy three
inches of the latter; [Exp. 417 fo it appears
that a flee/ wire would be four times as effec-
tual againil the eletricity or lightning, as a
lead wire of the {fame length and fize.

EXPERIMENT LXVIII.
A charge of ten grains, from forty-eight
feet, fent through three inches of /lead wire,

one fiftieth of an inch thick, made no {fenfible
alteration 1n it.

EXPERIMENT LXIX.

A charge of forty-eight feet, to twelve grains,
fent through three inches of {uch lead wire
as the laft, melted it into {everal pieces.

EXPERIMENI] 1LXX

A charge like the lalt was fent through fix
inches of {fuch wire as the laft, which only
melted it alunder in one place.

EXPERIMENT
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EXPERIMENT I LXXI,

A charge of forty-eight feet, to f{ixteen
grains, was fent through fix inches of lead
wire, one fhftieth of an inch thick, which
melted it into many pieces.

EXPERIMENT (LXXIL

A charge of forty-eight feet, to fifteen
grains, was fent through fix inches of wire like
the laft, which did not {eparate it, but made
it {moke.

EXPERIMEN T EXXIII,

A charée like the laft was fent through the
Jalt piece of wire a fecond time; which melted
it into feveral pieces.

REMARIEK"  XXII

The law by which wires refift deftruétion, in
proportion to the thicknefs of the wire, does not
{eem to be fo equable, by much, in the lead, as
in the fieel wire. Fora charge of four grains, in
Exp. 64, melted three inches of lead wire, one

K 2 fixty-
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fixty-fixth of an inch thick: but it took a charge
of about three times that power to deftroy
three inches of lead wire one fiftieth of an
inch thick; which is about double the quan-
tity of metal in the {ame length as in that of
one fixty-lixth of an inch thick. | fee Exp. 69.]
Thus it is eafy to find, what different refiftance
a wire of any of the foregoing metals, of
equal {ize and length, will make to the elec-
trical firoke, or to lightning.

The length of the eleétric circuit, in which
the different wires were placed, in the fore-
going experiments, from the neareft part of
the infide, to the neareflt part of the outfide,
of the battery, exclufive of the length of the
faid wires, was about eight feet.

Notwithftanding the eafy deftrution of the
lead wire by the elettrical ﬂque; it {eems
oreatly to be doubted, whether any thunder
ftrokes happen in any place whatever, {trong
enough to deftroy a ftrip of lead four inches
broad and of the thicknefs of about eight pounds

to
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to the foot. Whence it may be prefumed,
that fuch a ftrip of lead may be perfectly fafe
for conductors through buildings of any kind
whatever: as it is not much f{ubje@t to decay
in any common expofure.

The moft remarkable inftance of the effe
of a thunder firoke, which ever happened in
the limits of my knowledge, was at a {table
belonging to the Rev. Dr. Sanby, at Denton,
about fourteen miles from Norwich; which
happened on the 28th of July 1775, at about
fix o’clock in the afternoon: where the gable
end of the ftable, which faced nearly weft,
was very much damaged; and on the top of
the gable, which was brick work, was fixed
a vane on an iron rod, whofe length was about
eight feet; and, for fleadinefs, it was wrought
up 1n the brick-work near three feet down. In
the roof of the ftable is a hay-loft; and about
two feet below the floor of the hay-loft, about
the middle, within the {table, into the
brick-work, was driven a large iron fpil{e;
and upon this fpike was hung a pair of iron

yangles,
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yangles*, as they are called. The firoke of
the lightning feems to have taken its paffage
by this pair of yangles as they hung, and the
rod of the vane; and in its paflage the yangles
were {o compleatly fixed, at the joinings of
the links, by being melted with the ftroke,
that the whole of the chain remained perfetly
fbff and ftraight, and adhered fo firmly toge-
ther, that the yangles were carried to the
blackimith’s to be fet loofe again, and made
fit for ufe. The rod of the vane, and the
vane itfelf, were wholly mifplaced, and never
yet were found any where, nor is it expected
now, will ever be found. Great part of the
bricks of the gable were thrown in various
direftions; fome of them were thrown over
part of the dwelling-houfe, which was confi-
derably higher than the ftable, to the diftance
of between eighty and ninety yards; [ which I
meafured by pacing the diftance: | many of the
windows of the dwelling-houfe, which was at

* A kind of fetters made of ftrong iron links, to fix on a horfcs
foot, to prevent them from running away or breaking palture.

about
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about twenﬁrfour yards diftance, were very
much broken. A man fervant, who was in the
ftable, was confiderably benumbed, but re-
covered himfelf in a few hours after. There
were, likewife, fome horfes in the {table, but
they received no hurt.

Hitherto, the ftate of the clouds and the
earth, i the time of thunder ftorms, appears
to be very far from being well afcertained.
But whoever has an infulated conduétor con-
tinued into a dry and clofe room, may find,
that changes in the air, or the rain, fnow,
or hal falling from the clouds, from nega-
tive to pofitive, and from pofitive to negative,
happen {o very often, that 1t does not appear
ealy to difcover the {tate of the earth at fuch a
time. Many of thefe changes may be obferved
to take place, by a pair of fmall cork balls,
fufpended on linen threads from the infulated
conductor, m the fpace of ten minutes; par-
ticularly when the clouds and the thunder are
near. When there is no thunder, or lightning,

but only rain, fnow, or hail, thofe changes
will
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will often be not more than twice, thrice or
four times during the whole time that the
cloud is pafling over, and fometimes only
once.

A little after five o’clock in the morning
of July 7, 1784, there happened a very vio-
lent ftorm of thunder and lightning at Bra-
merton, about four miles from Norwich,
which did confiderable damage at the dwelling-
houfe of Mr. John Gurney; where the light-
ning feemed to take its courle by a bell wire,
part of which was brals, and the other part
iron. That of iron was of the fize called
No. 21, and the brals No. 20, {fo that the
brafs wire was the thickeft; and 1t was melted
mto many pieces; thefe I picked up in differ-
ent rooms which it went through; but the bell-
wire being continued into a third room, and the
continuation being of iron wire, and fmaller
than the brafs one, the whole of it was dif-
perfed in {moke; a great quantity of which
adhered to the wainfcot of the room, and no-
thing elfe of the wire remained, except at the

ends
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ends where it was faltened to the bell-drags;
but there, the wire was double, being twifted
one to the other, and both the iron and brafs
remained unhurt. Thefe I preferved in order
to examine as to their {ize and weight. The
brafs wire, which was juft {eparated, being
the fize of No. 20, I procured a piece of iron
wire, the fame fize, and cut it three inches
and a quarter long, which then weighed fix
grains and {eventy-nine hundred and twenty-
eighths of a grain, nearly fix grains and five
eighths.

By calculating from the foregoing obfer-
vations, it appears that, for the iron wire to
have been equal in power againft the light-
ning to the brafs one, the fize of it muft
have been {o much larger that three inches and
a quarter in length muft weigh nearly nine
grains; which appears to be a little thicker
than that which i1s called No. 1g.

It has already been obferved that, double
the quantity of furface charged the fame, will

L deftroy
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deftroy four times the length of wire. [fee
Remark 16.]

- In Experiment g2, it plainly appears, that
forty-cight feet of furface, charged to fixteen
grains, melted three inches of flee/; or won
wire one eightieth of an inch thick; from
which, if the rule holds good, eight hundred
and fixty-four {quare feet of coated {urface,
charged to fixteen grains, fhould melt three
inches of won wire, equal in power againft
the lightning to the brafs one melted at Mr.
Gurney’s. And hence, prefuming the rule to
be good in all cafes, which I hope will be
tried, if Mr. Gurney’s wires had all been iron,
of the fize of about No. 19, or equal in
power to the brafs one, in preferving itfelf,
a charge of one thoufand four hundred and
forty feet of coated furface*® charged to fixteen
grains, having been made to pafs through their
whole length, which altogether was  about
forty feet, would have deftroyed them in the
fame manner as the lightning.

* A furface of about thirty-eight feet fquare.

The
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The following is an inftance which I never
happened of before, or ever repeated.

Two Gentlemen coming in, to {ee a piece
of wire melted by elettricity, I proceeded to
fhew it them, by fixing twelve inches of fleel
wire, one hundred and feventieth of an inch
thick, in the forceps, and then (luppofling the
eleftrometer and all other things ready placed)
to charge the battery, but the elettrometer did
not move:; neverthelefs I continued charging,
as I {uppofed; but flill the eleftrometer re-
mained as it was, although I had been charging
much longer than would have been neceflary;
contrary to my defign, which was to take a
{mall wire, that a {mall charge might be fuf-
ficient. Having been charging a long time, I
left off to look about the apparatus, in order
to fee if any thing was not right: as I was
looking, I found there was no communica-
tion to the eleftrometer, and heard a {mall
crackling in the battery, which convinced me
that 1t was charged. Accordingly I made the
difcharge, expetting nothing unufual; but the

L 2 wire
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wire was difperfed feemingly in a very violent
manner. The report was {o very loud that
our cars were ftunned, and the flath of light
{fo very great, that my fight was quite confufed
for afew feconds. The fingulanty of the ap-

pearances attending this experiment led me
to 1infert it.

CHAPTER
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MISCELLANEOUS OBSERVATIONS

ON THE

LEXY D ENGGE B AL
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OTWITHSTANDING the number of

inftruétive as well as entertaining ex-
periments on eleflricity, and in particular
thofe, in which the Leyden Phial is ufed,
moft of thofe Gentlemen who have been
pleafed to confider me as one of their philo-
fophical correfpondents on this fubjet, feem
always to have confidered the outfide and in-
fide of the Leyden Phial, at the time that it
is charging, to be in oppofite ftates, that is,

one negatiwe, and the other pofitive; and all of
them
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them quote Do¢tor Franklin, in {upport of
their opinion.

The late Mr. James Fergufon* was firm in
this opinion, till I thewed him that this was
tiot the cafe.

Another Gentleman to whom I had men-
tlonﬁd it In the year 1775, writes as follows,
<Iam q/iﬂn ifhed at what you tell me, relating to
‘ a sbarged Leyden Phwal, and long much to fee
¢ youpsesperiment.  Tull Ido, I confefs I cannot
i fzefp 1 mﬁwg there muft be Jome fallacy m i,
< whch has: efcaped both yourfelf and Mr. Fergu-
¢ fon. If hodever the faél be true, that both fides
‘of the plial are megatre, or both fides pofitive,
“ the whole of “the prgiént rﬁa}ry mzﬁ Sfall to the

* prounddl o ;

* Mr. Fergufon gave a courfe of Letures in Norwich in the
year 1769, and the fame again in April 1775.

+ I had mentioned to this Gentleman that Mr. Fergufon -had
been with me; but inftead of my experiment militating againft the
prefent, that is, Dr. Franklin’s Theory, 1 think it very ftrongly
confirms it.

Likewile
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Likewife that very excellent philofopher
and electrician, the late Mr. Wm. Bewly,
feems to have been firmly eftablifhed in the
fame opinion, who, in the year 1780, in a
letter to the Rev. Mr. Morgan, {peaking of
two Leyden Phials, one hanging to the tail
of the other fufpended from the prime con-
duttor, and defcribing them by calling the
wire that enters the mouth of the uppermotft,
or firft phial P, the wire that leads from
the coating of the firlt, and enters the mouth
of the fecond phial p, the coating of the
firt N, and L’tl}e coating of the fecond 7, with
‘a chain leading from the laft to the floor,
writes as follows: ¢ 1 wender howr Mr. Brook, with
© fus well known experience wn eleciricity, can confider
‘N and p, as in the fame flate; to fhew that
“ they are not ; it 15 fufficient only to remove them
“ from each other: when he will find that p s
‘ pofitwe, and N megative he may take a fhock
‘ from them by bringmg them together. The puz-
¢ zle arifes from the fame conduiting fubflance - be-
¢ ing connelled with both.

Is
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Is there not as much reafon for any-
one to wonder, how any eleflrician can con-
fider any two perfet metallic {fubftances in
altual contaét with each other, to be in dif-
ferent ftates of elettricity, except, as in Wil-
fon and Hoadly’s Experiments; and I never
faid that they were not {fo, when they were
feparated. Mr. Bewly adds, € may be faid
< there ought to be no explofion between P and 4,
“ becaufe they are both pofitive, this 1s certainly
true, “but p, has a metallic communication with
¢ N, the megatwe outfide of the uppermofl phial,’
here is a miftake; for this outfide is not nega-
tive, at leaft the coating of it, but pofitive,
having a compleat communication with p, the
pofitive infide coating of the lowermoft phial.
“ The fame reafoning will apply to the explofion
“ which takes place between N and n, n 15 un-
‘ doubtedly megatrve? this 1s alfo certainly true:
‘and fo is N; but this is plainly a miftake
again, for N is not negative, as already ob-
{ferved.

In
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In the preceeding feftion Mr. Bewly {ays,

“ It may be fad there ought to be no explofion be-
‘ tween P and p, becaufe they are both 5 pofitive,’
but their being both in a pofitive {tate does by
no means fhew that there ought to be no ex-
plofion, when bottles are thus fituated; for 1t
is generally allowed, that where there are un-
equal portions of the electric fluid, cither ne-
gatively, or pofitively, if a proper communi-
cation be made between them, an explofion
will take place: and this appears to be the
cale between P and p, at leaft as to their coat-
ing; for admitting that no more of the elec-
tric fluid can be driven into the infide of a
bottle, than can be permitted to leave the
outfide, and that that which is driven from the
outfide of the firft phial i1s driven into the
infide of the fecond; and admitting that all
the time the bottles are charging, each bottle
will poflefs its natural quality; yet on cealing
to charge them higher, or on ceafing to work
the machine, the portion which was driven
from the outfide of the firft phial into the
infide of the fecond, will, by the metallic
M commu-
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communication between them both, take place
not only in the infide of the fecond phial,
but will return and take place on the outfide
of the firft, at leaflt fo far as their coatings
arc confidered to be concerned, yet the in-
{ide of the firft continues as it was when the
machine ceafed working. Thus the infide of
the firft phial will contain a quantity of the
ele@iric fluid nearly equal to the quantity oc-
cupying its own outfide and the infide of the
fecond; therefore, by the infide of the firft
being now fo highly charged in proportion
to its outfide, if a communication be made
with an infulated difcharging rod from its
wire te 1ts coating, or from its coating to its
wire, an explofion will {fucceed, yet neither of
the bottles will be difcharged; but inftead
thereof, the infide of the fecond phial and
both {ides of the firft, whilft the communi-
cation 1s continued, will all be charged equally
high and of the fame quality, thatis, pofi-
tive: fuppofing the rubber of the machine
“not infulated. Thus it feems as if a coated
glafs phial may be made to contain more than

its
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its natural quantity ; for 1t does not clearly ap-
pear, that the coating alone will contain all
this additional quantity about the bottle.

Notwithftanding all that has been doné with,
or faid about, the firlt phial, with refpeét to
the great quantity that the infide of it con-
tained when the machine ceafed working; a
few experiments will fhew, that the fame in-
fide may be altered from being fo ftrongly
pofitive, to negative, or in the fame ftate as
the outlide of the {econd phial at the time
that it had a communication by a wire to the
floor, without difcharging the phial or any
more working the machine, and will alfo, at
the {ame time, afford many proofs of the truth
of this feemingly new conceived opinion.

EXPERIMENT I

For the fake of convenience let the appa-
ratus be a little altered; and inftead of
two phials being fufpended from the prime
conductor, let two pound phials be coated
with tin-foil on their outfides, and filled to a

M 2 convenient
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convenient height with common fhot, to ferve
as a coating within-fide, as well as to keep a
wire {teady in the phials without a flopple in
the mouth of them. Let each phial be fur-
nithed with a wire, about the fize of a goofe
quill, and about ten inches long, and let each
wire be fharpened a little at one end, that it
may the more eafily be thruft down into the
fhot, {o as not to touch the glafs any where at
the mouth of the phials, yet, fo as to fland
fteadily in them. Let a metallic ball about
6 or 7 eighths of an inch diameter be fcrewed
on at the other end of each wire: alfo let
there be in readinefs a third wire, fitted up
like thofe for the phials, except that another
ball of nearly the fame fize as the former, may
occafionally be {crewed on over the fharpened
end of it. I fay, inftead of {ufpending the
phials from the prime conductor, as before,
let one of thofe above-defcribed, be charged
at the prime conductor, and then fet it
afide; but let it be in readinefs in its charged
{tate: then let the other be placed upon a good
infulating ftand, and let the third wire alfo be

laid
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laid upon the ftand, fo that its ball, or fome part
of the wire, may touch the coating of the phial.
Let the fharpened end of this wire projelt
five or fix inches over theedge of the {tand:
all of thefe being now placed clofe to the
edge of a table, hang a pair of cork balls
on the fharpened end of the wire, and make a
communication from the prime conductor to
the ball on the wire in the bottle: on work-
ing the machine, the fharpened end of the
wire will permit the bottle to be charged al-
though 1t be infulated, and 1f the wire be
very finely pointed, the bottle may be charged
nearly as well as 1f it were not mnfulated: I
fay, on working the machine, the phial will
charge, and the cork balls will immediately
repel ecach other: but whillt this phial 1s
charging take the firlt phial, which having
been previoufly charged at the fame prime
conductor, in the hand, and while the fecond
phial i1s charging, prefent the ball of the firft
to the cork balls, and they will all repel each
 other. This plainly proves that the outfide of
the {econd bottle 1s electrified plus, at the time

that
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that it is charging, the fame as the infide of
the firft, and the infide of both the bottles
will readily be allowed to be charged alike,
that 1s, plus, or pofitive.

