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Of PNEuMATICSy 0r Doltrine of the ATI“
or ATMOSPHERE #n general, Of At
cial or Fa@itious AIR; zbe great Qué®
tity thereof in Natural Bodies ; waf’””:
Experiments relating  thereto.  Of th
Weight of he AR ; of the Nature of o
BAROMETER jfor gﬁzmatz:zg z‘beﬁzm‘e, #
Account of the feveral Kinds, viz, the P&
pendicular, Diagonal, Horizontal, Pfﬂ
dent, Wheel, and Water BaROMETEI‘
The beft Way of making #he Common /33
rometer. The chture and Ufe of / y
Nox1Us, applied thereto, explain’d, ‘fﬂ
Ufe of the Baromefer in meafurmg
Heights of Mountains, &c. The SprI%
or ELASTICITY of the Air czccozmtezfﬂ
and explain’d.  The Nature of the S
GAGE mpfam’d The Alfitude of f
ATMOSPHERE determin’d,  The A’;
. SAILING in the AIr proved zmpﬂﬁf{,
The ABSOLUTE WEIGHT of the Air?,
termin’d by Experiment.  Itsvariable peet of
fure on Human BopiEs; the Qaﬂtld
theresf computed.  An Account ?f ﬂ
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PneumaTICs,

Experiments of the Air-Pume relating to
the Weight, Spring, and other Properties
o the Air. A particular Defeription of
the Air-Pump ; an Air-Pump of @ new
Inv€:r1tion. The DIVING-BELL explain’d.
The Nature and Ufe ¢f THERMOMETERS
plain’d,  The Newtonian STANDARD
HERMoMETER. Farenheit’s zew Mer~
Curial Thermometer explain’d. HYGRO-~
METERS of feveral Sorts explain’d. The
mmon AIR-GUN explain’d, The MG A=
“INE A1R-GUN particularly deferibed,

I \HAT Part of Nutural Philofoply

which treats of the Nafure, Pro-

oy perties and Ejfects of the ATMoO-

arE/RE’. or Body of Air encompafling the

the g is called PNEUMATICS, from
reek Word for #ind or Breath.

; HE dir is generally efteemed a Fluid,
Fluig“-‘t.diﬂ-'ers from the general Nature of
thy s I three Particulars, viz. (1.) In
othe 18 compreffible, “which Property no

¢ Fluid has. (2.) It cannot be cor-
» Or any how fixed, as all other Fluids

nla vy i 3
evg:' (3) It is of a different Denfity in
7 Par, decreafing from the Earth’s

Urf: :
0 A€ upwards ; whereas other Fluids are

A0 uniform Deﬁﬁty throughout, The
' OL. I, ; I AL
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PNEUMATICS. -

~ Air is therefore a Fluid /fi7 generis, if it bé
propetly any Fluid at all (LXXXV).
- THAT the Air was created at firft with
the Earth itfelf, is not to be doubted ; an
that ever fince there has been a corg/fﬂ"f
Generation of Particles of Air by the m¥”
tual AGtion of Bodies upon each other, 2
in Fermentations, and all Kinds of mztzﬂ’ﬂl
and artificial Chemsftry, Sir Ifaac Newt
thinks very reafonable to fuppofe; a8
Mr. Boyle has given numerous Experiment’
relating to the Produdion of arsificial ©
JSactitious Air (LXXXVI).
TuA"

(LXXXV) What is here faid of the incongea.la‘b}t’3
Quality of the Air, relates to the Impoffibility of chang
ing it from a Fluid.t0 a Fixed State by Cold, as Wﬂtt];
is congeal’d or converted into Ice ; and melted Met?
are brought to their fixed Staté : And in this partict af
limited Senfe, the Air is incongealable, or uncapablé i
Fixation. But yet it is not abfolutely fo ; for we "
by various Experiments, that Air has a fixed Stat® 1n
the Compofition of natural Bodies, from which, whe;
fet at Liberty, it becomes a fluid elaftic Air, like tb“
common Air; and this again, from a Fluid, may b
reduced to a fixed State in Compofition with other M2 9
ter, though not per fe; for we know, as yet, © £
fixed Body confifting entirely of Air, ¢

