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XXUL Defeription of an improved Air-Pump, and the Lecount
of Jome ULixperiments made with it. By Mr. Tiberius Cavallo,

E.R. S.

Read July 3, 1783.

HE principal improvements which the air-pump received:

fince 1t was firft invented, were contrived by Mr. sMEA-

TON, F.R.s.and are defcribed in the XLLVIIth volume of the

Philofophical Tranfa&tions. Thisingenious gentleman, confi~

dering the imperfections of the air-pumps ufually made, not

only found means to corret feveral of them, but improved

almoft every part of the machine, {o as to render it incompara-
bly fuperior to any thing of the kind done before.

It appears, by fome accurate experiments of Mr. NATRNE,
F. R. s. defcribed in the LXVIth volume of the Phil. Tranf.
which were made with an air-pump conftrufted after M.
SMEATON’s principle, that by means of the beft air-pumps
made before Mr. sMEATON’s invention, the rarefaction of the
air within the receiver could never have been brought to more
than forty or fifty times, if the heat of the place was about
57°; that even with Mr. sMEATON’s pump the receiver could
not be exhaufted beyond 70° or 8a° of rarcfaltion, when moift
leathers were ufed, or moifture was in any way ntroduced
within the receiver; but that when this pump 1s quite free

from moifture, and is newly cleaned, oiled, and put together,
then.
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830 Mr. cAVALLO’s Defeription of
then the air may by it be rarefied about 6oo times, and not
tarther *.

The principal caufe which prevents this pump to exhauft
sarther than that limit is the weakened elafticity of the air
remaining within the receiver, which, decreafing in proportion
as the quantity of the air within the receiver is diminifhed,
becomes at laft incapable of lifting up the valve, which opens
rhe communication between the receiver and the barrel ; confe-
quently no more air can in that cafe pafs from the former to
the latter.

‘T'o remove this principal imperfection of the beft air-pumps
had been attempted by feveral ingenious perfons; but, as far
as I know, was never obtained before the happy contrivance of
the air-pump, which I am going to defcribe in the following
pages.

Being in want of a good air-pump, and imagining that the
opening and fhutting the communication between the barrel
and the receiver might, inftead of the valve, be performed by
means of a ftop-cock, particularly conftructed upon an idea of
mine; I communicated my plan, about the latter end of
the laft year, to Mr. JACOB BARNARD HAAS, an mgemous
workman 1n the plnlofophlml -inftrument w way, who, in part-
nerfthip with Mr. jouN HENRY HURTER, had lately eftablithed
a manufactory of philofophical inftruments. Mr, maas re-
marked, that according to my plan the friCion of the parts of

¥ The degree of rarefaction fhewed by what is called the pear-gage, when any
vapour of water is within the receiver, is not to be confidered as the degree of
rarefattion of the elaftic fluid in the receiver, but only of the air; for though the
air may be exhaufted, yet the vapour of water will fupply its place,;, we fhall,
therefore, only -ake notice of the exhauftion when no vapour or moifture is within

the receiver,  See NAIRNE’s Experiments, Phil. Tranf, vol, LXVIL,
1 the
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the machine would be too great, and therefore the pump, if it
anfwered at all, was not likely to be durable. In confequence
of this, he confidered upon fome plan or other which might
anfwer the fame purpofe in a better way, and {oon hit upon a
method of lifting up the valve at the bottom of the barrel,,
and of fhutting it again at pleafure ; which method being put
into execution, has been found to anfwer exceedingly well..

Befides this capital improvement, his air-pump is rendered
altogether more convenient for philofophical experiments, by
anfwering feveral purpofes, which will be enumerated after its.
defcription.

Plate 1. thews a perfpetive view of this pump. Plate II..
exhibits a geometrical delineation of its metal or working parts.
detached from the wooden frame. And plate IIL reprefents a
fetion of its parts. The letters of reference are made to an~
fwer to the fame parts in all the plates.