EXPERIMENT 1.

Let the {fecond bottle in the laft experiment
be wholly difcharged, and charge it again
as before, (the firft bottle yet remaining
charged) and whillt it is charging, let the ball
of the firft approach the cork balls contigu-
ous with the {fecond, and they will, as before, |
all repel each other: withdraw the ball of the
firft, and {o long as the machine continues to
charge the fecond bottle higher, the cork balls
will continue to repel each other, but ceafe
working the machine, and the cork balls
will ceafe to repel each other till they touch,
and will then very foon repel each other
again; then let the ball in the firft phial ap-
proach the cork balls, and they will now be
attratted by it, inftead of being repelled as
above, as in the laft experiment. This alfo
plainly fhews, that both fides of a Leyden

Phial
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Phial are alike at the time it is charging, and
at the fame time evidently fhews, that the dif-
ference of the two fides does not take place
tili after the bottle 1s charged, or ull the
machine ceafes to charge it higher.

EXPERIMENT IIL

In this experiment, let both the former bot-
tles be difcharged, then let one of them be
placed upon the infulating ftand. Let a ball
be put on over the fharpened end of the
third wire, and let it be laid on the fland as
before, fo as to touch the coating of the phial:
place the other phial on the table, fo that its
ball or wire may touch the ball on, or any
part of, the third wire: make a.communica-
tion from the ball on the wire of the frft
phial, to the prime conductor: then, by
working the machine, both bottles will foon
become charged. As foon as they are pretty
well charged, and before the machine ceafe
working, remove the fecond phial from the
third wire; after the {econd phial i1s removed,

ceale working the machine as foon as poflible:
take
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take the third wire, with its two balls, off
the ftand with the hand, and lay it on the table,
{o that one of its balls may touch the outfide
coating of the fecond phial: remove the firlt
phial off the ftand, and place it on the table
{fo asto touch the ball at the other end of the
third wire; then, with an infulated difcharging
rod, make a communication from the ball in
one bottle to the ball in the other: if the out-
fide of the firlt phial be negative at the time
it is charging, the infide of the fecond would
be the fame, and making the above commu-
nication would produce an explofion, and
both bottles would be difcharged, but the
contrary will happen, for there will be no ex-
plofion, nor will either of the bottles be dif-
charged, although there be a compleat com-
munication between their outfides, becaufe
the infide of them both will be pofitive. This
is a proof, that confidering one fide of a phial
~ to be pofitive and the other negative, at the
time they are charging, is a miftake: as well
as that, if any number of bottles be fuf-
pended at the taill of each other all the

intermediate
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intermediate furfaces, or fides, do not con-
tinue fo.

EXERERIMENT TV,

Here alfo let the apparatus be difpofed as
i the laft experiment, till the bottles are
highly charged: then, with a clean ftick of
glafs, or the like, remove the communication
between the ball of the firft phial and the
prime conductor before the machine ceales
working; then, with an infulated difcharging
rod, make a communication from the outfide
to the infide of the firft phial; a ftrecng explo-
fion will take place on account of the excefs
within-fide, notwithftanding they are both pofi-
tive: for as it is exprefled in page 63, the in-
fide of the phial pofleffled a much greater
quantity than its outlide, contrary to Mr.
Bewly’s obfervation, ¢ i may be faid there ought to
“ be mo explofion between P and p, becaufe they
“ are both pofitwe.

N EXPE-
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EXPERTFNEE NT "V,

This experiment being fomething of a con-
tinuation of the preceeding one; immediately
after the lalt’ explofion takes place, difcharge
the prime conducttor of its elettricity and at-
mofphere ; then touch the ball in the firft
phial with the hand, or any conduéting fub-
{tance that 1s not infulated; then will the in-
fide coating of the firlt phial, which at firft
was fo ftrongly pofitive, be in the fame {tate
as the outlide coating of the fecond, having
a communication, by the hand, the floor, &e.
with each other; that is, negative, if any
thing can properly be called negative, or po-
fitive, that has a communication with the
common flock: but a pair of cork balls that
are eleétrified either plus, or minus, will no
more be attracted by either the infide coating
of the firft phial, or the outlide coating of
the fecond, then they will by the table on
which they ftand, or a common chair in the
room, while they continue in that fituation.
Remove the aforefaid communication from

the
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the ball of the firft phial; touch the ball in

the {fecond, as before in the firft, or difcharge
the bottle with the difcharging rod, and the
ball in the firft bottle will immediately become
negative: with a pair of cork balls, electrified
negatively, approach the ball in the firft phial,
and they will all repel each other, or, if the
cork balls be eletrified pofitively, they will
be attrated. All thefe circumftances together
feem fully to prove what has already been faid,
not only that the infide of the firft phial,
which was fo ftrongly pofitive, may be
altered fo as to become in the fame {flate
as the outfide of the fecond, without dif-
charging the phial, or any more working the
machine; but that it may be fairly changed,
from being pofitively charged to being nega-
tively charged. If a pair of cork balls are
now hanged on to the ball on the wire in
this phial, by the help of a ftick of glafs, they
will repel each other, being negatively electri-
fied. Make a2 communication from the out-
fide of the bottle to the table, and replace
_ the communication from the prime  conductor
N 2 to
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to the ball in the bottle, then, upon moderately
working the machine to charge the bottle, the
cork balls will ceafe to repel each other till they
touch, and will foon repel each other again
by being eleftrified pofitively. Here the
working the machine anew, plainly fhews
that the infide of the firft bottle, which
was pofitive, was likewife changed to ne-
gative.

Although Dr. Franklin has been {fo often
referred to 1n fupport of the opinmion that the
two fides of the Leyden Phial are in different
ftates, at the time it is charging, it does not
appear any where, in his moft excellent book
on the fubjeét, that he takes any notice con-
cerning them at that time; but almoft inva-
riably ftays till it be charged, before he fays
any thing about its different ftates; from
which there is fome appearance, either that
he has not been rightly attended to, or that
he has been wrongly underftood, although
he writes almoft in general with very great

perfpicuity. In that fame Book [{ee Page 141.
Edit,
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Edit. 1774] Mr. Colden has a very ftrong
exprcﬂmn that both its fides are alike at the
time 1t 1s charging, in his remarks on the Abb¢
Nollet’s ‘Letters to B. Franklin, Efg. where
the Abbé fays ¢ that he can elelrife a hundred
“men, flanding on wax, if they hold hands, and
¢ if one of them touch one of thefe furfaces (the
¢ exterior ) with the end of his finger, Mr. Col-
den then immediately fays, ¢ This I know he
¢ can, while the phal 15 chargmg, but after
€ the plual 15 charged I am as certamn he cannot.
And I cannot {ee how any one can draw {uch
fatisfattory conclulions from any part of Dr.
Franklin’s writings, as what thofe Gentlemen,
already recited, as well as various others, feem
to have done, on this fubje, for the con-
trary appears plainly to be the fact.

In making eleélrical experiments, and in
particular thofe in which the Leyden Phial is
concerned (a number of which together com-
pofe moft eletrical batteries) a method
to preferve the bottles, or jars, from being
ftruck through by the eletric charge, is very

defirable ;

i e ias Ll e, - G i

ey
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defirable; but I do not know that it has hi-
therto been accomplithed. The number of
them that have been deftroyed in the forego-
ing, as well as In many experiments, made
long before, have led me to various conjec-
tures to preferve them: at the fame time
I have been obliged to make ufe of bottles
inftead of open mouthed jars. And as coat-
ing the former within-fide is very troublefome,
it has put me on thinking of fome method more
ealy, quicker, and equally firm and good, as with
the tin-foil. With refpeét to the new method
of coating 1 failed: though {omething elfe pre-
fented itfelf rather in behalf of the former:
therefore introducing the procefs here will not
be of very great ufe; unlefs, in faving another
the trouble of making ufe of the fame me-
thod, or giving a hint towards the former, fo
as to fucceed with certainty. My aim was,
to find fomething that fhould be quick and
clean, and not eafy to come off with the rub-
bing of wires againft it, and yet a good con-
duttor. My firft eflay was with a cement of

pitch, rofin, and wax, melted together; into
which,
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which, to make it a good conduétor, I put
a large proportion of finely fifted brafs filings.
When this mixture was cold, I put broken
pieces of it into the bottle, and warmed the
bottle till 1t was hot enough to melt the ce-
ment 1n it {o as to run, and cover the bottle
within-fide, then I coated the outfide with
tin-foil as 1s commonly done, and now it was
fit for ufe, or ready to be charged: to which I
next proceeded; and I believe I had not
made more than four or five turns of the
winch before it {pontaneoufly ftruck through
the glafs with a very {mall charge; I then took
off the outfide coating, and ftopped the frac-
ture with fome of my common cement, after
which I put the coating on again; and, in as little
time as before, it was ftruck through again in
a different place: and thus. I did with this
bottle five or fix times; fometimes it ftruck
through the cement; but it firuck through the
glafs in four different places. This made me
confider what it might be, that facilitated the
{pontaneous ftriking through the glafs, and
- likewife what might retard it. I had long
before
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before thought, that jars or bottles appeared
to be {truck through with a much lefs charge,
jult after their being coated, or before they
were dry, than when they had been coated long
enough for the moifture to be evaporated from
the pafte with which I mofltly lay on the tin-foil;
and could only confider the dry palte as a kind
of mediator between the tin-foil and the glafs,
or in other words, that the moifture in the
pafte, was a better conduétor, and more in
actual contact with the glafs, than the pafte
itfelf when dry. And the coating the bottles
with the heated cement, though long after-
ward, did not alter my former 1dea; for
it appeared as if the hot cement, with the con-
duéting fubftance in it, might be ftill more in
attual contaét with the glafs, than the moif-
ture in the pafte. On thefe probabilities I
had to confider what might alt as a kind of
mediator more effe¢tually than the dry pafte,
between the glafs and the tin-foil. It oc-
curred, that common writing-paper, as being
neither a good conductor nor infulator, might
be ferviceable by being firft pafted fmoothly

to
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to the tin-foil, and left to dry. The paper
then being pafted on one fide, having the
tin-foil on the other, I put them on the glafs
together with the tin-foil outward, and rubbed
them down fmooth. This {ucceeded fo well
that I have never fince had any ftruck through
that were thus done, either common phials,
or large bottles which contain near three
gallons each, though fome of the latter
have flood in the battery in common ufe
with the other a long time. And as I have
never had one ftruck through that has been
prepared in this way, I am much lefs able at
prefent to tell how great a charge they will
bear before they are ftruck through, or whether
they will be ftruck through at all.

In the year 1769, as already obferved, Mr.
James Fergufon read a courle of leftures in
this city, at which I attended, and thofe
were the firlt I ever faw. One of the lec-
tures ‘was on eletricity; and his machine -
feemed to me to act confiderably better than
any one I had met with before; and, to in-

i) creafe
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creafe the excitation, he put a piece of filk
between the rubber and the cylinder, (but it
was not made falt to any thing) and applied
fome amalgam, on a piece of {punge, to the
cylinder. The advantage gained by it {eemed
to me to be very conliderable; infomuch that
I could not fatisfy myfelf without applying
the like to my own machine, which was {foon
done, but as it was not faltened to any thing,
it was troublefome by {liding away. In
order to prevent this, I made the filk faft to
the rubber, by which I found I not only got
rid of the trouble of frequently having to
replace the filk, but I got more fire: this put
me on fixing the {ilk in different pofitions, and
in different thapes and fizes, and in a fhort
time I got it to as great perfection as it has ac-
quired ever fince. At that time by its be-
ing entirely new, as to the quantity of
eletric fire it enabled an operator to pro-
duce, many people, from different parts of
the kingdom, called on me to fee it, by
which means the ufe of the filk foon be-
came pretty general, and has continued fo

cver



THE LEYDEN PHIAL 99

ever fince, without any material altera-
tion.

Although I had been converfant in electri-
city from the year 1749 to 1770, I never faw
any machine that would produce the quan-
tity of eleftric fire that my own, by the help
of the filk, would then do; nor could I ever
before charge jars, or phials near fo high:
and if a jar, or phial, at any time difcharged
of itfelf, or {fpontancoully, it' was attributed
to the excellency of the machine. But after
I had {o advantageoufly applied the filk, upon
making eleftrical experiments very frequently,
I found that the {pontaneous difcharging of
a phial, &c. depended much more on another
circumitance, that is; their being very clean
and dry; and that if the phial or jar, had
been warmed (which feldom ufed to be done)
to make it ftill more dry and clean, the fpon-
taneous difcharging of it was very confiderably
facilitated: infomuch that it was very ob-
vious, that a jar, or the like, would not take
fo great a charge when quite clean and dry as .

02 it
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it was otherwife capable of being made to take ;
the report of the difcharge, as well as the
time it took to be charged, were fo very dif-
ferent, that the faét could not eafily be
doubted.

Although the difference of the charge ap-
peared fo very plainly, even to a by-ftander,
to be very great, yet I could not tell what
that difference was, till I contrived my new
eleftrometer; which enabled me to tell the dif-
ference very exactly, and very eafily.

A common pound phial of green glafs, that
contained about thirty-eight fquare inches of
coated {urface, which I then had, when per-
feCtly dry and clean as I could make it, would
difcharge fpontancoufly with a charge of about
fourteen or fifteen grains of repulfion; but I
found I could alter it, with refpeét to its clean~
nefs, fo as to take a charge whofe repulfive
force fhould be equal to twenty-four grains.

In
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In a jar that I then had, which contained
about {ixty-four fquare inches of coating, the
jar being feven inches high and four in dia-
meter, I found the difference much greater;
for, when quite dry and clean as I could make
it, it would difcharge fpontaneoufly with five
and a half grains; but by altering its clean-
nefs, that is, by dirtving the naked part of the
glafs*, I made it take a charge of thirty-five
grains, which is fix times as much as when
quite clean: and it would not then difcharge
of itfelf, but ran over the top, all round the
jar, as water would have done by being over
filled, and is very confpicuous in a dark room.

In regard to the application of the filk, I

‘owe all hints towards it, to Mr. Fergufon:

for I had not feen, nor did fee, till {ix months

* The Rev. Mr. Morgan having told Mr. Nairne of the great
difference of charge, which I had found, that a bottle would take,
when the uncoated part. of the glafs was a little dirtied, or not
quite clean, Mr. Nairne, fomewhat facetioufly faid, that I was
fortunately fituated, for it was only the dirs of Norwich that would
do fo. Mr. Nairne feems to me to be one of the beft eleétricians
that 1 have met with,

after,
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after, either Dr. Franklin’s Book on, or Dr.
Prieftley’s Hillory of, Eleétricity; where 1
then found that the former had tried a piece of

leather fomething in the {fame wdy, but he did
not make much of it.

From the many eletrical experiments that
I was making in the year 1771, it plainly
appeared, that a certain quantity of furface dif-
pofed m length, and joined to a prime con-
duftor, added much more to the ftrength,
or pungency of a fpark, or firoke, than the
fame quantity of furface difpofed in thicknefs,
or breadth, and joined to the {ame prime
conductor.,

I had an iron rod five feet long and
about three-eighths of an inch thick, with a
ball three inches diameter at one end; the
other end of it was held in the prime con-
duGtor: I likewife had a conduftor, made
of pafte-boards, and covered with tin-foil,
about nine inches diameter and twenty-five
inches long; but the latter, being joined to the

prime
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prime conduéter, gave a {park which was by
no means equal to the former, although the
difference of the quantity of their {urfaces
was fo very great. If the hand were fhut clofe,
and a {park were taken on the back of the
hand from the prime conduttor, having the
iron rod joined to it, the whole hand would
be convulfed, and if I ftood on a ground
floor, I felt every fpark, or ftroke in my feet.
I mentioned this tc Mr. Bewly, May 20, 1771,
but he gave me for anfwer, that he fome-
what doubted the fa¢t, and thus this part of
the bufinefs was then dropped.

Some time 1n or before the year 1778, the
Rev. Mr. Morgan read fome Italian publica-
tions to me; one of which contained an ac-
count, given by Sig. Volta, of a number of
Baflions, as he called them, or rods, eight
feet long and half an inch thick, infulatedly
fufpended, in different pofitions; and finding
this had fome refemblance to my former ob-
fervations, I reaflumed the fubjett.

Havmg
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Having by me a round iron rod near ten
feet long, and fifteen eighths of an inch in
circumference; I made another rod, of fir,
the fize and length of the iron one, and co-
vered 1t with tin-foil. A ball about three
inches diameter being put on at each end of
the rods, made each rod, with 1ts balls, ten
feet long. Thele were tried {eparately, to fee
if any fenfible difference could be dilcovered
in the iren rod, from that of fir covered with
tin-foil: but one appeared to give a fpark, or
ftroke, equally ftrong as the other. I next
tried them together, one joined to the end of
the other; thus they gave a much more pow-
erful ftroke. Having thefe two rods fepa-
rately infulated, I next placed them parallel to
ecach other, at the diftance of between three
and four feet, and made a communication
between them, to obferve the f{trength of the
{iroke they would give in that pofition. After
this they were removed to about ten or twelve
inches diftance, in order to examine if there
were any perceptible difference in the firength

of the ftroke when they were near, or further
off,

-



EdL E €. T RAVE T KLY - 5oy

off, each other. The former, Sig. Volta
fpeaks of, as a very confiderable hinderance,
by the interference of their atmofpheres; but
I could find no fenfible alteration.