(LXXXVI) 1. Since Airis abfolutely neceffary fg’
the Life of Man, and moft Animals, yea, and Vegf
tables too, it was neceflary at the firft Formatio?
the Earth to render it a Habitation for Animals, 22
proper Matrix for the Produ@ion of Plants, Now ﬂn‘ﬂl
there is a conftant Generation of Air from all tera’fﬁrls
Subftances (as we fhall fhew by and by) it follo™”)

o inf
that the original Atmofphere muft be always mcrca:“;;




n- g
N




PNEUMATICS.

THAT the Airis a beavy or- ponderous
‘B"‘{?’: muft follow from the Nature of the
Matter
i %an'tity and Bulk, unlefs we fuppofe all that is ge-
nera_ted is again abforb’d or refixed in the Subftance of
of A5+ And thisalternate Tranfmutation of the State
It is extremely manifeft from numberlefs Experi-
Ments which have been made by Mr. Boyle, and Dr.
Qf“ “%5 of which I fhall here give an Account of fome
the principal of both Kinds, as follows.
cars. . The Producion of artificial or faitious Air is
an?{{e‘i either (1.) by flow Degrees from Putrefacions
ki Fermentations of all Kinds 5 or (2.) more expedi-
dieuﬂy by fome Sorts of chymical Diffolutions of Bo-
F.);S; or (3.) and laftly, almoft inftantancoufly by the
K.plﬁﬁOH of Gunpowder, and the Mixture of fome
\'emds of Bodies. Thus, if Pafte or Dough with Lea-
placed in an exhaufted Receiver, it will, after
Q ime, by Fermentation, produce a cc.\nﬁderable
S;ua*.l ty of Air, which will appear very plainly by the
An.kmg the Quickfilver in the Gage. Thus alfo any
Wil}“nal or Vegetable Subftance, putrifying iz Pacus,
Produce the fame Effect.
lap Gunpowdcr, fired in Vacuo, inftantly generates a
8 Q&iantity of Air in the Receiver, which caufés the

Quic
r[m

(34
fome -~
t]

e
! kﬁlver to fubfide. And in the remarkable Expe-
rawent of Dr. §lzre, half a Drachm of Oil of Car-
~o¢ed, poured upon a Drachm of the Compound
I oF Nitre, produced fuch a prodigious Quantity of
Ingj, 3 inftantly blew up the Receiver, which was fix
i n Diameter, and eight Inches deep. ~ Thhe Pref-
eqseivm.crefor_e, of the Atmofphere on the exhautted
Dnin:]’ which it overcame, was zbove 400/, rec-
§ 15/, toa fquare Inch.
Excélledut' Dr: Hals, in his Veegetable Statics, has greatly
by 11 his Experiments of this Kind, and in the
ti[[at;:; S of making them : One of which was by D,:f-
tigy 3> the other by Permentation. That by Difilia-
the o 25 follows . the Matter to be diftill’d is put into
FOIt # and then at 4 is cemented very faft the

1 2 Glz:fs

Pirit o

IIg

Piate
XXVII,

Fig. 1.




- would be thewn by caufin

PxzuMarTics,

Matter of which it doth confift ; and fincé
thofe Particles arife from Bodies of every
Kind

Glafs Veflel ¢ b, which was very capacious at 4, and
had an Aperture ¢d, or Hole at the Bottom. he
Bolt-Head 4 4 being thus immerfed in Water, wit
one Leg of an inverted Syphon put up as far as z, the
Water would rife in the'Bolt-head, and drive out th°
Air through the Syphon, which being taken out, th°
Water will remain in the Veflel to the Part z; at th°
fame Time, while the Bolt-head is under Water, it
placed in the Veflel x », which with the Bolt-head and
Retort is carried to the Chymical Furnace, where the
Retort has the Heat and Fire gradually communicat®
to it, and the Bolt-head a4 and Veflel » » well fcreen
from the Heat of the Fire.