In plate III. fig. 1. AABI is the barrel of the pump, to the
brood or flat ends of which are {crewed, by means of five
{crews, the pieces CE and K, with leathers between, to render
the junures perfeétly air-tight *. ‘The upper picce CE con-
tains the collar of leathers for the handle or axis GG of the
pifton to go through, and the bafin F, which ferves for a cap
to {fcrew down the leathers, at the fame time that it holds the
oil, which may be put into it, in order to let the collar of lea-
thers hold very tight ; though itis thewn, by experience, that
when the leathers are perfeétly foaked, there is not the leaft
occafion to keep any oil in the bafin F. The fame upper piece

# All the leathers ufed for this pump are foaked in melted hog’s lard; and
when the parts of the inftrument are put together, a little oil is fmeared upon
thofe furfaces of the brafs pieces which go againft the leather, though this oil may.

“be fpared..
CF
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CE contains the valve at E, which lets the air pafs upwards,
but prevents its return, and which is fo contrived as that, when
the pifton isdrawn quite to the top of the barrel, theleaft pof-
{ible quantity of air fhould be left into the barrel. The parts
which form this valve are thewn feparately in fig. 3. where
¥,3 is a brafs piece that {crews into a proper cavity made for
its reception in the piece CE, and which 1s hollow, except its
lower part, where it confifts of a thin lamina perforated with
a {fmall hole 3. Into the hollow of the laft mentioned part is
fcrewed the other perforated piece 2,4, having a flip of oil-filk
ftretched over its lower part 4, and tied round a {mall inden-
ture or groove made on its lower part. This {lip of oil-filk
anfwers better than a piece of bladder or leather: it juft covers
the hole 3, and is about four times broader than the diameter
of ‘the hole.

It will beeafily conceived, that when the air is forced through
the hole 3, it will lift up the flip of oil-filk, and paffing by the
fides of it, and alfo through the large perforation of the piece
2,4, will go upwards, &c.; but can by no means return back-
wards, fince any preflure, that the air makes on the upper part
-of the oil filk, will only ftop the paffage more effectually.

A valve much like this is in the pifton, the parts of which are
thewn feparately in fig. 4. #1s a perforated brafs piece {crewed
to the cylindrical handle er axis GG, which 1s alfo perforated
with a fhort and bent hole. The piece x is {crewed into the
part #, and contains a valve, iz, a fmall piece 6 with a {lip of
oil-filk tied round its groove yy, which {lip of al-filk bears
againft the hole 5. The piece » {crewing into the other piece
u, faftens the round leathers which, about thirty in number,
form the ftopping part of the pifton, and rub with their edges
againft the cavity of thebarrel. This s a very ufeful improve-

ment,
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ment, fince the common way of ufing two leathers turned over
corks is both troublefome to make, and f{eldom fits exacily.

The picce K faftened to the lower end of the barrel is per-
forated with a hole, the direion of which is clearly feen in
the figure, and which communicates with the perforation of
the round piece L, which is fcrewed to K with a leather be-
tween. The perforation therefore of K communicates with
the cavity of the brafs tube RS, this being foldered to L. The
part of the piece K, which projects within the barrel, is {mal-
ler in diameter than the cavity of the barrel, and the inter-
vening fpace is exaétly fitted by the moveable ring 8, 8, the two
parts of which are fcrewed together, holding faft between, the
edge of a piece of oil-filk, which {tretches over the upper part
of the piece K, and covers its aperture. A vertical view of the
above-mentioned oil-filk, with five holes in it, is thewn in
fig. 6.

It appears from this defcription, that the air can pafs through
the valve from without to within the barrel, but not vice ver/d.
It will be alfo eafily conceived, that the air can pafs from the
cavity of the tube R through the perforation of the pieces L
and K, within the cavity of the barrel, only when the faid air
has elafticity, or force enough to puth up the oil-filk. Now the
principal improvement in this machine is, to lift up the oil-filk
by a power applied externally, when the weakened elafticity of
the air within the cavity of the tube R, &c. 1s not capable of
doing it by itfelf, and here follows the defcription of this me-
chani{m. |

The double ring 8, 8, which holds the oil-filk, is faftened to
two fteel wires 9, 9, which are thewn in fig. 5.5 this figure
being a fefion of the lower part of the pump through a plane
perpendicular to the plane of the feGtion, fig. 1. Thofe wires

Vor. LXXIII. M m m pafs
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pafs through collars of Jeathers held in proper brafs boxes HQ_,
{crewed to the piece K, and furnithed with eaps, 11, 11. The
Jower extremities of the wires are faftened to the crofs bar, 7, 7,
of the brafs frame, OO0, a vertical view of which is thewn
in fig. 4. of plate 1L :

From the middle of the piece L, fig. 1. pl. T1L a pillar M
proceeds, the lower part of which, branchingintotwe herizon-
tally, forms an axis %, , fig. 4. pl. IL about which the brafs
frame OO0 moves a little way upwards and downwards.