I think I obferved fomething of this kind,
done very lately; in Mr. Adams’s Book on Elec-
tricity; or rather, to fee if there were any dif-
ference between a folid body and a hollow
one of the fame extermal dimenfions, but
none was found. '

One of my rods contains about two hun-
dred and thirteen {quare inches of {urface. 1
have a prime conduétor about four inches dia-
meter and near three feet long, which contains
about four hundred and fixty-eight {quare
inches of furface; but the latter, joined to my
common prime conductor, does not give fo
powerful a fpark by much; I mean as to
{fenfe, as one of my rods joined to the fame
common prime conductor, although the fur-
face 1s. more than double.

P After
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After trying a rod of wood and a rod of
metal, and finding no fenfible difference; I
made twelve rods, the fize of the former, of
fir, covered with tin-foil, and put a ball on at
each end about two inches and a half diame-
ter, which made each rod, with its balls,
about five feet and a half long. Having
placed my former two rods at the diftance of
between three and four feet, nearly parallel
to each other and nearly the fame height, I
laid the twelve fhort rods nearly equidiftant
from each other upon the two long rods, fo
that they were about ten or twelve inches
afunder. Then, upon making a communication
from the prime conduétor to any part of the'
rods, and working the machine to electrify, or
rather to charge them, they would give a {lroke
much too fevere to be often taken: infomuch
that (thefe ftrokes, quickly taken, fo affecting
the legs and ancles, with a powerful machine,
fuch as Mr. Nairne’s large ones are, to charge'
the rods quick enough withal) I believe they
would foon bring a very ftrong man down, if
he ftood on a ground floor.

Thefe
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Thefe rods I fufpended by glafs {ticks about

a yard long. About the middle part, from
the underfide of the rods, I fufpended (on
points, in order to move freely) another rod,
about fix feet long, with a ball of lead at
one end, and a large cork ball covered with
tin-foil at the other end, and a Florence wine
flalk covered with tin-foil likewife, and {uf-
pended freely clofe to the cork ball: confe-
quently the center of gravity was much nearer
the leaden ball than the middle of the rod,
and the end of the arm with the flafk, on the
oppofite fide of the center of gravity, was
much the fartheft off. The whole of this ad-
ditional apparatus being fufpended under the
former rods, and the whole charged, or elec-
trified together, the flalk will be attraéted by
whatever 1s neareft to 1it, either fideways, or
below it. Let a thunder-houfe be placed any
where lower than, and in the reach of, the
flalk, or, inftead thereof the fpire of a cathe-
dral in miniature, with an interrupted com-
munication to the ground, and a ball on the
top of it, the flalk will approach the ball
| & and
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and difcharge its electricity upon it, and beat
it down, without any phial or jar to affift it;
but if the fpire terminates in a point, and the
communication to the ground be complete,
every thing will be fafe.

If thefe rods can be fuppofed to reprefent
a thunder cloud in the air, and the moveable
flafk to reprefent the tail, or an inferior part
of the cloud, which may be driven about by
the wind, or attracted, if charged with light-
ning; I fay, if thefe fuppofitions can be ad-
mitted, I think this 1s the moft natural re-
prefentation thereof that I have yet heard of:
and at the fame time plainly fhews, which is
to be preferred for the termination of con-
ducttors to preferve buildings in thunder ftorms,
or from lightning, points, or balls.

With regard to excellence in eleftric ma-
chines, as to their conftruction, and power, I
have never feen any, of its fize, equal to Mr.
Nawrne’s patent one; and much of the appa-
ratus is incomparable, particularly for medical

purpofes;
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purpofes; though at the fame time, the ma-
chine is applicable to every other purpofe
where eleflricity is concerned.

Whatever may be the fize or form of an
eleétric machine; it feems that the general aim
i making it, is to have its conftruction fuch,
as that it may colle, or produce, the mofit
eleétric fire poflible with the leaft labour: but
at the fame time I think it is as indifpenfably
neceflary, that its conftruttion be fuch, that
after the elefiric fire 1s collefted, or produced,
it may be prevented from being difperfed, or
efcaping, by the admiflion of conduéling fub-
ftances into the atmofphere of the machine,
or the prime condultor. It allc feems to me
that for the purpofe of charging of batteries, a
large prime condvétor is very difadvantageous:
alfo, that it 1s highly neceffary for the bat-
tery to be placed at fuch a diftance from the
machine and the prime conduftor, as to be
as much as poffible out of their atmolpheres:
and if the machine and the prime conductor,
be large, the operator ought to ftand infulated;

otherwife,
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otherwife the atmolphere of a large apparatus
will extend fo far round, that a great deal of the
collected eleélric fire will efcape, or be difperfed
by him into the floor on which he ftands.

When that excellent fet of eleétrical expe-
riments were made by Mr. Nairne, which are in-
ferted in the Philofophical Tranfaétions VOL.
LXVIIIL. he feems to have been well aware
of thefe circumftances in the conftruétion of
his apparatus; and if I am rightly informed,
the operator, whillt he wrought the machine,
{tood infulated.

Amongft the various conjeétures relative to
the caufe of the Auwrora Boreals, eletricity
has been conflidered as a principle agent in
producing thefe appearances; and in order to
verify thefe conjeétures, 1 have, at various
times, even whillt thele appearances were
the greateft, put up my infulated conduéting
rod, to obferve whether or not it would be
affected: but the cork balls in my room, con-
neéted with the rod, feemed not to diverge

any



EaalEeE I C T - Ry gl T 'ES Y. 111

any more at thofe times than when there
were no fuch appearances, nor indeed to be
affetted by any eletlricity at all. More ob-
fervations made at different places by differ-
ent perfons, may probaby caft further light
upon this affair. '

N. B. Refpecting the degree of foulnes of the naked part
of the glafs already recited, in order to give the greateft charge
to a Leyden Phial, &c. that it is capable of; it feems ne-
ceffary, that fomething of a very flight oilinefs be rubbed over its
furface, or fomething, nearly a non-conduétor, which will adhere
to the glafs very thinly; fuch as the perfpiration of one’s hand,
when it Jegins to be in a ftate of perfpiration, from exercife. If
the electrical apparatus be kept in a very warm and dry room, the
advantage of the above method of foiling the naked part of the
glafs will foon appear; but if the apparatus be kept in a cool room,
where neither a fire is kept, nor the fun enters, the aforefaid me-
thod will be of very little ufe. “What there is in the compofition
of the eleétric fluid, that fome part of it thould run over the top of
the jar and the jar not difcharge, and that fome other part of it
fhould ftay behind and keep thejar fo highly charged, as recited in
page 101, I cannot even give a hint at: but the running over
does not begin tll the jar is very highly charged, and then it is
attended with a confiderable noife, almoft like very ftrong hifling.
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AF TER having fo much improved my elec-
tric machine by the application of the
filk, it acquired fo much approbation, that
many Gentlemen defired me to {end them a
new machine on the fame plan as my own,
with apparatus to them; amongft which was
the exhaufted, or luminous flalk. Thefe
flafks I procured from London, till I had {fome
difficulty to get them readily; which brought
on {o much inconvenience, that, as I had no
air pump, I determined to make one, of the

O table

T
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~ table kind, which, when compleated, proved to
be a very good one. With this I made many
luminous flalks, where the difference of ex-
hauftion plainly appeared, by the time that
they would continue to be luminous; and
thofe that were luminous the longeft were
thofe that were the moft exhaufted, confe-
quently, on fome occafions preferable: which
made me defirous of exhauﬂmg them ftill
more, if poflible.

The accounts given of Mr. Smeaton’s Air
Pump, put me on enquiring of many Gen-
tlemen, &c. about them, in order, if poffible,
to procure one for trial. One of thofe Gen-
tlemen was the Rev. G. Walker, F. R. S. who
gave me for anfwer, that he had one, and I
fhould have it to try*. Very foon after this,
he came himfelf from Nottingham, where he
then reflided, and brought his pump with him.
We took a time for trial of it, together with
my own pump; when feveral other Gentle-

* 1 informed Mr, Bewley of this on the 25th of July, 1776.
meEn
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men met us, and we gave them a fair trial: but
could find no difference between his and my
own, in refpect to the power of rarifying. When
it was in the befl order we could make it, we
could bring the fame gage, with either pump,
down t¢ about four lines and a half, but no
lower. By this it plainly appeared, that the
Smeatonian Pump was not altogether what it
had been reprefented: but they were both
ufed with wet leathers. Having found that
either pump would do the fame with the fame
gage, it occurred that either pump might ap-
pear to do differently with a different gage,
that 1s, one fomething like Mr. Smeaton’s, or
the pear-gage. And having read Mr. Smea-
ton’s account in the Philofophical Tranfac-
tions, Vor. XLVII, I determined to put his
defcriptions into praétice as well as I covld:
and in order thereto, I made a glafs {imilar
to his for a gage, but fomething longer. The
tube part of the gage was fix inches long
above the bulb; and the fize of the bore was
fuch, that the weight of the mercury, which
filled three “inches length, was five penny-

) 3 weights,
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weights, nine grains and a half. I exhaufled
this glafs, over a cup of mercury, fet upon
the air pump, under a common gage glafs re-
ceiver, {o that all the new gage was above the
mercury. When it was exhaufted nearly as
far as I could, I let the cage down into the
mercury, and opened the pump to fill the
gage by the preflure of the common air.
When it was as full as it would #fll, I
marked the glafs tube as it ftood ere&t (hav-
ing taken off the receiver) with a file, at the
top of the column of mercury. After this, I
took out the remaining air at the top of the
gage, by the help of a wire, and filled the
whole gage as full as I could with mercury:
and having emptied the gage, I weighed the
mercury which it contained, and found its
weight, eight ounces, fourteen penny-weights,
and twelve grains.. Then I filled that part of
the gage which was above the aforefaid mark
(made with a file on the gage) with mercury:
and weighing this portion by itfelf (as I thought
this a more certain method than trufting to
divifions on the gage) 1 found that by this new

&asc
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gage, my pump appeared to rarify near two
hundred times, and that this gave me a much
greater number of times rarifying than my
common -gage, which I had on the pump at
the fame time. This apparent difference made
me defirous to repeat the experiment, and to
be as exaft and careful about every particu-
lar as I could. Accordingly, I then new
valved and leathered my pump, and made
the experiment again; and found five hundred
and fifty-one times rarefaction,

The two foregoing experiments falling out
in this manner, made me determine to try
tubes of various f{izes and lengths, jomed to
the {ame bulb, one after another. Accord-
ingly, I cut my prefent new gage afunder; at
one inch above the bulb; and to this fame
bulb and fhort part of the tube I joined,
with cement, another tube twenty-five inches
long. I allo lengthened the tube part of my
‘gage glafs, for a receiver; and on proceeding
with this as with the former, it gave me fixty-
feven times rarefaction. Three inches of this

| bore
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bore contained three penny-weights, thirteen
grains, and a half of mercury.

EXPERIMENT I,

I then {eparated this long tube from the
bulb, at the place where they were joined,
and to the fame bulb as before, I joined ano-
ther tube fourteen inches long; and on re-
peating the former procefles, it gave three
hundred and fifty times rarefaction. Three
inches of this tube held four penny-weight,
two grains, and a half of mercury.

EXPERIMENT  1V.

Having feparated this fourteen inch tube
from the bulb at the juncture, I joined ano-
ther tube five inches long; fo that my gage
was thus the fame length as the firft, but the
tube was fmaller: and on trial as before with
the others, this gave eight hundred and ninety-
eight times rarefaction. Three inches of this
tube contained one penny-weight and twenty-
three grains of mercury.

EXPE-
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EXRERIMENCL:! V.

I here took the piece of tube which with
the fame bulb made the firft new gage, and
cut it afunder at two inches from the top
of it: this piece of two inches I joined to the
aforefaid bulb; and found by #hus, that my
pump rarified nine hundred and two times.
The fize of the tube 1s given with the firft
trial.

EXPERIMENT VI

My next trial was with the laft men-
tioned tube but one; which I alfo cut afun-
der at two inches from the top: and having
joined the piece of two inch long to the
former bulb, as before, I found that by this
thort and {mall tube my pump rarified one
thoufand five hundred and ninety-eight times.
This is a piece of the tube, of which three
inches held one penny-weight, and twenty-
three grains of mercury.

The above experiments are numbered, as beginning where
and when the pump was new valved, &c. and the fraétional parts
of rarefying are omitted, as being unneceffary,

It
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It appears that Mr. Smeaton’s gage was
not quite four inches long, including the bulb
and tube together: and he fays that the gage
contained about half a pound of quickfilver,
and that a thoufandth part thereof would fill
about one-tenth part of an inch in the tube-
part of his gage. On the whole it appears
that the tube-part of his gage was much
fhorter than mine; fo that if my gage had
been as fhort as his, my pump might have ap-
peared to rarefy as many times as his: for the
length as well as the fize {eems to be of con-
fiderable confequence; and more f{o, if I had
ufed the method that Mr. Smeaton ufed, that
is, to turn the gage horizontally before he took
the fpace between the top of the column of
mercury and the top of the tube. Taking the
{pace in his. manner, would have indicated a
much greater number of times rarefattion,
than the manner I ufed (as I found by trial)
confequently much further from the truth.

I think that 1if the principle, on which this
gage is fuppofed to att, were well-grouhded,’,
the
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the gage would fpeak the fame language in
all cafes: but that it does not, is very plain,
or I am much miftaken.

The principle on which I {et out, on the
fubjet of rarefaction, is to {fuppofe a common
torricellian tube well filled with mercury, and
purged of air as much as pollibleg.placed
erect in a ciftern of mercury: let the tube be
about thirty-two inches high above the mer-
cury in the ciftern; and the mercury in the
tube will fall to a height, which will be an ex-
act balance to the common atmofphere: and
placing a receiver over the whole upon an
air pump, and exhaufting the air out of the
receiver, the mercury will fubfide in the tube
fo as to be always a counterbalance to the
preflure of the air, which afts upon the fur-
face of the mercury in the ciftern. Thus,
I think I may fay, as the {pace through which
the quickfilver in the tube has fallen, is to
the {pace through which it has to fall (to be
level with the furface of the quickfilver in

the ciftern) {o is the degree of exhauftion, or
R the

/
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the quantity of air taken out of the receiver,
to the quantity remaining in it*,

Mr. Smeaton fays (fpeaking of his valve)
that in the common pump, ¢ the valves are
¢ fireiched.” 1 believe that if the valves in any
pump- be properly put on, they will rife much
cafier th&n his; their weight, to be raifed,
may b& much lefs: and the places of cohefion
round the holes may be much lefs: for the

® If this principle be not a true one, I am deceived, but I be-
lieve it will hold good at all times, and in all places. And in all
the foregoing experiments, with the pear gage, I believe the ut-
moft degree of rarefation was very little more than fifty-nine times,
having another gage 1n ‘the pump all the time, as before obferved.

If in a torricellian tube, well purged of air, the mercury ftands
thirty inches high, and if with an air-pump it can be brought
down to half ‘an inch of the level of the furface of the mercury in
the ciftern in which the tube is placed; I think it may be faid, that
the mercury is brought down - fifty-nine parts out of fixty; and
confequently, that fifty-nine parts ‘out of fixty, of the air'that was
in the'receiver on the pump, is taken out; and that the air in the
receiver is but one fixtieth part fo denfe as the common air; or in
other words, that the air in the receiver is rarefied fifty-nine times:
and that pump which will bring the gage the luweit I fhould rea-
dily allow to be the moft perfect.

valves
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valves will lie plain on the fides over a {mall
hole much better than over a larger one,
when a power to prefs them in is applied:
and when this is the cafe, if the valve fthould
rife any fooner, in the middle part, and the
air in a rarefied ftate be rot of force enough
to raife the outermoft part of it, this being
where the greateft cohefion is, and, as afore-
{aid, *will not rife {fo foon as a valve in a
common pump may be made to do*; the
pump may be kept working, and no air will
come out, continue the working ever {o long:

* To make a valve for an air pump, I fhould recommend a
ftrip of very thin bladder, about five-eighths of an inch broad,
made very pliant by rubbing it in the fingers with oil, then fixed
down clofe as poffible; by fretching it over the hole that leads to
the bed of the pump; a flit to be cut at right angles to the ftrip on
each fide of the hole, about one-fourth of an inch diftant from the
hole with a fharp knife, or the like, held a little leaniag from
the hole, and fome oil put upon it. By this method [ think a
valve may be made to rife the eafieft, and be the moft effectual of
.any that I know of. Thus, inftead of hindering, the fretching,
is very ferviceable: or in the manner of Mr. Bewly’s pump
made by Mr. Nairne, where four flits may be cut: in either, the
« valve will be held by four places, as well as Mr. Smeaton’s, though
much more eafily raifed.

R 2 therefore .
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therefore, how can any advantage be expefted.”
1n or from the valve?

Having informed Mr. Bewly, that I was
to have a Smeatonian Pump fent me for the
purpofe of trying it, he wrote to me on the
17th of Auguft 1776, as follows: ¢ When you
“laft wrote to me you told me you were
‘going to review an air pump of Smeaton’s
¢ conftruétion. I fhall be much obliged ta
‘you if you will inform me of the refult
¢ of your examination.” © Accordingly on the
19th of the fame month I {ent the refult to the
purport as in pages 114 and 115. Alfo in the
{fame lefter I wrote to him thus: ¢If Dr.
‘ Prieflley would {fend his pump to Nor-
¢ wich for us to try, I would willingly pay
‘ the carriage hither and back again. Do you
¢ think it would be a fair queftion to alk him?
¢ Such properties as he {peaks of are very de-
“ firable in a pump; but if he is under any
¢ miftake about it, I fhould think he would
“ like very well to be fet right: let me afk the

‘ favour of your anfwer.’ _
Mr,
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Mr. Bewly did not write to me any more
till the gift of Auguft, 1776. But on the
27th preceding, as I had been making further
trials, I wrote to him again, informing him,
‘ that I thought I had found out the myfltery
¢ by which Mr. Smeaton’s pump and gage in-
¢ dicated fuch great powers and degrees of ra-
¢ refaction: and that with my own pump and
¢ his gage 1 could, without any fort of diffi-
¢ culty, rarify fifteen hundred times, and much
¢more.” Alfo I informed him, in brief, of
fome refults which inclined me to think {o;
and that, if it were worth his knowing, I would
fend him the particulars.

On the g1t of Auguft 1776, as before ob-
ferved, Mr. Bewly wrote to me again, as fol-
lows, ¢ I am much obliged to you for the in-
‘ formation I received by your letter, rela-
‘ tive to the Smeatonian gage. Though you
‘ fay nothing of the caufe of the deception you
‘ have difcovered; yet I think I can make a to-
‘ lerable guefs at it.”  He likewife tells me that,

¢ another
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‘ another Gentleman* with himfelf had juft
‘ been talking of this gage. It occurred that,
¢ on the mercury’s rifing into the gage, it muft
¢ probably entangle a great part of the in-
‘ cluded rarified air, particularly againft the
¢ fides of the glafs; fo that the air which ap-
‘ pears in the upper part of the tube, and
¢ which Smeaton confiders as being the whole
¢ that had been left in the gage, on the ex-
¢ hauftion, may only be a tenth part of it;
¢ the remainder being difperfed over the inner
¢ furface of the large globular part of the
* gage. Pray inform me whether this is not
¢ the cafe. I fhould be glad likewife to re-
¢ ceive the particulars.’

Though Mr. Bewly had no opportunity to
make his conjeftures perfetly fatisfattory; yet .

I think 1t will appear in the {equel, that they
were well founded.

In the fame letter he adds, in very ftrong
terms, tending almoft to a degree of wonder,
* The Rev. M, Brand.

or
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or in the height of furprife, ¢ The only diffi-
¢ culty that firikes me, is how Mr. Smeaton
‘ and Dr. Prieftley could deceive themfelves fo
“ egregioufly in this matter. Did they never
¢ ule the common gage along with this ? If they
‘ had, and if the pump had atually rarefied
‘ the air fometimes even 2000 tunes, or even
¢ 1000, the mercury in the common gage muft
‘ have been brought down to a level,—I mean
¢ as to {enfe, with that in the ciftern. I do not
‘ find however that they any where affert this.
¢ Could they wilfully fhut their eyes, and be-
¢ lieve the air was rarefied to 2000, when the
¢ mercury was at the fame time ftanding in the
¢ common gage at the height of three or four
¢ lines at leaft? I know not how to reconcile
¢ thele things.

¢ Not two hours before I received your let-
‘ter 1 had fent ene off to Dr. Prieftley, in
¢ which I had informed him of the refults of
¢ yourexamination of a Smeatonian pump, and.of
¢ your doubts and difficulties. I wifh I had had
¢ your letter before this was fent -off; but if you
¢ will
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“ will enable me to be more particular, I will
¢ give him a full account of the matter.’

After thefe requefts of Mr. Bewly’s, I fent
“him the particulars on the gth of September .
1776, nearly as recited in the laft fix Experi-
ments, either for Dr. Prieftley’s, or his own
ufe; to which he gave me an anfwer on the 211t
of September 1776, In the following words.
‘I return you many thanks for your gages,’ [ I had
previous to this, {fent Mr. Bewly {everal pear-
gages, | ¢ and your epiftolary communications,
¢ which fatisfattorily prove the fallacy of the
¢ Smeatoman gage ; though you will find below,
‘that Dr. Prieftley {fpeaks with confidence
‘of the great powers of the pump of that
¢ name.’

¢ When I wrote firft to Dr. Prieftley on the
¢ fubject of Smeaton’s Pump, I could only
“inform him, in general that you had found 1t
“in no refpeét fuperior to a good common
¢pump, in the article of rarefying. Here 1s

¢ what he fays on the fubjett.’
¢The 2
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“ The pump which My. Brook examned mufe
“ have been a very bad one, wndeed. Mr. Nawrne
“ has improvﬁd upon Mr. Smeaton.  Before I left
“ London, I faw one of lhus exhauft near ten thou-
“ fand times*.”

¢ Surely, all thefe good people, though they
¢ may make a miftake of a few thoufands in
‘ eftimating the power of the Smeatonian
pumps, in particular, muft be able at leaft to
rarify a few ‘hundreds.

™y

£l

¢ Since you informed me.of your experi-
ments made with Smeaton’s gage, I have, in
¢ general, informed Dr. Prieftley of the refults,
¢ and have put fome queftions to him on the
‘ fubje&. As foon as I hear from him, I will
¢ communicate to you his anfwer, or am in-
‘ formed whether thefe potent rarefiers of air,
¢ to 10,000 and upwards, have any other colla-

‘ teral evidence to produce, to firengthen the
¢ fufpicious teftimony of the Smeatonian gage.’

™

* Mr. Nairne is one of the beft Philofophical Inftrument-makers
I ever knew.

S Hitherto
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Hitherto Dr. Prieftley appears to be pretty

firm in his opinion, that the Smeatonian appara-
tus has great {uperiority, notwithftanding what
Mr. Bewly had informed him of: but now he
foon finds his miftake.

On the 7th of Oétober 1776, Mr. Bewly

fent me another letter, in which he writes as
follows: ¢ I received a letter from Dr. Prieft=

[ 4

.

4

ley laft poft: the contents of which, fo far
as they relate to the Smeatonian pump and
gage, you will be curious to know.

¢ In a former letter he had told me that he
never had ufed a gage in which the mercury
had been boiled; and that he knew not how
to execute the procefs. Idelcribed it to him
in the moft minute and circumftantial man-
ner; defliring him to prepare a flimple gage
after this manner,. and then try whether his
Smeaton’s pump would bring the mercury con-
tained 1in it within a /line, or lefs, of the mer-
cury in the bafon; as it ought to do, if it
rarefied the aironly 3 or 400 times. He has
¢ tried
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¢ tried the experiment; and the following 1s the
¢ refult:

* His pump was foul, not having been
¢ cleaned for feveral months paft;  and /us
““ common_fyphon-gage fhewed that it did not ex-
“ hauft near fo much as it had formerly done.”
¢ He was content with 1t neverthelefs, and in
¢ this ftate, he included both the Smeatonian
¢ gage and the boiled gage in the receiver, at
‘the fame. time. On exhaulting, Smeaton’s
‘ gage gave him goo degrees of rarefying
¢ power ; while the mercury in the boiled gage
‘ fell down only to a little lefs than half an
“ mnch above the level; and accordingly indi-
¢ cated only about 6o ‘degrees. He would
“ have cleaned his pump, he fays, had he not
‘ been convinced that what he had already
¢ feen was fufficient to difcredit the Smeato-
‘ nian gage. He obferves. that “ you will gain
“ great credit by the deteclion;” and that the gage
“1s certainly fallacious, though he does not
‘ comprehend the caufe of the fallacy.’

S 2 Notwith-
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Notwithftanding Dr. Prieftley already ap-
pears to be fo perfectly convinced, that the
Smeatonian pump and gage were not what
‘thcy were fuppofed to be; he does not con-
tent himfelf with informing only Mr. Bewly
of it, but, with his uncommon franknefs,
without ftaying any longer, on the 2oth of
Oétober 1776, he writes immediately to me
as follows: ¢ You have great merit in the de-
‘ teCtion of the fallacy of Mr. Smeaton’s gage:
¢ and I wifh you would draw up a regular ac-
‘ count of your obfervations on that fubject.
¢ It 1s of great ule to know what we have to
¢ depend upon in bufinefs of {fuch 1mportance
‘i philofophy. Mr. Nawne, who makes the
‘ beft pumps of Mr. Smeaton’s conftruélion,
“ has heard of your objettions to them, and
 will foon, I believe, give Mr. Bewly an ac-
‘ count of what may with certainty be ex-
¢ pefted of them. 1 intend foon to write to
‘ Mr. Smeaton himfelf on the fubjett, and
‘ you fhall know what he fays if I have any
¢ anfwer.’

Accordingly
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Accordingly I received a letter from Mr.
Bewly, dated November 24, 1776, in which he
writes as follows: ¢ By a letter received from
‘. Mr. Nawrne yefterday, I find he is to fend me
‘ next week a pump with which he has taken
¢ particular pains*, accompanied with an ac-
¢ count of fome experiments relative to the
¢ fubjet of exhaulting. Such experiments as
¢I can make with my prefent inftruments, I
‘ will take an early opportunity of making,
¢ and inform you of the refults.’

The above-mentioned account of fome expe-
riments 1s dated Nov. 22, 1776, which hy Mr.
Navrne's permiflion, Mr. Bewly favoured me
with to perufe, on the goth of January, 1777;
and they appear to be the firft that Mr. Nawne
had communicated to Mr. Bewly, and likewife
fome of the firft that he had made on this part
of the bufinefs, as will more fully appear
afterwards.

* Mr. Bewly afterwards fent me this pump to try; and I pro-
nounced it one of the beft I ever faw,

Mr.

L} °
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Mr. Nairne fays, in a letter to Mr. Bewly,
dated Auguft 15, 1777, ‘I cannot conceive
¢ why Mr. Brook fhould think that my trials
¢ originated from any experiments I had heard
¢ of his, either by his letter to Dr. Watfon or
¢ yours to me. If he has Mr. Smeaton’s letter
¢ to Dr. Watfon in anfwer to his, he will find,
¢ I fhewed Mr. Smeaton, Hon. Mr. Cavendifh,
¢ Mr. Aubert, and fome other Gentlemen, the
¢ great difference between the two gages, &c.
‘i April 1776, (viz. above 2000 times by
‘the pear-gage) whereas his letter to Dr.
¢ Watfon 1s dated Nov. 16, 1776%, and your
¢ letter to me 1s dated Sept. 7, 1776, wherein
‘you frft mentioned Mr. Brook. Before I
‘ received that letter of yours I had never
¢ heard that there was fuch a perfon as Mr.
¢ Brook, that made air pumps or that tried ex-
¢ periments on that inftrument.’

* My letter to Dr. Watfon was felected from the experiments
I made immediately after the receipt of Mr. Bewly’s letter, dated
Aug. 31, 1776, and communicated to him Sept. g, following. But
Mr. Nairne feems here to be only preparing to make thofe experi-
ments which were communicated to Mr. Bewly on the 22d of Nov.

1776, in confequence of his having heard of my objections, accord-
ing to Dr. Prieftley, fee page 132,

Hence
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Hence it appears, as. if Mr. Nairne were
defirous to date the beginning of his trials to
find out the deception of the Smeatonian
gage, from the time he firft difcovered the dif-
ference between the two gages, which was
in April 1776. DBut though he then difco-
vered a difference between the two gages, it
does not appear that he did any thing more
about 1t, till he made the experiments which
he gave an account of to Mr. Bewly on the
22d of November, 1776: but that all the
time from April, 1776, till about the time Dr.
Prieftley informed me that Mr. Nairne had
heard of my objetions, the bufinefs lay dormant.
But neither then, nor afterwards, does it appear,
that either himfelf, or Dr. Prieftley, found,
or even {uppofed, any deception in the
Smeatonian pump as well as the gage:
whereas it was the deception of the pump
alone, that firft occurred to me, not having
any pear-gages to try. But it plamnly ap-
peared to me, ‘before the 1g9th of July, 1776,
that the pump was fallacious [ fee pages 114 and

115 ] and alfo that I had difcovered the gage to
be
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be equally fallacious as the pump, before the
27th of Auguft, 1776, and that I communi-
cated an account of both to Mr. Bewly at
the times already fpecified. Likewife 1t 1s
plain, that Mr. Bewly gave an account thereof

to Dr. Prieftley on the g1lt of Auguft, 1776.
And 1t 1s not lefs plain, that Dr. Prieftley

was well fatisfied, that there was a fallacy,
before the 7th of Oétober, 1776, and that
Mr. Nairne, had heard of my objections to them
before the 20th of O&ober, 1776, and about
that time fet about thofe experiments dated
Nov. .22, 1776.

Mr. Nairne’s accounts and experiments are
printed in the Philofophical Tranfaétions, VoL.
LXVII. Butif any claim 1s to be laid to the dii-
covery of the fallacy of either the Smeato-
nian pump or the pear-gage, I think I have
the greateft: the former of which he does
not feem even now.to fuppole. However,
I think it will plainly appear in the fequel,
that any tolerably good common conftruéted
air pump may be made fo appear to exhauft
equal to any on Mr. Smeaton’s conftruc-

tion,
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tion, with the fame gage to both; confe-
quently that the fuppofition relative to the
excellency of the conftruction of his pump
in the article of rarefying, 1s alfo fallacious.

Mr. Smeaton {peaks of his conftrution, as
being cafter to fit the bottom of the pifton
clofe to the place where the valve 1s fixed,
that leads to the bed of the pump. But I
think this {uppofition is not lefs fallacious than
the fuppolition of the excellency of the whole
pump, particularly in this refpe¢t. For I can
fce no caufe, or reafon, why the pifton can-
not be made to fit as clofe at the bottom of
it, in a common conftructed pump, as it isin
one of his conftruction: I can fee, or find,
no difference in either. If I could {uppofe
any, it would be inhis, as being the largeft in
diameter, and not lefs difficult to fix at right
angles to his rod. In fhort, the only cir-
cumftance of ufe in Mr. Smeaton’s pump, by
which any convenience or advantage is gained
over the common conflru&ion, is condenfing;

all the other advantages being only fuppofi-
¥ tions. -
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tions. Indeed, I think fuch as Mr. Nairne
makes, of the table kind, are very much
preferable.

Mr. Smeaton fpeaks of ufling water with
his pump; not then knowing how much it
favoured the deception of the pear-gage: which
will plainly appear afterwards.

On the 16th of December, 1%%6, Mr.
Bewly fent me an abftratt of Mr. Nairne’s
account of fome experiments, dated the 22d
of November, 1776, in which the pear-gage
was ufed with the common one. This put
me on making more pear-gages, (f1x) with
which I made many experiments, and re-
peated them many times: but, as they were not
very materially different from Mr. Nairne’s, I
(hall infert only three of them.

EXPERIMENT I

A pear-gage, the tube of which was fix
inches above the bulb, three inches of it
containing {ix penny-weights two grains and a

half
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half of mercury, and the whole gage con-
taining {eventeen ounces, ten penny-weights,
eleven grains, with the apparatus all dry, in-
dicated one hundred and twenty-feven times
rarefation, with or without box-wood* in
the receiver.

EXPERIMENT IL

A pear-gage, whofe tube was three inches
long above the bulb, and held one penny-
weight and twenty-three grains, and the whole
gage eight ounces, fix penny-weights, and fe-
venteen grains of mercury, with dry ap-
paratus, gave two hundred and four times ra-
refaction, with or without box-wood, weigh-
ing one hundred and feventeen grains.

* Mr. Nairne found that a piece of box-wood, weighing one
hundred grains, included with the pear-gage in the receiver, made
a great difference: but I could find none, though cut from dif-
ferent logs, but all pretty dry.

i ek EXPERIMENT
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EXPERIMENT III
The laft gage, under the fame receiver,
(the receiver, inftead of being cemented to the
bed of the pump, being fet upon a piece of
wet leather) indicated one thoufand three
hundred and thirty-three times rarefaltion.

Here the effet of the water, in regard te
the deception of the Smeatonian gage, 1is
pretty obvious, [{ee page 138.] It 1s not lefs
obvious that a common pump may be made
to rarefy as much as a Smeatonian one will
[fee page 136 ] though the apparent difference
of rarefying is above eleven hundred times.

In order that there might be no moifture
in the way, previous to thefe three experiments,
I cleaned and refitted my air pump, at the
fame time warming it by the fire, that the oil
and valves might be as thin and pliant as pofli-
ble ; fo that I could bring the boiled gage down
to five-fixteenths of an inch; which, if the
barometrical weight of the atmolphere be

equal
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equal to a column of mercury thirty inches
high, indicated a rarefadtion. of ninety-fix
times. I likewife made two new plates to my
air pump, of thick plate glafs; one for the
bed of the pump, and the other to let the
gage upon: and inftead of ufing wet leathers
to fet the reccivers upon, 1 cemented them
down to the plates of glafs, with a ce-
ment of turpentine, bees-wax, and tallow,
with a little red lead to colour it; {fo that the
pump was ufed without any water, or wet
leathers.

Thefe experiments, together with thofe not
here inferted, which I noeted down, amount-
g to about forty, were made after Decem-
ber 16, 1776, and communicated to Mr,
Bewly, Jan. go, 17%7.

The following is a fet of experiments with
different Smeatonian, or pear-gages, in which
the mercury was boed in every part of them
when fo {pecified.

EXPERIMENT
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EXPERIMENT: L

A pear-gage, the tube part of which was fix
inches and three quarters above the bulb,
three inches of the bore holding five penny-
weights and nineteen grains, and the whole
gage containing fifteen ounces, ten penny-
weights, and twenty-three grains of mercury,
gave two hundred and ninety-nine times ra-
refaction. This was boiled before I bega
the experiment. :

EXPERIMENT - H.