. It appears from this defcription, thatif the frame OOO fig. 4.
pl. 11I. is moved upwards, the wires 9, g, and likewife the double
ring 8, 8, with the oil filk, being all connetted together, will be
pufhed alfo upwards ; confequently, the oil-filk being removed
from the hole of the piece K, a free communication is opened
between the cavity of the tube R, and the cavity of the barrel,
through which the air, however rarefied or weakened in elafti-
city, can pafs without the leaft impediment.

~In order to move the brafs frame upwards, the end of a lever
P bears againft it. This lever is thewn in fig. 3. of plate II.
which is a front view of part of the pump, whereas fig. 1. of
the fame plate is a fide view of it. The center of motion of
the lever is at 13, that is, between two fide prominences of
the piece 12, 12, which is faftened by fcrews to one of the
wooden pillars of the frame of the machine. The part 15 of
the lever, which proje&ts beyond the wooden pillar, is made
with a joint, by which means it may be turned upwards, as
reprefented by 17, for packing it more conveniently.

When the valve 1s to be opened, the foot of the operator
mutt prefs upon the extremity 15 of the lever, by which means
the other extremity P, the frame OOO, the wires ¢, 9, and
the double ring &, 8, with the oil-filk, are all lifted up. But in

order
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order to bring down again all thofe parts, and to thut the valvg
when the preflure of the foot is removed, there is an open
brafs tube N, faftened to the picce K, -which contains a {piral
{pring, that, bearing again{t the extremity of the brafs frame
OO, puthes it downwards.

This principal mechanifin being difpatched, it will be very
ealy to defcribe the remaining parts of this excellent machine :
but before we proceed to that, I fhall briefly defcribe another
mechanifm, which Mr. maas has lately contrived, to fupply
the place of that juft mentioned, wsz. of the lower part of the
inftrument, as being much more fimple, and capable of an--
fwering the fame purpofe.

A fe&ion of this new thought, which he is going to execute
for another pump, is thewn in fig. 7. of plate IIL

AB is the lower extremity of the barrel. CCDE is a piece
of brafs perforated quite through with a large and cylindrical
hole, and is fcrewed to the barrel inftead of the piece K of fig.
1. with a leather between. On one fide of this piece CDE,
part of the furface is flattened, and to it is adapted, by means
of fcrews and a leather, the piece of brafs G, to which the
tube H is {oldered, which correfponds to the tube RS of fig. 1.
The aperture of CC, towards the cavity of the barrel, is co-
vered by a piece of oil-filk, like that reprefented in fig. 6.
which iskept ftretched by a brafs ring LL, funk into the piece
CCD.

Within the cylindrical perforation of the piece CCDE, there
is a long pifton KI7, confifting of the following parts. IK is
its axis, which fpreads at top into a flat plate 7, and the lower
extremity of which is faftened at N to the lever MO, which
moves round the center M.  Towards the middle of the axis,
there is a piece of brafs, the fhape of which is more eafily

Mmm a2 underftood
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undertood by vinfpeé’cing the figure, than by averbal defcription,
which piece confines the round leathers from itfelf to the plate 7,
and alfo from itfelf to the other plate, which is {ferewed upon
the axis at K.

Between the lalt mentioned plate and the cap F, there is a
fpiral fteel {pring, which always pufhes the pifton upwards.
Laftly, the axis of the pifton is perforated from its top till
towards the middle, where the perforation, opening fide-way,
communicates with the cavity of the tube H.

Now, when the pifton is puthed upwards, as it always is
when the extremity O of the lever is not prefled down, then
the oil-filk at LI, laying againft the plate », covers the hole
of the pifton, confequently it fhuts the communication be-
tween the barrel and the cavity of the tube H, &c. But if
this communication is required to be opened, then the extre-
mity O of the lever is prefled down, which will feparate the
upper part of the pifton from the contact of the oil-filk, {o as
to open the communication as required.

- Let us now return to the defcription of the other parts of the
machine, as thewn in fig. 1. The upper extremity o of the
tube RS is made conical, and is fitted by grinding into the
ftrong brafs piece of communication UX/; the cap T ferving
to tighten it*. The extremity # of the oppofite piece #p is
likewife fitted by grinding into the part /, and 1s tightened by
the cap m.  Juft over the faid conical extremities # and o, and
into the fame piece of communication UX/, are adapted two
{top-cocks Z and A, which are tightened down by the caps

% All the parts of this pump, that are fitted to cach other by grinding, as the
ftop-cocks, the extremity of the tube RS, &c. before they are put together, are
imeared with a mixture of bees-wax and oil melted together, in order to let them
ftop the better, and to prevent their wearing by friction,

Y and
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Y and 73 but as thofe ftop-cocks muft be turned by means of a
key adapted to their {quare tops, and in that cafe their frition
againft the caps would unfcrew or tighten them ; thereforea rng
is put round each cap, which ring is prevented from turning by
a pin, and is faftened round the cap by means of a {crew with a
milled head. Thefe rings are feen in fig. 1. of plate II.  Each
of the ftop- cocks is perforated with a hole, which goes from one
fide to the bottom of it.

The upper part of the piece of communication terminates in
a ball @, into which the lower and conical extremity 4 of the
tube 4 is adapted by grinding, and is faftened by the cap c.
The tube 4 15 foldered to the part ¢, which is made faft to the
upper board of the frame of the machine, and to which the
plate ff, having the rim gg, is {crewed with a leather between.

The lower part of the picce #p is fcrewed with a leather be-
tween to the top of the ftrong brafs veflel grs, and is termi-
nated as appears in the figure, for a reafon that will be made
evident in the fequel. 'The veflel g5 is faftened to the middle
thelf of the wooden frame by fcrews 553 and it has a perfora-
tion at bottom, which is fhut by the {crew nut #, and ferves to
let out the oil, which, after working the machine for fome
time, will be found lodged in the veflel ¢7s.

The tube E# is foldered into the piece D, and likewife into
the veflel mentioned above, wherein it proceeds till very near
the top of the veflel, where it opens.

The pifton of the pump, with its axis GG, is moved up-
wards and downwards by means of the rock-work, wheel,
and handle; which parts being clearly thewn in fig. 1. and 2.
of plate II. and alfo being nothing new, require no farther
defcription.

4 To
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"T'o the fore-fide of the ball 2, on the ftrong piece of com-
munication, is adapted by a crofs-piece and a {crew, the gage
which fhews the exhauftion of the pump. This gage may be
{een in fig. 1. of plate IL. It confifts of an outward glafs tube
containing a little quickfilver; and of an infide tube, which,
like a barometer, 1s filled with, andnverted into, the quick-
filver of the large tube. The infide tube is fupported at top by
a {pring focket. A f{mall wory fcale, with divifions, encom-
pafles ithe {mall tube, and {wims upon the furface of the
quickfilver in the large tube. By means of this fcale the ex-
hauftion of the pump may be begun to be meafured, after that
the air is rarefied at leaft thirty times.

To the other fide of the ball 4, vz, oppofite to the gage,
there is a f{crew-nut, which, by means of a leather, fhuts a
hole made in the {aid ball, and ferves to open the communica~
tion between the receiver and the atmofphere. This nut, be=
fides a milled head, has a {quare filed on 1t, to which a key
may be applied, in orderto open the {crew more eafily, and by
degrees ‘without jerks, which can hardly be avoided when the
nut is opened by one’s finger applied immediately to it, This
nut is {feen in plate L

I thall forbear from any more prolix defcription of other gages
that may be adapted to this pump, as alfo of other parts necef~
f{ary for performing experiments with it, thefe things being
very well known at prefent, and containing nothing new.