The laft gage new filled and boiled, and
with a piece of fheep fkin drefled with allum,
which weighed one hundred and ten grains,
inclofed in the receiver with the gage, now
gave one thoufand, eight hundred, and fixty-
five times rarefation.

EXPERIMENTE""TIL

The fame gage as before, unboiled, and
without the fheep {kin, now gave one hundred
and feventy-five times rarefaction.

' EXPERIMENT
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EXEERIMENT @ IV.
The former gage, not boiled, but with the
dheep fkin, now gave fourteen thoufand nine
hundred and twenty-two times rarefaétion.

EXPERIMENT V.

With a pear-gage, the tube part of which
was five inches above the bulb, and three
inches of the tube held three penny-weights
and two grains of mercury, and the whole
gage contained fix ounces, eighteen penny-
weights, and thirteen grains. This gave four
hundred and feventy-feven times rarefation,
unboiled and without the theep fkin.

EXPERIMENT . VI.

The laft gage, with the fheep {kin, and not
boiled, but without any other known differ-
ence, now gave a number of times rarefac-
tion not to be afcertained with any precifion
whether twenty, fifty, or an hundred, thoufand
times, and with as much propriety one as the
other; for the fpace left vacant did not appear

ta
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to be larger than about half the fize of a
muftard-feed; though the upright boiled gage
was not fenfibly different from all the former,
which was each time brought down to three
tenths of -an inch, and indicated one hundred
times rarefaction.

Thefe experiments {eem more fully to prove,
that a common pump may be made to rarefy
as much as any one of the Smeatonian con-
ftruction, as already recited.

EXPERIMENT VIIL

In the time that I was making the fore-
going experiments, I tried many other pear-
gages in which I boiled the mercury: but as
the refults of many of them were fimilar to
the firft two, I did not note them down.
Many of them were {o well boiled, that the
mercury was fufpended to the top of the tube
at different diftances: and notwithftanding I
ufed vielence to thake it down, in fome of
them the cohefion was fo great, that I could
not getit down at all till I opened the pump.

Although
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Although 1t ‘was contrary to my inclination,
not to get all the mercury down in the tube,
I am now inclined to think that this was a fa~
vourable part of the bufinefs. And although
the upper part of the column could not be
{haken down, yet it would not materially alter
the experiment. For in all thefe experiments
with the boiled pear-gages, 1 inverted the
cpen end of them into a ciftern of mercury
before I began to exhauft: and when the
pump was exhaufted as much as I could,
I raifed the open end of the gage out of the
mercury in the ciftern, to let out the mercury
in the gage, and to let the rarefied air enter:
and then nearly the fame {pace between the
two ends of the columns of mercury in the
tube would be unoccupied, as if the whole
column had come down, and the unoccupied
{pace had been at the top of the tube.

After the gage was filled in the Smeatonian
manner, I took out the air between the two
eolumns, and let them join together; after

which, although the open end of the gage was
U not
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not lifted out of the mercury, till the pump
was exhaufted as much as I could exhauft
it, and then only raifing it out and pufhing
it down into the mercury again as quick
as 1 could, there was fo much vapour or
damp, &c. that had taken place on the mner
furface of the tube, that after I had taken the
gage out of the receiver, the place of the
junéture was vifible to the greateft exaltnefs;
whereas had the whole column of mercury
came down at firft, I fhould not have been
able to difcover this coating of vapour, &c.
on the infide of the tube.

EXPERIMENT VIIL

I went on to try feveral gages in this
manner, that had a part of the mercury re-
main, or fufpended, at the top of the tube,
and always found this covering with damp,
or the like, to take place, when the pump was
exhaufted as much as 1 could, in gages that
had been well boiled: and had they not been
boiled, none of the mercury would have re-
mained at the top of the tube.

EXPERIMENT
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EXPERIMENT ' IX.

Proceeding on a fuppofition that I might
not {o perfectly boil the mercury in the bulb
part of the gage as in the tube part thereof;
and that if any air, &c. was left in any part,
I might difcover it by exhaufting the receiver
to let the mercury fubfide into the ciftern out
of both tube and bulb, and letting it up
again, without taking the open end of the
gage out of the mercury (this gage alfo hav-
ing part of the column fufpended at the top)
by letting the mercury up into the gage to fill
it as it ftood, only a very fmall fpeck was
difcoverable at the joining of the mercury in
the tube: fo that the bulb, as well as the tube,
which together held nine ounces and feven-

teen penny-weights, appear to have been very
well boiled.

EXPERIMENT X.

Finding no damp, &c. to appear ‘in the
tube by filling the gage under the receiver,
after the mercury had been let down, and

U2 letting
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letting in the air to fill the gage by its preffure,
without taking the open end of the gage out
of the mercury; my next trial was with a
pear gage, the tube of which was five inches
above the bulb, to fee if there would be any o
damp, &c, lodge upon the inner furface of
the gage, by emptying part of it and filling
it again in open air: and having boiled the
gage, I exhaufted the recciver, with the gage
in it, to let the mercury fubfide out of the
gage into the ciftern; and then filled the gage
again by the preflure of the air; without tak-
ing the open end of the gage out of the mer-
cury. This, alfo, having part of the column
fufpended at the top of the tube, as before,
exhibited the aforefaid fpeck at about half an
inch from the top. In this I took the gage
out of the receiver, and emptied the bulb and
about half the tube, and filled it again in open
air: but now not the leaft more of this coating,
&ec. appeared in the tube than what appears
- every clean tube that has been filled with
mercury and not boiled. I repeated this often;
and the refult was the fame.

Thefe
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Thefe appearances, I think, feem ftrongly
to indicate, that this coating, or covering, with
damp, or vapour, &c. takes place only where
the air is in a rarefied f{tate, or at leafl, moft
when the air is highly rarefied. I believe it is
generally allowed, that water or damp abforbs
air very copioufly. Thus there may be no
great difficulty to fuppofe the aforefaid coating,
or covering with damp, vapour, or the like,
to do the fame: and admitting this, the dif-
ficulty of accounting for the irregularities and
deceptions of the pear-gage ceales at once.
In this cafe alfo, not only the abforbency of
the damp, &c. may be {o favourable to the
deception in the pear-gage; but if any of thefe
tubes thus covered on the infide with damp,
&c. are examined with a magnifying glafs,
they will appear like any other glafs that has
been breathed wupon, affording numberlefs
vacuities and lodgments in which the mer-
cury will entangle the rarefied air all the
way as it rifes in the gage. This verifies

Mr.
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Mr. Bewly’s fuggeftions in a very high de-
gree*. [See page 126.]

Notwithftanding all this difference in the
pear-gage, the upright boiled gage was not
fenfibly affetted, which was each time brought
down to three-tenths of an inch. And I
believe this to be the moft accurate meafurer
of air rarefied, or condenfed, to any degree of
which the apparatus is capable.

In the abftraét of Mr. Nairne’s letter which
Mr. Bewly {ent me on the 16th of December,
1776, he mentioned a great difference that
Mr. Nairne found, by including a piece of
box-wood in the receiver with the pear-gage:
after which I made fome experiments includ-
ing a piece of box-wood with the pear-gage
in the receiver; but found no difference.

* The Honourable Mr. Cavendifh feemed to have formed an
idea fomething fimilar to Mr. Bewly’s, as related in Mr. Smea-
ton’s anfwer to my letter to Dr. Watfon: which is noticed af-

terwards. '
[ See
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[ See note, page 139.] However, after I informed
Mr. Bewly of it, he wrote, by way of note
in a letter, dated January 29, 1777, as fol-
lows: ¢ Though you made your apparatus as
¢ clean and dry as poflible; yet you could not
¢ probably clear it of the humidity contained
‘1in the inner works of it. If {o, there might
¢ be no alteration, whether the box-wood were
¢ unider the receiver or not.” I think it {feems
as if he thought my pump did not rarefy far
enough to bring on'the difference with the
box-wood; which put me on making fome
more experiments with the pear-gage, to {ee
what degree of exhauftion 1s neceflary to make
a difference appear: and in order thereto, I
made two new pear-gages of very different fizes.

EXPERIMENTE, XL

One of the above gages, the tube part
of it being three inches above the bulb, held
feven penny-weights and fifteen grains of mer-
cury; and the whole gage contained fifteen
ounces, eighteen penny-weights, and ffteen
grains: having boiled the mercury in it, but
“ withous
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without box-wood or fheep-fkin, on exhauf-
tion it gave two hundred and fifty-four times
rarefaction; and the upright boiled gage was
brought down to three-tenths of an inch.

EXPERIMENT XIL

The fame gage not boiled, with a piece of
fheep-fkin, which weighed one hundred and
twelve grains, included in the receiver, now
gave fhifteen thoufand, two hundred, and
ninety-four times rarefaction: and the upright
gage was three-tenths of an inch as before,

EXPERIMENT . XIIL
The fame gage again, not boiled, and
without the ftheep-fkin, gave {eventy-eight
times; the upright gage being brought down
to five-tenths of an inch.

EXPERIMENT XIV.
The fame pear-gage with a piece of fheep’s-
leather, gave three hundred and {ixty-four
times; and the upright gage was at five-tenths

of an inch, as in the laft experiment.
EXPERIMENT
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EXRER IMEN T XKV,

The laft gage again, without the fheep’s lea-
ther, gave forty-five times; the upright gage
being brought down only to eight-tenths
of an inch.

EXPERIMENT  XVL
The former gage again, with the piece of
fheep’s leather, gave fixty-fix times; when the
upright gage was at eight-tenths.

EXPERIMENT. XVII.

With another pear-gage, the tube part of
which was five and a half inches above the
bulb, three inches of it held fix penny-weights
and twenty-one grains, and the whole gage
contained {feven ounces, nineteen penny-weights,
and twenty-two grains. ‘This gage being filled,
and the mercury boiled in it, without the
fheep’s {kin, gave one hundred and ninety times.
The upright gage was brought down to three-
tenths of an inch.

X EXPERIMENT
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EXPERIMENT  XVIII.

The laft gage, not boiled, and with the
fm.‘mer piece of fheep’s {kin, the upright gage
being brought down to three-tenths of an inch,
the former gave fourteen thoufand times rare-
faction.

EXPERIMENT XIX.
Bringing the upright gage down to five-
tenths, the laft pear-gage unboiled, and with-
out the fheep’s {kin, gave fixty-nine times ra~
refaction.

EXPERIMEN:. XX,

Bringing the upright gage down to five-
tenths, the laft pear-gage, with the fheep’s
{kin, and unboiled, now gave one hundred and
ninety-one times rarefaction.

EXPERIMENT XXI.

The laft pear-gage again, unboiled and
without the fheep’s fkin, -gave only thirty-
nine times, when the wupright gage was

brought
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brought down to only eight-tenths of an
inch.

EXEERIMENTF . XXdI.

The fame gage again, unboiled, and with
the piece of fheep’s fkin, the upright gage
being at eight-tenths, gave fifty-feven times
rarefaction.

In all thefe expé*iments, the pump was
ufed dry, and the receivers were cemented
down; and in all the firlt twelve experiments,
- the upright boiled gage was brought down to
three-tenths of an inch above the furface of
the mercury in the ciftern, as it was in expe-
riments the {ixteenth and feventeenth. And
by both thele laft gages it {feems very plain,
that the vapour, &c. had a confiderable effeét
at a much lefs degree of exhauftion than
what I ufed with the box-wood, by which
I found no effeét. Perhaps Mr. Nairne’s box-
wood was not {o dry as mine; and I did not
try it green, where the effet might have
plainly appeared. Now all thefe experiments

X 2 {eem
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feem fully to prove what has already been
obferved, namely, that this coating, or covering
with damp, &c. takes place moft where the
air 1s highly rarefied. [See page 149.] And
in all thefe experiments the degree of ex-
hauftion 1s taken by the pear-gage in an
eret pofition, of which notice has already
been given. [See page 120.] Thefe experi-
ments alfo further prove, 1le,thm: a common con-
ftructed air pump may be made to rarify
as much as one of the Smeatonian con-
ftruétion.

Mr. Nairne tells Mr. Bewly, November 22,
1776, that the pump with which thefe expe-
riments were made, 1s different from Mr.
Smeaton’s, ¢ and as a proof that it is not liable
¢ to be out of order, I need only mention that
¢ it has been worked almoft daily and hourly
“ fince the 21ft of O&ober till this day, and
¢ has not had a fingle drop of oil more than
¢ what was put to it when 1t was firft put
“ together, and at prefent I do not find but
¢ what it performs all its functions as well as

‘at
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“at firft*’ Hence thofe experiments appa-
rently were begun with this pump, at about
O&ober 21, 1776, but I knew nothing of
-what had happened any where, except what
I myfelf was doing, till the »th preceeding:
fo that I think my dilcoveries, relative to the
fallacy of the Smeatonian pump and gage,
ftand quite independent of every thing elfe,
any where, or at any time; and that all Mr.
Nairne’s experiments, except what was fhewn
in April 1776, were pofterior to my difcove-
ries relative to the pump and gage. But
the real exiftence of the vapour, by boil-
ing the pear-gages, I did not dlfcover till
afterwards. :

It appears that many Gentlemen of the
Royal Society were prefent with Mr. Nairne,
when he fhewed Mr. Smeaton the great dif-
ference between the two gages, &c. in April
1776, [lee page 134 ] one of whom was the

* A ftrong proof of the excellency of the manner in which the
workmanthip was executed.

Hon.
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Hon. Mr. Cavendifh, whofe great philofophi-
cal knowledge 1s well eftablithed. He then
recolle¢ting fome former obfervations, very
readily fuggefted an Aypothefis, whereby to
account for the difference between the two
gages which he had juft before feen. The
fubftance of this Aypothefis is given by Mr.
Nairne 1in the Philofophical Tranfaétions, but
fomething different from the manner in which
Mr. Smeaton gave it in his anfwer to my firft

letter to Dr. Watfon, as will appear by
and by. '

On the third experiment in Mr. Nairne’s ac-
counts [ fee page 136,] a note 1s given, which
fays, ¢ It may be proper to take notice, that the
¢ pump, In every experiment hereafter-men-
‘ tioned, was worked ten minutes, except where
‘1t 1s otherwife mentioned.” By this note it
may appear, as if ten minutes were thought full
long enough to work the pump. Hence it
feems he had not tried what might be done
by working the pump any longer time, or
even fuppofed it neceflary with the pear-

gage:
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gage; though it appears as if he did with the
barometer gage. And I fhould in general
have thought the fame, for I do not re-
member that I worked my pump five minutes,
nor above three, my receiver being {mall, [{ee
page 116,] for any one of thele experiments;
and yet, I apparently produced as great a
degree of rarefattion as any one. But in the
{ucceeding experiments his ingenuity led him to
fee what would happen by working the pump
half the time, that 1s, five minutes, and then
pufhing down one gage, purpofely having two
of them at the {ame time in the receiver; but
ftayed till the pump had been worked ten
minutes before the other was pufhed down,
in order to fee the difference produced by the
difference of the time of working the pump.
Thus when the firft gage was puthed down in
this experiment, no more air was {uppofed to
get out of this gage; although the pump was
kept working to ten minutes. Accordingly
‘the hrlt gage indicated but a low degree of
exhauftion, to what it did in the former ex-
periments, when the pump had been worked

ten
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ten minutes. This difference, one would
think, might have pointed out the trial of
working the pump with a pear-gage, as much
longer than common, as this laft experiment
was fhorter; in order to fee what difference
that time of working the pump would make,
I think it could have done no harm: and in
particular, after what Mr. Nairne had repre-
fented to Mr. Bewly, December 19, 1776,
when referring to the elaftic vapour, (the idea
of which the former informed the latter, he
had from Mr. Cavendifh) he fays, ¢ The man-
¢ ner I account for thefe appearances is this: I
¢ imagine that there is contained in the leather,
¢ &c. an elaftic fluid which is kept in a fixed, or
condenfed ftate by the preffure of the at-
mofphere, but when that preflure is in part
taken from it, it turns into an elaftic vapour,
mixes with the dilated air and 1s exhaufted
¢ with it out of the receiver. That when the
¢ pump has been kept continually exhaufting
¢ for ten minutes, there then remains in the
¢ receiver and Smeatonian gage only a four
¢ thoufandth part of air, the other being the

¢ elaftic

[ o1

"

Lo

L,
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¢ elaftic vapour, which returns to its original
¢ fluid ftate on being prefled by the atmof-
¢ phere; in the fame manner as fteam when
¢ turned 1nto water, which, 1f I remember
¢ right, takes up thirteen thoufand times more
¢ {pace when in fteam than in water, and I do
¢ imagine the longer the pump is kept exhauft-
¢ing that lefs air would be left in the Smea-
¢ tontan gage.” However, this feems to have
efcaped all his careful variety of examina-
tions; yet he might try it, and not finding it
to anfwer, omit to mnfert it. But he found
the barometer, or upright gage, the fame at
five minutes working, as it was at ten. If
the pear-gage was not thus tried, perhaps
what prevented it might be the difcourage-
ment given by Mr. Cavendifh, that 1s, ¢ that
¢ being continually generating and condenfing
¢ would never be exhaufted,” as related in
Mr. Smeaton’s anfwer to my firft letter, on
this fubjeét, to Dr. Watfon, which, as I re-
ceived it, appears as follows: ¢Seceing thefe
¢ experiments, at which were prefent Mr.
¢ Cavendifh, Mr. Aubert, and fome other

Vi friends,
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‘ friends, and its turning out as Mr. Nairne

-

had faid, Mr. Cavendifh {uggefted, that
under a certain degree of abfence, of preflure,
of atmofpheric air, that the moifture in, and
about the pump and glafles, raifed a vapour
from the watery particles that being conti-
nually generating and condenfing would
never be exhaufted, and which prefled upon

‘ the open leg of the {yphon and raifed the

column in the other juft as much as a light
preflure of air; but as this watery vapour
would even promote the efcape of the at-
moipheric air from the receiver, whenever
the return of the atmofphere drove the mer-
cury up into the pear-gage, the watery va-
pour condeniing to the fide of the tube, left
nothing but the proportion of atmofpheric
air, that under thefe circumfitances remained
to be unoccupied by the quick-filver; in con-
firmation of this idea, he defired that the
experiment might be tried, that all moifture
might be avoided as much as poflible; and
as 1 remember, the fyphon gage came much
necarer to the level: and, as I believe, the

pear=
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b car-gage fhewed a lefs rarefaéion. But I
¢ was the lefs exact, in noting the particulars,
¢as I intimated to Mr. Cavendifh my defire
¢ that he would give the fociety an account
¢ of the experiment with his explication upon
¢ it, which appeared to me equally new and
¢ curious, therefore, in hopes that Mr. Ca-

¢ vendith would do it I refted the matter
¢ there.’