Now, as to the working of this pump, a bare infpetion of
fig. 1. in plate III. will thew, that by the action of the pifton,
when moved up and down into the barrel, the air will be ex-
haufted from the cavity of the tube RS, of the ball 2, tube 4,
and of courfe from the glafs receiver that is put upon the plate
#fs for when the pifton, after being let down, is drawn upwards,

X the
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the under part of the barrel remains without any. air;: confe-
quently the valve at the bottom of the barrel, having no pref-
{ure on -one fide, will be puthed up by the airin the receiver,
which expand’ing comes through the tube RS\,‘A and part of it
‘pafles into the barrel. Then the pifton on being let down, the
air pafles through the valve of the pifton, to the upper part of
the barrel, and when afterwards the pifton is-drawn up, this air is
forced through the valve at E into the tube D7, from thence
into the veflel ¢s, through the channel p#, and, laftly, it will
be expelled into the atmofphere through the aperture 4.

As fome {mall quantity of oil is always neceffary to be put
into the pump, this oil, by the aftion of the pifton, is brought,
together with the air, towards the tube D, and would come
out of the hole £ if the veflel 45 had not been placed to re-
ceive 1t ; and it is for this reafon, that the lower part of the
piece pn is thaped as thewn in the figure, and that the tube D7
is made to proceed almoft as far as the top of the veflel ¢s; for
if the oil was permitted to come out of the aperture £, it
would be fcattered about the inftrument and the operator, by
the violence of the air coming out of %.

As this pump exhaufts exactly in the fame manner as other
pumps do, the lever which opens the valve at the bottom of
the barrel is not to be moved, except when fuch a degree of
exhauftion is required as cannot, be made by the inftrument
itfelf, viz. when worked in the ordinary way. In fat, it will
be feen by the gage, that when the mercury cannot fall any
lower by the ufual way of working the pump, it will be in-
ftantly deprefled by opening the valve at the bottom of the
barrel, which evidently fhews the great advantage of the im-
provement. In general, the lever may be begun to be prefled,
or, which is the fame thing, thevalve to be opened, when the
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gage fhews that the exhauftion of the air is to about 100 times,
viz. that the quantity of the air remaining within the receiver
is about the one-hundredth part of the air that was contained
in it before the exhauftion was commenced. Care muft be
taken to open the valve only whilt the pifton is drawing up,
and to remove the foot from the lever the moment. that the
pifton is impelled downwards, otherwife the work is ufelefs.

In the fituation in which the pump is thewn by fig. 1. pl. III.
it 1s evident, that as the action of the pump determines the air to
move from the tube RS into the barrel and from the barrel up
thetube D7, &c.; it is‘;bevident, I fay, thatif a receiver is placed
upon the plate /7, the air will be exhaufted from it. But if the
ftop-cocks Z and 4 are {o turned as that the fide hole of the
cock 4, as well as that of the cock Z, is turned towards X,
then, by the action of the pump, the air, inftead of being
exhaufted, is condenfed into the receiver properly placed upon
the plate ff; for now the air coming from the atmofphere
‘through the aperture X goes down the cavity of the tube RS,
enters the barrel, and from the barrel is impelled upwards
through Dr, through p#n, through a, 4, 4, and laftly into the
receiver, which in that cafe muft be prefled down, as is ufually
done in condenfing engines. 'This fituation of the ftop-cocks,
viz. when the inftrument is to be ufed as a condenfer, is thewn
in fig. 2. of plate III. Two letters, E and C, marked upon
the fquare top of each cock, direct the operator how to turn
them, whether for exhaufting or for condenfing.

The conical holes X and %, fig. 1. plate Ill, are made to re-
ceive occafionally the extremities of two ftop-cocks. Thofe
{top-cocks are fitted to the holes H and % by grinding, and a
bladder is adapted to each of them. The ufe of this contri-
vance is to introduce into the glafs receiver fome particular fort

of
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of elaftic fluid, or to receive into a bladder the elaftic fluid that
is contained in the receiver. Thus, fuppofe I want to intro-
duce fome fixed air into the receiver firft, I exhauft the com-
mon air from the receiver, then putthe ftop-cock of a bladder
containing fixed air to the hole X laftly I open the ftop-cock
of the bladder, and turn the cocks AZ, fo that their fide-holes
may be turned towards X, and by working the pump the fixed
air will immediately pafs from the bladder into the receiver, If
now this fame fixed air is required to be introduced into a blad-
der again, the ftop-cocks muft be turned with their fide holes
towards %, and a ftop-cock with an empty bladder is put to the
hole %; then, by working the pump, the fixed air will be gra-
dually introduced from the receiver into the bladder,

Having finithed the defcription of this improved air-pump,
which, befides its exhaufting much better, has various other
advantages. over any other inftrument of the kind; I fhall con-
clude this paper with the fuccinét account of fome experiments
made with it, principally to determine how far it can rarefy
the air.