The former being Mr. Smeaton’s exhibition
of Mr. Cavendifh’s hypothefis, that in the
Philofophical Tranfaétions now follows. ~ After
feeing the gages differ {fo much from one
another, Mr. Nairne fays, ¢ Mr. Cavendifh
‘accounted for it in the following manner.
¢ It appeared, he faid, from {ome experiments
¢ of his father’s, Lord Charles Cavendifh, that
¢ water, whenever the preflure of the atmof-
‘ phere on 1t is diminifhed to a certain de-
‘ gree, is immediately turned into vapour,
¢and 1s as immediately turned back again
‘ into water on reftoring the preflure. This
¢ degree of preflure is different according to

Y2 the
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‘ the heat of the water: when the heat 1s 72°
‘ of Fahrenheit’s f{cale, it turns into vapour
¢ as foon as the preflure is no greater than that
¢ of three quarters of an inch of quickfilver,
‘ or about one-forticth of the ufual preflure
¢ of the atmofphere; but when the heat 1is
‘only 41°% the preflure muft be reduced to
¢ that of a quarter of an inch of quickfilver
‘ before the water turns into vapour. It is
‘ true, that water expofed to the open air will
¢ evaporate at any heat, and with any preflure
¢ of the atmofphere; but that evaporation 1s
¢ entirely owing to the aftion of the air upon
¢ 1t: whereas the evaporation here fpoken of
‘ 15 performed without any afliftance from the
¢ air. Hence 1t follows, that when the receiver
¢ is exhaufted to the abovementioned degree,
¢ the motifture adhering to the different parts
‘ of the machine will turn into vapour and
‘ fupply the place of the air, which is conti-
‘ nually drawn away by the working of the
‘ pump, fo that the fluid in the pear-gage, as
¢ well as that in the receiver, will confift in
‘ good meafure of vapour. Now letting the

S alr
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¢ air into the receiver, all the vapour within
¢ the pear-gage will be reduced to water, and
¢ only the real air will remain uncondenfed;
¢ confequently the pear-gage thews only how
¢ much real air is left in the receiver, and not
‘ how much the preflure or {pring of the
¢ included fluid 1s diminifthed, whereas the
¢ common gages thew how much the preflure
¢ of the iIncluded fluid is diminifhed, and
¢ that equally, whether it confifts of air or
¢ of vapour.

¢ Mr. Cavendifh having explained fo fatis-
¢ factorily the caufe of the difagreement be-
‘ tween the two gages, 1 confidered, that, if
‘I were to avoid moifture as much as pof-
¢ fible, the two gages fhould nearly agree:
¢ this induced me to make the following ex-
¢ periments.’

Hence 1t appears as if Mr. Nairne did not
recolle&t Mr. Cavendifh’s defiring all moif-
ture to be avoided, and the experiment to
be tried, by faying, ¢ I confidered that if I

were
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were to avoid moifture,” &c. any more than
Mr. Smeaton did Mr. Cavendifh’s defcription
of the neceflary heat of water to evaporate in
an exhaufted receiver.

The idea of the elaftic vapour feems to be
allowed on all fides, as Mr. Cavendifth’s own:
and were it not for the principle on which the
idea itfelf is founded carrying with it fuch an
infurmountable obftacle, the idea would not
be fo eafily thaken; but as it is refted upon
n fuppoﬁtmn that on the admiflion of com-
mon air to it, or on the admiffion of it to
common air, the effect being the f{ame in
both, it becomes of no confequence, or returns
to its original {tate; thus the hypothefis
feems wholly to deftroy itlelf. He fays, ¢ but
¢ as this watery vapour would even promote
¢ the efcape of the atmofpheric air from the
¢ receiver,, &c. or as Mr. Nairne relates, in
the Philofophical Tranfations, ©that water,
¢« whenever the preflure of the atmofphere on
¢ it is diminifhed to a certain degree, is im-
¢« mediately turned into vapour, and is as im-

mediately
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¢ mediately turned back again into water on
~ ¢ reftoring the preflure: or, that, it1s conti-
¢ nually drawn away by the working of the
¢ pump, or, as he faid to Mr. Bewly, that
¢ it mixes with the dilated air and 1s exhauited

¢ with it.” On thefe premifes, it {eems al-
moft impoffible that this vapour fhould by
any means promote the efcape of the atmof-
pheric air: for if it fhould be able to aflift
the rarefied air to lift up any valve, (and in
particular, one whofe refiftance is equal to Mr.
Smeaton’s) in the middle part of it, yet when
it gets to the limits of its confinement, that 1s,
at the edges of the valve, it 1s inftantly driven
back whence it came: {eemingly as if the
common air ftood to watch it with a fure
weapon, ready to demolifh 1t at its attempting to
make its efcape. Or it might be reprefented
more familiarly, by {uppofing a fhower of
rain and hail falling upon a large plate of
glafs, or the like, on which the fhower
would fall, rain and hail mixed together; but
the hail would by the fall be made to bolt
back, or up again; and although the water
| might
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might lie lurking ready to ‘pafs, yet it could
never get through the glafs, any more than
either the dilated air, or the vapour under
the receiver, could eflcape at the valve.

In Mr. Cavendifh’s hypothefis, he fays, as
related by Mr. Smeaton, ¢ the watery vapour
‘ condenfing to the fide of the tube left no-
‘ thing but the proportion of atmofpheric air,
¢ that under thefe circumftances remained to
¢ be unoccupied by the quickfilver.” I think
he mult confider the vapour to condenfe, and
lodge perfectly {mooth, contrary to the na-
ture of vapour, damp, &c. on the inner fur-
face of the tube, &c. and to leave no lodge-~
ments, or cavities, for any of the air to lurk
in, as the mercury rifes in the gage. But
there is not a fingle hint in the hypothefis, or
the experiments, towards making the vapour
appear, in any fhape, to any of the fenfes;
and it is much to be doubted whether any of
either vapour, or air, enters the tube more
than what is perpendicularly under the column
contained in the tube-part of the gage, agree-

| ably



i M UEO A HUIRNIP T BMOP. 169

ably to the rules of hydroftatics, namely, that
fluids prefls equally in all dire€tions: whereas
the boiled gages make it plainly appear; and
alfo, if they are examined with a magnifier,
that there are mmnumerable cavities, &c. as al-
ready obferved, for the air to lurk in, all the
way up in the bulb, be it ever fo large, as
well as the tube of the gage: and mnﬂly the
larger the bulb 1s, and the {maller and fhorter
the tube 1s, the greater is the deception, if the
unoccupied part of the gage is taken in an
erect pofition. But Mr. Nairne does not men-
tion how he took the unoccupied part of his
gages, whether in an erect, or horizontal po-
fition; which makes a very great difference.
[See page 120.]

In the Philofophical Tranfactions, page 623,
it is faid: ¢ Now letting the air into the re-
¢ ceiver, all the vapour within the pear-gage
¢ will be reduced to water, and only the real
¢ air will remain uncondenfed; confequently,

‘ the pear-gage fhews only how much real air
Z s
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‘15 left in the receiver*.” DBut the pear-gage
no more fhews how much real air is left in
the receiver, than what is left in the gage 1t-
felf; on account of the lodgments and cavi-
ties, formed by the damp or vapour, on the
fides of the glafles, &c. nor do thofe expe-
riments make it appear that the vapour is
reduced to water.

Mr. Nairne fays, ¢ The other being the
elaftic vapour, which returns to its original
fluid ftate on being prefled by the atmofphere;
in the fame manner as fteam when turned into
water,” &c. [See pages 161 and 162.] But
this 1s fomething contrary to moit of the other
conceptions of this vapour; which fuppofe
that it is changed immediately into water, or
its original {tate: whereas fteam feems to re-
main fome confiderable time before it is per-
feftly turned into water, or back again into
its original {tate.

L ol

L

* The fame is maintained alfo in Phllﬂfﬁphlcal Tranfactions,
pages 636 and 637.
On
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On the firfk of May, 1777, Mr. Bewly
wrote to me as follows: ¢ In a letter which
I received this morning from Mr. Nairne,
¢ whom I had informed of fome of the par-
‘ ticulars of your experiments, he {ays, there
¢is certainly fomething or another that Mr.
¢ Brook does not attend to; otherwife there
‘ would not be that difference in his gages:’
and then gives fome examples with his gages,
adding, that ¢ they always agree, I never find
‘ my gages differ. He {ufpects too, as 1 did,
‘ that you have not attended to the fzme. The
‘ time of working the pump 1s certainly a very
‘ material confideration; if the hypothefis of
‘an elaftic vapour be true.’” In reading Mr.
Nairne’s account in the Philofophical Tranfac-
tions, I was very glad to fee, that he after-
wards found a difference in his gages, as well
as I had done in mine*. And in refpeét to
attending to time, all my guide was the bring-
ing the boiled upright gage as low as I could;
which I believe never exceeded three minutes,

* See Philofophical Tranfactions, pages 626 and 627.
7 and
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and often not fo long; and yet my apparent
powers, or degrees, or number of times rare-
fying, were equal to any, as mentioned juft
befare: fo that the time does not appear to
be of {o material a confideration as was be-
lieved, whether the truth of the hypothefis
be admitted or not.

Having ufed my pump indifferently with
wet leathers, &c. and having informed Mr.
Bewly, that the effet went off in fix or eight
hours, and fometimes much fooner, by work-
ing it often in the time; and fending ac-
counts of fome experiments, to him, made
with the pump in that ftate, and from the in-
tercourfe between himfelf and Mr. Nairne,
the latter advifed the former not to ufe any
water or leathers {foaked in water, for he muft
never expett his pump to exhault after he
had ufed water, any thing like fo near as it
did before. This being contrary to what I
had told Mr. Bewly, it added much to my
{atisfaltion in reading Mr. Nairne’s account in
the Philofophical Tranfattions, to find, that

Ty
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my former obfervations to Mr. Bewly were
{fo flrongly verified*.

Mr. Nairne, having been defcribing the
confiruction of his long and fhort upright
gages, fays, ‘gages made with thefe precau-
¢ tions feem to me to be the moft to be de-
¢ pended upon, in determining the actual di-
¢ minution of the preflure on the furface of
‘ the quickfilver in the cifternt.” And it may
be readily fuppofed, that this fort of gages will
be the moft to be depended upon in every pneus
matical operation relative to rarefattion or con-
denfation. For the pear-gages {hew nothing at all
till after the defigned exhauftion is over; whereas
the other forts do it continually from the leaft
to the greateft degree: and even after the de-~
figned exhauftion is over, the pear-gage fhews
no more than the other would under the
fame circumftances, that is, by being boiled,
mnamely, that there is a vapour, &c. that
arifes and takes place on the fides of what-

* See Philofophical Tranfations, 642. + Ib, page 610,
cver
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ever is within the receiver, at a confiderable di-
minution of atmofpherical preflure: and this
verifies that part of Mr, Cavendifh’s hypothe-
fis in a very high degree.

After finding Mr. Nairne’s comparifon of
the two pumps inferted in the Philofophical
Tranfactions; as I knew him to be as great
a ftranger to {ecrets as Dr. Prieftley is to per-
fifting in a miftake; the next time I went to
London I took one of my boiled upright
gages with me, intending to alk his leave to
let me try one of his beft Smeatonian pumps
with my gage, which he feemed with great
pleafure to grant: and he having jult before
finithed a new pump on that principle, with
fome additions and improvements, he readily
gave me leave to try what I liked with it
and defired his foreman to aflit me. DBut
when we had put my gage on his pump, and
exhaufted it, he feemed to be {omething dif-
appointed, to find that his pump would not
bring my gage any thing like fo low as he ex-
pected.  We repeated our trials, but the re-

{ult



R ECATRY P UM P 175

fult was the fame: and I fhould have been
equally difappointed had his cafe been mine;
though he faid but little about it: nor could we
with that pump, which was finifhed 1n the
beft manner, bring my gage o low as I could
with thefe pumps which I myfelf had made,
by full one-tenth of an inch: and I could
only fuppofe it to be owing to the difference
of boiling the gages: which, to me, {oon
appeared very plainly to be the cale; though
Mr. Nairne had conceived by verbal defcrip-
tion that my method of boiling them could
not be fo perfet as his, on account of the
pofition in which I held my gages, while
they were boiling. Accordingly he defired
his boiling apparatus to be got ready, in or-
der to let me fee his method of boiling ;
which was done: and I could do no lefs than
offer to fhew him my method, which was
likewife done one night after we had been
at the meeting of the Royal Society, where
he was {fo obliging as to alk me to go with
him. And as I was boiling a barometer
tube, he feemed fatisfied that my method of

boiling
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boiling was not inferior to his, in regard to
perfection*; though 1 found that he could
boil feveral to my one: but it appeared to me
that his method was {carcely boiling at all, or
little more than heating them pretty hot: nor
did it appear to me that he could boil a pear-
gage at all. Some little time after my return
home I received a letter from Mr. Nairne,
in which he informed me, that they had dif-
covered that fome of the fhoulders of the
pump which I tried at his houfe, were not
{crewed fo clofe as they fhould have been;
which was the reafon why the pump would
not exhauft any further. I gave him for an-
{wer, that if the fhoulders were not {crewed
clofe, the pump would not have been air-
tight; but in that refpect it appeared to be
very perfect; therefore that could not be the

* Notwithftanding all this, the next time I faw Mr. Nairne,
he had, amidft his mulsiplicity of bufinefs, quite forgot my boil-
ing a barometer tube for him, though fome of his workmen, who
were prefent, remembered it very well: alfo he did not remem-
ber my fending him a boiled gage for an air pump, from. Nor-
‘wich, which I had alfo done,

reafon
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reafon why it did not exhauft any further.
Here {eems to be a more full demonfiration,
that the common conftruted pump may be
made to exhauft equal to the Smeatonian one.

From the experiments related in Mr. Nairne’s
accounts in the Philofophical Tranfattions,
which appear to have been condutted with
a great deal of ingenuity and care, together
with thofe herein related, I think it plainly
appears, that the {uppofition relative to the
excellency of the Smeatonian conftruéted
air pump, arofe entirely from the fallacioufnefs
of the pear-gage; and that the common con-
firuéted pump, as well executed as Mr. Nairne
does his, will exhauft as much as any hitherto
conftructed *.

Some time towards the latter end of April
1777, I received a letter, dated only mudnight,

* Mr. Nairne informed me that he has lately conftruted an
air pump fo as to work without a valve in order to exhauft further,
but I do not remember that he told me how much farther than
his former pumps it would exhauft.

A a from
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from Mr. Bewly, inclofed with a latin pam-
phlet, which pamphlet was fent hither to afk the
afliftance of Dr. Manning, in a phrafe or two,
which the Doctor readily gave him in a note
concerning the pamphlet, with a poft{cript;
and fent it to me to forward to Mr. Bewly;
which I did May 10, 1777. The following
is the fubflance of the pofifcript. < Would
¢ Dr. Anybody, or Mr. Anybody, at London,
¢ or any where, have {uppofed that the Smea-
‘ tonian pump would do no more than any
“ other good pump; which was Mr. Brook’s
« firlt difcovery ; and alfo that the Smeatonian
¢ gage was not an accurate one, or at leafl, that
¢ it varied fo much from the other, and that it
¢ alfo varied fo much in itlelf at different times,
¢ before his experiments led the way? but
Mr. Bewly gave no anfwer to the poftfcript,
although he wrote to me various times very
{oon: on which Dr. Manning gave me another
note to enclofe in a letter which I fent to
Mr. Bewly, June 2, 1777. I tranfcribed the
note, and the following is a copy of it. ¢ Dr.

¢ Manning’s compliments to Mr. Brook, and
¢ thanks
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‘ thanks him for the perufal of Mr. Bewly’s
¢ letter, he 1s much dilpofed to be pleafed
¢ with any thing of his, as he has formed a
¢ good opmion of both his head and heart;
‘ but pray inform him that he does not feem
‘ to apprehend the meaning of his quefton
‘ added to your former letter, I will therefore
‘ mtimate what it meant, namely, in plain Eng-
¢ lith, that the whole courle of experiments
¢ relative to the two gages and the prefent
¢ comparifon of the common pump and that
¢ of Mr. Smeaton’s, took their rife from your
¢ experiments communicated to Mr. Bewly
¢and Dr. Watfon.” So that it {eems to me,
that I am not the only one who thinks,
if any claim 1is to be laid to the difcovery of
the fallacy of either pump or gage, that I
have the greateft.

As obferved before, Mr. Smeaton defcribes
his improvements, if they were {uch, on the air
pump, in the XLVIIth Volume of the Philofo-
phical Tranfactions; and he defcribes two ad-
vantages in one paragraph, page 420, which

Aaz : runs
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runs thus: ¢ Another advantage of this con-
¢ firution is, that though the pump is com-
pofed of a fingle barrel, yet the preflure of
the outward air being taken off by the up-
per plate, the pifton 1s worked with more
eafe than the common pumps with two
¢ barrels: and not only fo, but ‘when a con-
¢ fiderable degree of rarefaclion is defired, it
¢ will do it quicker; for the terms of the feries
« expreffing the * quantity of air taken away
¢ at each firoke do not diminith fo faft, as
‘ the feries anfwering to the common one.

[ 5]

[ o

The former of thefe two advantages is at-
tended with two notes; and feems to want
more, to enable it to keep firm on its bafis:
the former is as follows:

< [t is obvious that thefe 1mprovements
¢ will equally obtain, whether the pump is
¢ conftru@ed with a fingle or double barrel.’
And the latter ftands thus:

¢ Becaule,
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¢ Becaufe, though the preflure of a co-
¢ lumn of air, equal to the diameter of the
¢ pifton rod, ftill prefles upon it, yet, as there is
¢ only the friction of one pifton, and that not
¢ loaded with the weight of the atmoiphere, the
“ friction of the leather againft the fide of the
¢ barrel, and that of the rack and wheel, 1s much
¢ lefs: {o that notwithftanding the addition of
¢ fri€tion 1n the collar of leathers, that of the
¢ whole will be lels.

In the double barrelled pump, the piftons
are connected together by the racks and wheel;
therefore, whatever is lifted up by one pifton
is prefled down by the other, exclufive of
the frittion; and though there is the frition
of the leathers in both barrels, his has like-
wife the friction of the pifton againft the
barrel, and the fri¢tion of the rod in the col-
lar of leathers: and though the rod is lefs in
diameter than either of the piftons in the
double barrelled pump; yet the Smeatonian
pifton i1s much larger, otherwife one of the

fuppofed advantages is loft. And although it
1s
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s faid that the piflon s worked with more eafe
than the common pumps with two barrels; yet I
cannot find how it can work with fo little
cafe, 1f they are well executed: but perhaps
Mr. Smeaton here means by common pumps,
thofe of an inferior {ort of workmanfhip; if
not, then I think the principle is much in be-
halt of the common pumps.

The other advantage, which is, to rarefy
quicker, 1s left without any afliftance; there-
fore, is almofl ready to fall of itfelf. For with
two barrels, their fize need not be over large,
to be equal in capacity to the Smeatonian
fingle barrel, whatever they may exceed it.
And as the wheel in the latter is ufually made
{maller, and the winch longer, in order to
make the labour lefs, than in the former, and
the barrel confiderably longer; confequently
the hand has to pafs through a much greater
fpace. I think that, upon an average, four
dips, or ftrokes, with the two piftons, may be
made, in the fame time, or perhaps {fooner, than
one, in the Smeatonian confiruction. And if

one



TUHEE CA TR VE M P. 183

one barrel in the double conftruétion fhould
take away only half the quantity of air at
each dip of each pifton, that the fingle bar-
relled conftrution will do; then if only two
flrokes (namely, one ftroke with each pifton)
with the former, can be made in the fame
time that one ftroke can be made with the
latter, I think the quicknefs of exhaufting is
nearly equal; or if a greater number of ftrokes
can be made with the former, in the {fame
time, than one in the latter, I think the com-
mon pumps, like that which I faw, which
came from Mr. Nairne, particularly with a
{mall alteration* 1n the pifton, are very much
preferable. Confequently this deftroys what is
advanced in the fecond note,

The firft note fays, ¢it is obvious, &c.
Therefore of what ufe is the note, as it illuf-
trates nothing? for the improvements, if they

* This alteration I thihk I could plainly fhew to any body,
particularly to a workman: but I cannot well do it in writing,
without a copper-plate.,

WEre
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were fuch, which the note refers to, feem to
be defcribed in a preceeding paragraph which
is as follows: ¢Hence, as the pifton may
‘be made to- fit as near to the top of the
‘ cylinder, as it can to the bottom; the air
¢ may be rarefied as much above the piften as
¢ it could before have been in the receiver.’
But the improvement referred to feems to be
of no ufe, namely, a method to aflilt the
valve to rife eafier. For I believe 1t will rea-
dily be allowed, that, be the conitruction
what it will, there muft always be air enough
left to raife the valve; alfo, that this will be
the cafe no longer than a more perfe& vacuum
can be made in the barrel below the pifton,
than there i1s in the receiver on the pump, be
their capacities little or great: and alfo, that
this will be the cafe, whether, or not, the
pifton works in a partial vacuum; for as the
pifton in a common pump can be made to fit
at the bottom as clofe as it does in a fingle
barrel pump; (and I think they may with
care be either of them made to fit as clofe
as any other fubftances, or furfaces, even {o as

to
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to exclude all air between them, as to fenfe)
then, whether the barrel works in a partial va-
cuum, or not, the fpace under the pifton will
be as perfet a vacuum, as the materials will
admit; unlefs any air can get into that fpace
out of the receiver: which will depend chiefly
on the eale with which the wvalves can be
made to open and fhut, and the Smeatonian
upper valve 1s equally expofed to the preflure
of the common air, as the upper valves in a
common double barrelled pump. Therefore
the fuppofed ufe of the note, as well as the im-
provement it refers to, does not clearly appear.
Neverthelels, the plaufibility, with which the
whole is related, is excellent, and wants no af-
filtance whatever. Probably, this brought on
that ftrength of expreflion by Mr. Bewly.
[fee page 127.] However, exclufive of all
thefe plaufibilities, and {uppofed excellencies,
the principle 1tlelf, on which they are
built, runs diametrically oppofite to that moft
perfet and unerring rule in mechanics, as
well as throughout all philofophy, that what-
ever 1s gained in power is loft in time.
Bb
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HOEVER obferves the Barometer at-

tentively, with refpeét to the altera-
tions of the weather, relative to wet and dry,
will find, that though its indications are not
always certain, yet on the whole it is moitly
{o, or, that it is the beft diretor we have.
The theory of it being very well underftood,
I fhall omit it, and chiefly attend to the man-
ner of making that inftrument.

A variety of incidents following each other
brought on my making barometers. It al-

Bbe ‘ready
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ready appears what occafioned the difcovery of
the fallacy of the Smeatonian pump and g;;ge:
one circumitance was the quuiry of various
perfons about them, one of whom was Mr. 1.
Fergufon, F.R.S. who, as already obferved,
gave a courfe of lettures in Norwich, in the
year 1769, and the lumincus flafk in his lec-
ture on.ele&ricity was the firtt 1 ever faw;
and though I had no air pump to do it as he
did, he told me how to make one without a
pump; which was, b} _]mmnga tube to the
mouth of a flafk, then filling both with quick-
filver, and inverting them in the Tﬂrric-‘:ﬂi

way, and {ealing the mouth of the flafk be-
fore I feparated them. My method of joining
the tube to the flalk was by the help of ce-
ment : but by the warmth of cementing the
flafk and tube together, previous to their be-
ing filled, I fm*nd much damp in the ﬂa{k
when T had feparated 1t from the tube. I
afterward tried to difperfc the aforefaid damp
in the flafk, by warming it before feparation;
but found no advantage. This put me upon
trying a thin n]afs tube in the Torricellian me-

thod 3
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thod 3 but, when it was filled with mercury,
I found it was not {o clean as it {hould have
been or.litiiappeared as if ‘wet withinfide:
and having but'a fmall ftock of tubes, I was
the' more anxious about preferving them: but
by 'having 'Mp. Beighton’s:account ' of Mr.
Orme’s manner of managing them (which was
alfo merelyincidental as will foon appear, and
of which notice' will be taken in the fequel)
I tried to difperfe: the moifture by heating the
tube with the mercury in it before a common
fire; which {foon turned the moifture into
large bubbles of air: thus I was encouraged
to-tryi to get them: out of the tube: but they
chiefly> vanifhed ‘when they came where the
tube and 'mercury ' 'were cold.

"My ‘next rapparent: refource was, firft, ‘ta
drive ‘away' all the moifture from the ' {ealed
énd’ of the tube, and then to make its' whele
length pafs 'the heat in fucceflion: which!an-
fwered wery well,cand left:the mercury: very
bright in'the tube. Bi: " &

1 -3 ; ! { |
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Finding the advantage of this laft method
fo plainly to appear, a more convenient me-
thod to heat them foon occurred, and was
eafily put in practice. Thus, by the time that
I had done three or four tubes, I found that
I made them as perfect as I could make them
at all. But though this method affifted me
confiderably afterward, I was much difap-
pointed in my prefent purfuit, namely, of
making the exhaufted flalk for eleétricity: for
let the tube be of any length it would above
the mercury as a barometer, I could not
make any eleftrical light appear in the void.
Soon after this, I finithed my air pump, al-
ready mentioned; with which I reduced the
column of mercury to half an inch: but the
effet was the fame. So that I got no aflifl-
ance from heating, for making luminous flafks:
nor did I now want it. And as the aforefaid
method of heating 1s what I fhll prefer, I
fhall briefly defcribe it. I procured two fheets
of tin from the tin-plate workers (iron is bet-
ter, as will appear by and by) bent to a right
angle in the middle of it the longeft way, and

riveted
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riveted together, one at the end of the other.
A partition of the fame 1s fixed about ten
inches from one end, with a part cut out
from 1its upper fide to within a little more
than an inch of its bottom, and about three-
fourths of an inch wide. The wholeis to be
placed on a ftand of a convenient height, on a
declivity, making an angle of about ten de-
grees with the horizon, with that end upper-
moft towards which the aforefaid partition is
fixed: then above this partition, lay fome
baker’s coals (in preference to charcoal) clofe
to the partition, in order to be kindled; of
which two or three handfuls are fufficient for
one tube.

After this preparation, take a glafs tube not
lefs than three feet long, with a bore -about
three or four twenticths of an inch in diame-
ter, but not more (as will appear afterward)
and the tube to be nearly as thick on all fides
as the diameter of the bore, that it may be
fufficiently ftrong. Let this tube be nicely
{fealed, or clofed, at one end, and let it be as

clean
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clean’ as’ poflible:  then fill'it with mercury
as pure ‘as pollible; when the c¢oals lare.
kindled in the caldron, or fire-holder, lay 'the
fealed end of the tube, with the mercuty in
1t, mto the place cut out of the partition, upon
the" lighted coals: if the fire 'be flack, blow
it a httle with the mouth, or the liké; let 'the
tube lte amonglt the lighted coals, till the mer-
cury in it boil pretty ftrongly.  When the firft
part of ‘the tube appears to be fufficiently
boiled, ‘move it onward, by little and little,
and {o on the whole length of the tube.

After the tube is filled in the common way,
before it is put upon the fire, take out about
three inches of the mercury at its open end, in
order for room, that the mercury may play
up and ‘down as it boils, without' being loft.
Thus, by taking thefe methods, I find no in-
- convenience arifing from the heat of the tube
in holding it whilft it  is boiling; for, by the
time that the fealed end has paffed the fire,
before the other comes to be fo near it as to

be too hot to be held in the hand, the former
will
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will be cold enougsh to hold the tube by,
while the remaining part of it goes on. [See
Monthly Review, Vol. XLIX, page 584.]

Tubes for barometers prepared in this way,
I find generally, will fupport a column of
mercury of the fame height: or, that inftead
of a variation of half an inch, as {ometimes
happens with thofe made in the common
way, the former will very {feldom vary half a
tenth of an inch. Alfo, if they are well
boiled, the mercury will always be fufpended
to the top of the tube, and will not fall down
to its proper height, till 1t be fhaken pretty
firongly to bring it down; and fometimes I
have had them fo {ftrongly fulpended, that
after the barometer has been fent many miles,
it has been returned as ufelefs. One inftance

of this kind happened at the time I was writ-
ing this article.

The fufpenfion of the mercury to the top
of the tube occurred in the very firft tube that
I heated before the common fire, though the

Cc adhefion
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adhefion was weak; but the more perfeét fuf-
penfion did not occur till afterward; which
feems to be owing wholly to a more perfeét
exclufion of the air, damp, &c. from within
the tube: whence the adhefion appears to
be ftronger between the glafs and the mer-
cury, than it 1s between the particles of mer-
cury ‘ themfelves; for the mercury will fre-
quently {eparate at an inch or more from the
top: of the tube, and fall down to its proper
height, while the upper part of the cclumn
will remain {fufpended where it was. Then,
by inclining the tube, the mercury will
- join, and {ometimes only a part of the co-
lumn that remained will come down, and a
fhorter part of it will ftill remain fufpended;
which is’ brought down likewife by inclining
the tube; and fometimes this will happen
months after the barometer has been finifhed

and fixed up.

When the tubes are completely boiled, they
may be hung up with their fealed end down-
wards, till they are wanted, when they may

be
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be cut off to their proper length, with a file,
in which I never exceed thirty-two inches
and a quarter, (preferring the upright baro-
meter) and then they may be fitted up in
whatever manner may be thought moft pro-
per, either for ornament as well as ufe, or
for ufe only, either in a portable way or
not. But if they are to be fitted up in
a portable way, I always preferve a hole
through which the air may circulate into the
ciftern, which 1is opened or fhut by means
of a fcrew, and 1s equally good as if it were
open all round.

Not long befere the time that:the foregoing
obfervations occurred, it happened, that I,
profeflionally, purchafed a colleétion of books,
&c. amongft which was No. 448, of the Phi-
lofophical Tranfaétions, which contains the
account of Mr. Orme’s improvements of the
barometer, given by Henry Beighton, F.R.S.
which {tands as follows.

C'c 2 ¢ Mr.
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“ Mr. Charles Orme’s improvements of the
‘ barometer, by the method following:

‘ Firft, the quckfilver is all purified from
“its drofs and earthy particles by diftillation;
“and when the fube is filled by a pound and
‘ half, two or three pounds of mercury, and
“ all the awr got out by the methods ufed in
¢ filling tubes, then the remaining air is got out
“ by fuch an untenfe heat of fire as makes the
« mercury bo; by which ebullition an innu-
‘ merable quantity of {mall particles are emit-
‘ted, and blow with a great velocity at the
< open end of the tube, till all the air is quite
¢ cleared out; which curicus as well as fa-
¢ tiguing operation 1s continued for the fpace
¢ of four hours: and when no more bubbles
¢ would nife in the fube, it remained whole,
‘ with its mercury of a moft lively fparkling
‘ brightnefs, with this difference only, that
¢ the mercury, {o purged from its air, did not
“ fill the tube fo high as when firft put in by
¢ about two wches; which is a plain demon-
¢ {ftration, that in that fube, which was 49

¢ mnches



THE BAROMETER. 197

¢ wnches long, there was interfperfed in the mer-
¢ cury at firft filling it, fo much aw as would
¢ fill two inches of the faid twbe, which was a
“ 24th part of the faid fpace.

¢ The whole operation I myfelf attended the
“goth of January, 1734-5.

¢ And further I can affirm, that every part
¢ of the mercury boiled for a long time, and
° the tube was gradatom {fo red hot, that with a
¢ warm knife I could make impref{lions in any
¢ part of it.

¢ And this I the rather mention, by reafon
¢ I have heard feveral perfons, and thofe not
¢ incurtous, - affirm it was impoflible.

¢ And that this 1s the moft fure and certain
¢ (if not the only) method for getting out all
¢the air, may be judged by the boiling of
¢ water, which in its ebullition does emit a
¢ great quantity of aw for a long fpace of
¢ time.’

We
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We are none of us at prefent, that I know
of, {o fortunate as to be mafter of the art of
bending glafs tubes, or making impreflions on
them, when they are filled with mercury, by
any means whatever, I have often, in vain,
wifhed {fo to do: which makes me ready to
think, that Mr. Beighton muft, fome way or
other, have been as much miftaken 1n this, as
Dr. Prieftley found himfelf to be, relative to
the Smeatonian pump or gage, already ob-
ferved. And I muft own that I fhould have
been much more ready to believe it, were
it not, that all my own obfervations in
boiling tubes or the like, diretly contradict
the falt. I will here relate a cafe which hap-
pened before I had made mylelf fo much ac-
quainted with boiling tubes, &c. as I was
afterwards.

Having formed a plan to make a baro-
meter in an inverted pofition, in order to
get it more out of the way of accidents, I
made a bulb fufficient to hold about a pound

of mercury, at the end of a barometer tube
of
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of a fufficient length, to be turned up at the
lower end, fyphon-wife, that the rife and fall
of the barometer might appear in the turned-
up part, which inverts the {cale; and the
bulb at the top to anfwer the end of a ciftern.
I have always found barometers made 1n this
way to fupport the longeft column between
their upper and lower {urfaces: and as the
fact is a fufficient proof, I omit the theory at
prefent.