Euxperiments made with the above-defcribed air-pump.

Previous to the narrative of the experiments, it is neceffary
to mention, that both the plate, and the lower edges of the
receivers of this pump, are ground fo perfe@ly true, as not to
require any leathers, nor even oil; however, for greater fecu-
rity, fome oil is generally poured on the outfide of the edge of
the receiver, after having exhaufted it a little; and it is very
feldom, that any vifible quantity of this oil pafles within the
receiver, between its edge and the plate of the pump.

Vor. LXXIIL Nnn When
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When the hole in the plate of the pump is ftopped up by
means of a {fcrew and leather, and the inftrument is worked for
about three or fourv minutes, the quickfilver in the fmall tube
of the gage falls fo low as to be even with the quickfilver in
the outfide tube, which thews as if the air were entirely ex-~
haufted from the infide of the pump; but as it is difficult to
judge whether the two furfaces of the mercury in the infide
and outfide tube are quitc on the fame level, and even if they
were exallly fo, there could always be fufpeted that a little
air may be lodged within the gage, notwithftanding that feve-
ral gages of this fort have been ufed, in fome of which the
mercury had been accurately boiled ; we muft, therefore, have
recourfe to other gages, in order to determine the exhaufting
power of this pump with more precifion. Accordingly, the
pear-gage and long barometer-gage were tried, the effets of
which will be related in the fequel.
If, inftead of ftopping up the hole in the plate of the pump,
a glafs receiver is laid upon it, and the pump is worked, the
gage will alfo come fo low as when no receiver is-put upon it ;
but it muft be remarked, that after exhaufting and leaving the
inftrument in that ftate, when no receiver is upon it, the quick-
filver in the gage will be rifing for about one hour, fo as to
afcend one-tenth, or at moft one-fifth of an inch above the
furface of the quickfilver in the outward tube, and then it re-
mains f{tationary 5 whereas if the experiment be repeated when
the receiver is upon the plate, the degree of exhauftion remains
unaltered, the mercury not rifing at allin the fmall tube. This
rifing of the quickfilver in the firft cafe feems to be occafioned
by fome {mall quantity of elaftic fluid, that is yielded by the
oil contained between the parts of the machine; for this quan-
tity of elaftic fluid can occafion a fenfible difference when the
exhaufted
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cxhauﬁed fpace within the pump is fmall, but it becomes
quite inconfiderable when the receiver is upen the plate, its
quantity bearing a.very {mall proportion to the exhaufted
fpace. -

- Itisof great advantage in this pump that very little oil can
be lodged in it, becaufe then the claftic fluid yielded by this
fluid is in fo {mall a quantity as not to- affet the experiments.
As for the oil, which by the working of the pump is accumu-
lated into the oil veffel, it cannot interfere with the exhauftion
of the pump, fince it does not communicate with the cavity
of the receiver.

. The exhaufting power of this pump was next examined
with the pear-gage, made and placed under a recciver after the
ufual manner; and by this it appeared that the pump exhaufted
{o far as to remain within the receiver lefs than the thoufandth
part of the air it contained l;efore the exhauftion *. In that
cafe, the quickfilver in a thort barometer-gage came to the {fame
level in both tubes, which proves that, by .this laft mentioned
gage in that ftate, the air is fhewn to be rarefied at leaft one
thoufand times.

Laftly, a long tube, or what is called a long barometer-
gage, was adapted to the pump by means of a bent brafs tube.
This glafs tube went down along the fide of the wooden frame,
and its lower end was immerfed in fome quickfilver kept in a

proper ciftern.