I fay, I have found barometers made in
this way to fupport the longeft column, when
boiled; but boiling them in this fhape was
not fo eafy at firft. When the bulb and its
tube were filled with mercury, in order to be
boiled, I put the bulb in a hollow place
amidft the coals, with the barometer in an
crect pofition, in order that the bubbles might
- rife into the tube, and afterward be driven out
by boiling in my common pofition. But,
in my hafte, I did net confider the preflure
of the whole column of mercury on the bulb,
and that it would retard the appearance of

ifs
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its boiling; fo that I heated it very mucn,
even fo hot, that the bulb was foftened enough
to give way: but the mercury being fo much
preflled and heated, as foon as the glafs gave
way, the mercury contained in the bulb in-
ftantly turned into vapour and difperfed en-
tirely, and only what was in the tube ran down
into and through the fire, which was very
fleet. So that I cannet conclude upon Mr.
Beighton’s defcription of Mr. Orme’s method
any otherwife, than that he muflt have been
very much miftaken, or knew very little about
it. Belides, whenever I difhill mercury, I al-
ways do it in a glafs veflel, but never find
the glafs to be at all foftened : and when T boil
the mercury in the tubes, either thick or thin,
they appear to have no foftnefs or tendency
to bend in the leaft.

And T muft own, that I never found any
fuch diminution in the length of the mercury
in the tube after boiling, as is above de-
fcribed ; provided that I took care to lofe

none of it out of the tube while it was boil-
ing
b |
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ing : which makes me think, that there mult
have been fomewhat elfe befides the explofion
of the air that the mercury contained; which
was the caufe of the tube not being filled fo
high as when the mercury was firlt put in by
about two inches, or a twenty-fourth part of
the fpace; nor did I ever find any blowing at
all at the open end of the tubes, though 1
have occafionally boiled tubes much fmaller
and much larger (as will appear very {oon)
than Mr. Orme’s appear to be, wherever
they are feen: fo that I cannot think the
demonftration of either is plain enough to be
depended’ upon.

Mr. Beighton, {peaking of the boiling, &c.
fays, ¢ which curious as well as fatiguing ope-
¢ ration 1s continued for the {pace of four hours:
¢ and when no more bubbles would rife in the
¢ tube it remained whole,” &c. I am fure that
if the heat were continued four hours more, if
there were mercury enough remaining uneva-
porated in the tube, the rifing of the bub-

bles would likewife be continued: my tubes
Dd never
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never take up more time, to boil one of them,
than three-fourths of an hour, and often not
{fo much. Therefore I muft conclude, that if
Mr. Beighton had been as much acquainted
with the boiling of mercury in tubes of glafs,
or the operations carried on in a laboratory,
as he was with thofe carried on in the clouds
and the atmofphere, he would never have
written his paper in the manner it now ap-
pears.

Amongft the aforefaid colieftion of books,
&c. was a pamphlet written by E. Saul, A. M.
which in many parts is very curious and exaé,
but not altogether fo throughout. In this
work, pages 51 and g5, Mr. Saul recommends
the floping barometer.  In page 101, for an
upright barometer, he recommends a tube of
nearly half an inch diameter (it muft be fup-
pofed that he means the bore of the tube) in
order to judge of the convexity or concavity
of the furface of the mercury in the tube oc-
cafioned by the alteration of the preffure of
the atmofphere on the mercury in the ciftern;

and
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and that the mercury will nfe and fall {fooner
than in a fmaller bore; Mr. Saul here fays,
“ if the mercury appears to be concave, or de-
‘ prefled more in the middle, than at the
¢ fides of the tube,” &c. But it 1s certain that if

a tube be clean withinfide, the mercury will ne-: ~ .-

ver appear concave on the furface, be the tube
great or {mall, and in particular atits fides. Let
any common clean phial, of any fize whatever,
be partly filled with pure mercury; the {ides
will always appear convex and the middle not

deprefled, even if a fyphon be applied in the
middle of it to decant it out of the phial:
all the time that the furface of the mercury is
finking, its fides will have a convex appear-
ance; but if the phial be moift, or the mer-
cury foul, the furface of the latter will not
be the fame: 1t'is only where purity is want-
ing, that concavity takes its place with refpeét
. to mercury 1tfelf in thefe cales.

At the end of the XLVIIth Volume of
the Monthly Review is the annunciation of
that. almoft 1ineftimable work of Mr. De
760 Ddze Luc’s,
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Luc’s on the barometer, &c. which was about a
year after I had acquired the method to boil
tubes for barometers*, and I cannot but own
that the manner of the finifhing of the ac-
count in the Review concerning it rather pre-
judiced me agamfit it. However, when the
book came to me, I read it with as much
pleafure as I ever had in reading any book
whatever: and although he knew no more
of what I was doing, than I knew of what
he was; if I had put down my own obfer-
vations and defcription of the appearances and
procefs of boiling tubes for barometers, they |
would have been as near to his as if we had
had the moft familiar intercourfe.

The preference that 1s to be given to tubes
whofe bores are not very large and their fides
pretty thick, arifes chiefly from the danger that
attends them 1n carriage or on any removal:
befides, a tube of about two lines bore I find
to be much eafier, and f{ooner boiled, than

% ‘Cee the rote in Monthly Review, Vol. XLIX, page 585.
cnec
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one whofe bore 1s three or four lines in dia-
meter : and the apparent fpecks of air are
more eafily kept from being left behind. But
in tubes whofe bores are large and their fides
and tops thin, the motion of the mercury at
any time very much endangers them. Mr.
Nairne, knowing my method of boiling ba-
rometers, &c. {ent two tubes, with large bores
and thin fides, ready filled to me to boil for
him; which I did, and returned them as fafely
packed as I could: but before he received them
~ they were both broken to many pieces; con-
fequently all the mercury as well as the tubes
were loft and {poiled. But I never knew
one fuch as I have already defcribed, to
break in carriage. When tubes are well
boiled, they feem to me to be much more
liable to be broken by the motion of the mer-
cury, than tubes that have been but moderately,
or not at all boiled. I fay, they feem to me
to be much more liable to be broken, for this
reafon, that m%oxled tubes, the lining, that
Mr. De Luc very jultly {peaks of, greatly
faves them, and foftens the firoke of the

mercury
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mercury againft the glafs: for the firoke is ma-
nifeftly fmarter in tubes that have been well
boiled, than itis in tubes:that have not been
boiled at all; owing to the air, or that lin-
ing, which “nothing will difplace but heat,
being -all difperfed, and’ the glafs being left
quite bare and naked: {o that the {troke of
the mercury ‘meets with' no refiftance but ex-
erts its force immediately on the glafs; and
the glafs has ‘no defence againft the mercury. "

Thofe = apparent {pecks of air, jult men-
tioned, though in boiling they have that ap-
pearance, yet- they feem to be nothing but
mercury -in an evaporated ftate, or the va-
pour of mercury not perfectly condenfed, till
the tube grows cool;, when they quite difap-
pear: yet I do not like to leave them behind.
When the mercury is boiling in the tube
pretty firongly, there will often be a fpace
of an inch or two, or more, in tubes, whofe
bore is rather fmall ; which fpace at the fame
time is perfectly filled with vapour from the
mercury ; and appears, while hot; extremely

elaftic,
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claftic, "and diaphanous as air’ itfelf:  and, if
care be taken, when the fire is rather low,
the upper fide of the bore will {oon become
ftudded with particles of mercury condenfed
upon it: but' while the vapour ' remains
uncondenfed, ‘its. elafticity appears to = be
very great. Mercury, when boiling, feems
to turn much fafter into vapour, than water
when boiling into fteam; and likewife turns
very quickly into mercury again, when 1n
a cool place, if care be taken to Plﬁfﬁriﬁ
it from elcaping. 51l

The thicknels of the glafs has been faid
to hazard the bre:ﬂking of the tube at the
time 1t 1s boiling. But if ‘the bore be not
lefs than one eighth of ‘an inch, they may
be very fafely boiled, if the fire be ' fmall-anéd
clear: but if the fire be large or long, theif
prefervation 1s. very hazardots. ' A tube one
eighth of an inch 1n the bore may very fafely
be'boiled; let:the thicknefs of the | glafs, mode-
rately {peaking, be what 1t will, A tube lmlf
an inch dlamf*m divided into thrce p'!l’fi:'

two

by
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two for the thicknefs of the glafs on each
fide, and one for the bore, is as good as any,
In my opinion.

If a tube break whilft it is boiling, great
part of the mercury is liable to be much da-
maged, by amalgamating with the tin on the,
plates in which the fire is laid : but if, inftead
of fheets of tin, an iron one is at hand, the
amalgamation 1s all avoided : yet if the mer-
cury be fouled in this or any other wa}-’,' by
having tin, lead, or the like mixed with it;
it is eafily reftored to its original purity by
diftillation, be their quantities what they will:
but if the proportion of adulteration be ra-
ther fmall, the mercury is flill more eafily
made as perfeétly pure by agitation ; a method
difcovered by that indefatigable philofopher
Dr. Prieftley ; which method was much im-
proved by Mr. Bewly, and afterward much
more improved by the Rev. Mr. Morgan;
and by which it is now become very ufeful*.

* The method I ufe for this purpofe is, to boil the adulterated

mercury in a common four ounce phial for the fpace of about a
minute,
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Whatever may be the cale in general with
barometers, thofe made after the preceding
method (two of which I have had by me
more than ten years) do not appear to be
the leaft impaired for a long Ipace of time,
but fuftain the fame length of column as in
one newly boiled: fo that by this, as well as
by the air pump, pure mercury does not ap-

Ee pear

minute, in which time very little, or none, of the included mer-
cury will evaporate out of the phial, or lefs time will do if the
whole of the mercury boil perfeétly in the phial, over fome lighted
coals from a baker’s oven, being lefs offenfive than charcoal: but
a common kitchen fire will do as well, if it be not too fierce:
then take it from the fire, and when it is cool, thake or agitate
the mercury in the phial pretry ftrongly: and if the quantity of
adulteration be not very great, a quarter of a pound of the adul-
terated mercury fo boiled, and brifkly agitated in the phial, will
become perfeétly pure in lefs than a quarter of a% hour: but if the
adulteration is very much, or if the quantity adulterated be a pound
or more, in the former cale the operation will fucceed much bet-
ter, by mixing fome pure mercury unboiled with that which is not
pure and has been boiled; and then churning or agitating them
together: or in the latter, it will do quicker, by pouring about a
quarter of a pound of it at a time, into another phial, and churn-
ing it in that, and fo on till the whole is purified, putting the pu-
rified portions all together in a feparate phial: when the fouled

mercury
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péar to imbibe atmofplieric air, or but in an
extremely {mall degree, and very different to
what Mr. Beighton has reprefented it, if the
vellel be clean in* which the pure mercury is
contained: but if the veflel be foul, the air
which the foulnefs contains will make itfelf
appear on the air pump; yet it cannot be faid
to come out of the mercury. One of the

aforefaid

mercury has been churned fome time, inftead of appearing
nearly enough done, it looks much more foul, and the purifica-
tion comes on almoft all at once as to appearance; which may
feem fingular: and if the quantlty of fouled mercury be 2 pound
or two, a beginner in this way of purification may be dif-
couraged by its not going on fo faft as might be withed. In this
cafe, divide the fouled mercury into fmaller portions, as be-
fore obferved. When the fouled mercury has been fufficiently
agitated, and is become pure, the adulteration will turn black
and adhere to tlie fides of the phial, or fwim on the furface
of the purified mercury ; and they will not eafily mix to-
gether again: then pour the purified mercury through a fun-
nel made of common writing paper, with a {mall orifice at the
bottom : the purified mercury will run through the funnel, and
leave all the blacknefs or aduiteration in the funnel, where it may
be fqueezed by the fingers; and force the remaining part of the
mercury through the funnel: but the foulnefs will all rerhain be-
hind, fo that very little of the mercury need be wafted through-

out the operation,
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aforefaid barometers has very often been
placed on an air pump; and the column of
mercury in it brought down to within lefs than
half an inch of the level with the mercury in
its ciftern, and as often let up again: {lill the
ercury apparently iirikes the top of the tube
as {martly, as if 1t had mever been brought
down at all: and taking the whole time of
the aforefaid, more than ten years paft, the
columns of mercury in thefe barometers
have been, for more than two-thirds of the
time, not lefs than thirty inches high be-
tween the furface of the mercury in the cif-
terns, and the furface at the tops of the co-
lumns in the tubes, and often-times very much
higher, yet I have {een them down to 28, 35:
and 30, 82 was the higheft I ever faw them.

b e R T
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PPEARANCE of fleel wire at and after different firokes
Aurora Borealis, examination of the air during -

Air Pump, obfervations on the 2 L e :
- a Smeatonian one examined - -
- 1ts conftruétion confidered -
- when its fallacy was difcovered - -
Adams, Mr. his delcription of my Eleftrometer imperfedt =
Battery Eleétrical, experiments made with the . 3
charged negatively - -
conftruction of it - i
its conftruétion altered - o
Brafs wire, the ftretching of it - % .
Bottles, firuck through in thin parts - 2
Barometers, my method of preparing and boiling them a
fimilar to Mr. De Luc’s - =

Mr. Nairne fhews me his method = o

=————— what kind fupports the longeit column -
e 10 blowing when boiling them - -
atl floping recommended by Mr. Saul -
Bramerton, a Thunder Storm at = e i
Bewly, correfpondence with, on the Leyden Phial -
Smeatonian Pump, &c.
Cement, what it is made with S ) 3
Calcination of the furface of Stecl-wire - .

Page
45—47

| e

113, &c.
114, 115
181—185
114, note
24, note
I—07
48, 49
Introd. iv.
43, note
29, 3z
43> 44
190

204

175

159

201

zZ0z

72

79 e,
124, &c,
52z, note

T 5
Charge,
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Charge, how much glafs will bear ;. ~ ”“h]g;
- to know, before-hand, how much is fufficient for any E},'a!p.:jf:;d. pur-

Pl 2 ; ¢ ; 42—44

Comparifon of furfaces differently difpoled = - 102, &c.
Cavendifh Hypothefis, h-}:" Smeaton - - 163
Mairne = ¥ p 15]

Difcharping Rod, a new one defcribed - - 20~—24
Degrees of Heat, various ones in one flroke - - 50: 53
Denton, a fingular Thunder Storm at - - 69
De Luc’s method, fimilar to mine - - . 205
Eleftrometer, a new one defcribed - - . 2—14
-- an improvement on Mr. Mairze's - 18=20
——————-- intelligible - ® - - - 16
— -- Mr. Lane's improved - - ' 18
Eleétrical Experiment, a remarkable one - g 75
Machines, coniiderations on their conltruftion - 108, 109
Franklin’s Theory of the Leyden Phial confirmed - 78, note
(3lafs, how high a charge it will bear - - 14, 15
Heat, different degrees of, in one firoke - = 50
Hypothefis on the Pear-gage, the Cavendith, by Smeaton - 152
-= Mairne = 163, 164

Leyden Phial, ftate of its infide and outfide whillt charging, 77, &,
its charge changed - 83—g1

method attempted to preferve them - 95, &c.

will not take the higheft charge when clean - 99

defcription of foiling its naked part - 111, note

Lane’s Eleftrometer improved - - - 18
M:mning’s Dr. notes - - - 1?3. 179
Mercury fufpended - - - 193
———- and glafs, their adhefion - - . 194
- clean, will not be concave - - = 203
- method to purify it - - - 208, 209, note
Morgan’s, Rev. Geo. method of purifying mercury improved -~ 209
Nairne’s exhibition of the Cavendifh hypothefis - - :53_‘::.
- - exhibition of his Gages contraditory - - 171
-- pumps contraditory - - 172

————- Pump tried with my gage 2 - i 174
——- and my{elf fhew each other our methods of boiling barometers 17§
Orme’s improvement on the Barometer - - - 195

Peara
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Page

Pear-gage, difcovered to be fallacious - o e 117
——awe~ Dr. Prieftley examines it - - 131
convinced of its fallacy \ - - 132

- water faveurable to its deception - L 140
s = bo1led ones introduced - g 4 14z
————- vapour in it difcovered - - 149
- Mr. Cavendifh’s hypothefis concerning it - 158

- fhews nothing till the exhaultion is over - 173

- Mr. Bewly’s conjelture upon it - - 126
Prieftley’s, Rev. Dr. and Bewly’s correfpondence on the Pear-gage 127, &c.
Rarefaftion, method to efimate the degree of - 121, 12z, note
Silk, on the rubber, the great ufe of - - - 98
Smeaton’s Air Pump examined - - - 113, &c.
Saul, Rev. Mr. on the Barometer - - Hnis
Thunder ftroke, the effet of onc at Denton - “ 69
another at Bramerton - - 72

2 - compared with an eleétrical battery - 74
Storms, the ftate of the clouds in - - a1

cloud reprefented - - - = 108

Tubes of glafs, large ones not fo good for barometers - 204, 20§
boiled ones more fubjett to break - 205

proper fize for them - - 208

Vapor elatic, Mr. Cavendifh’s own idea s . 166
impoffible to efcape - - 167

Volta’s Ele@trical Rods - - - 103
Valve, a Smeatonian one confidered = - 123, note
Wires, of different forts of metal melted - = 1, &c.
brafs = = - 13—33, 5+_55
—_— - Safer than fteel - - e I g
copper = . i 57, 58, bo—62

fafer than fteel, or brafs - 6z

—— lead - - - 64—567
the outer furface calcined - - - 53

= their method of fhortening - - 41
=0 different heats at one ftroke - - 50
the length of them attended to, as well as their fize 6z, 63

Water, or moilture favourable to the deception of the Pear-gage 140

Walker, Rev. Geo. afliits me with the Smeatonian pump 114
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