On working the pump, when all the three gages were an-
nexed to it, there appeared, that the quickfilver of the fhort
gage came to the fame levelin theinfide as well as outfide tube,

“* Whenever the pear-gage was ufed, care was taken to keep the infide of the
receiver, of the pear-gage, and of the pump, as free from moifture as it was

pofible.
Nnnz2 that
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that the quickfilver in the long barometer-gage came as high as
it ftood at in a real barometer, and that the pear-gage indicated
a degree of rarefattion about one thoufand. But as it was not
known, whether the quickfilver had been boiled into the tube
of the barometer, to which the long barometer-gage had been
compared, therefore a barometer was accurately made for that
purpofe. The glafs tube had been juft drawn at the glafs-
houfe. It was perfeétly clean ; the quickfilver was boiled in
the whole Iength of it, and care was taken that the dimen-
fions of the tube, ¢iftern, and divifions, were alike both in
this barometer and in the gage. This done, the pump was
tried again, and the quickfilver in the long gage rofe within
one-twentieth of an inch of the quickfilver in the barometer,
or rather lefs, which thews that the air was rarefied little above
6oo times ; but at this time the pump was not in proper order
for trying ftich nice experiments. It was leaky, and had not been
taken to pieces and cleaned for above fix weeks, in which time it
had been frequently ufed, and continually left expofed to the
duft of a working-thop : yet it thews, that in thefe unfavoura-
ble circumftances this pump can rarefy the air above 600 times.

Confidering all the above-mentioned circumftances and expe-
riments, I think it may be concluded, that thrs pump, when
in good order, can rarefy the air about one thoufand times.

I thall, laftly, conclude this paper with a fummary account
of feveral eleftrical experiments, which were made with this
pump; referving to give a more ample and circumftantial
account of them for another opportunity.

When the air-pump was in' good order, a glafs receiver,
which had a brafs cap cemented to its upper aperture or neck,,
was laid upon the plate; then the end of the prime conductor
of an eleCtric machine was placed within half an inch of the

cap



an improved Air-Pump, 8o, A%y
cap of ‘the receiver; fo that when the machine was in altion,,
the eleftric fluid in the form of fparks went from the con-
duor to the brafs cap, and when the receiver was exhaufted, it
pafled from the cap to the plate of the pump through the re-
ceiver, illuminating its whole cavity. ‘The more perfe&t the
vacuum was made, the better condutor of ele@ricity it be-
came, and the eleétric light was more equably diffufed in it ;
but it became by no means faint, even when the receiver was
exhaufted to the utmoft, though the light changed appearance
according as the receiver was more or lefs exhaufted. Thofe
appearances were as follows.

Degrees of rarefation as fhewn  Appearances of the ele@riclight within the
by the fhort gage.. receiver,

Air rarefled 40 times. Light in large, long, but divided,

ftreams.
70 Fine diffufed hght of a white cd-
].OUt
8o Beautiful diffufed ﬁght inclining to
100 red or purple, and filling the
400 - whole receiver. -

When the gage flewed A diffufed light, filled equally every
the utmoft degree of  part of the cavity of the jar. ~ It
exhauftion. had hardly any reddith hue.

In this ftate, or even when the air within the receiver was
rarcfied not above 100 times, if the brafs cap of the receiver
was made to communicate with the ground by means of good
conduéors in perfe&t conta&t, the light within the receiver
occafioned by the eleétric fparks. given by the prime conductor
to the cap of the receiver was thereby diminifhed, but it did

not
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not intirely vanifh ; which fhews, that the elettric fluid, which
proceeded from the condultor to.the cap of the receiver in the
form of {parks, did not pafs to the earth all through the con-
du&or, by which the cap was made to communicate with. the.
ground ; but part of it went at the fame time through the
vacuum, fo that when the pump in this experiment was infu-
lated, {parks could be drawn from the plate of it.

Having repeated the above mentioned experiments with only
this variation, vsz. that the extremity of the prime conduéor
was put in contaét with the cap of the receiver, the appearances.
of eletric light within the receiver were very nearly the fame
asin the preceding experiments ; but if now the cap of the re-
ceiver was made to communicate with the ground, the light
within the exhaufted receiver vanithed intirely, though the
ele@rical machine aéted very vigoroully.

When a pith-ball ele&trometer was fufpended within the re-
ceiver from its brafs cap, and fome eledricity was communi-
cated to the outfide of the faid cap, its balls diverged very little
when the air within the receiver was rarefied about 100 times;
their repulfion was hardly difcernible when the air was rarefied
about 300 times ; but in a greater degree of rarefaction they did
not diverge in the leaft, and that was the cafe whether a {mall
or a large quantity of eleftric fluid was communicated to the
<ap of the receiver,

June 24, 1783,

&
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