5. As the Matter diftill’d, all except the Air, woul‘!
go down into the Water of the Bolt-head and Vellel s
the Air that was generated or deftroyed by the Proc®
¢ the Surface of the Waté
in the Bolt-Head to ftand below or above the Point #’
as at y, when all was fet afide till it became quite ¢ c
Thus if the Body diftilling generates Air of an claﬁ‘G
Quality, that added to the former will not permit i
Water y to rife fo high as z, and the Space betwee"ed
and y below will fthew how much Air was produ¢
from its fixed State, : .

6. Butif, when all is cold, the Surface of the Wﬂa
ter y be feen above the Point %, it then fhews that tha
diftill’d Body did deftroy, that is, imbibe or abforbs
Part of the natural Airabove z; and the Space bf:tv'fc_cty
z and y, filPd with Water, will fhew what Q_Uﬂnt.lb)y
was changed from a repellent elaftic to a fixed Statés
the ftrong Attradtion of the abforbing Particles of
diftilled Body. This Quantity of generated or abfo”” eg
Air it is ealy to meafure in Cubic Inches, by ROPPII:,;
the End of the Bolt-head with a Cork, and then fro
a Quantity of Water of a known Weight to gll it e
to z, and afterwards to y; and the Difference of W€ %ig
in the two Bulks of Water gives the Number ofI 3}155

; n
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PxruMATICS

Kind in or upon the Earth, ’t1s evident

the conftituent Parts of Air are of a moft
heterd=

Inches from a Table of fpecific Graviiies, in the Man-
et we have formerly fhewn.

7. The other Method which the Dofor made ufe of
fo}' eftimating the furprifing Effefts of Fermentation
Uifing from various Mixtures of folid and fluid Sub-

Ances, in generating and abforbing Air, was as fol-
Ows : He put the Ingredients into the Bolt-head b, and
ﬂ;“’ﬂ run the long Neck thereof into a tall cylindric
Glags a y, and inclining both almoft horizontally in a
Arge Veffel of Water, the Water ran into the Veffel
‘1733', and driving out Part of the Air would poflefs its

lace upon turning them up and placing both in a Veffel
" Water x», as you fee in the Figure, where the Sur-
ace of the Water ftands in the inverted Glafs ay at

€ Point z, ‘

8. If the Ingredients generated Air, then the Water
Would fall from z to y, and the empty Space = y was
“qual to the Quantity of generated Air; but if on Fer-

Mentation they abforbed or fixed the active Particles of .

Ity then the Surface of the Water would afcend from
2bto n; and the Cylinder z 7 would be the Bulk of Air
Dforky’d, which is eafily known in Cubic Inches,

9. When the Subjeéts for trying thefe Experiments

€re aburning Candle, burning Brimftone, Nitre, Gun-
ﬁowder fired, living Animals, & the Doctor ufed to
P‘?ke ufe of a Pedeftal, on the Top of which was a
5 ate whereon he laid the Matter to be fired ; then in-

Srting the tall cylindric Glafs over it, and.drawing the
o 2L up to % % with an inverted Syphon, he fet fire to
G‘; atters lying on the Plate by means of a Burning-

afs concentering the Sun’s Rays in its Focus upon the

See the Figure,
them' But the Way that I make ufe of, and which is
s moft eafy and expeditious poflible, is inftead of hav-

at:,et}}e cylindric Glafs clofe upon the Top at b,b’ to
. it open by a {mall Neck, on which a brafs Cap is

mented with a Female-Screw to receive a Stop-Cock,

1t to

dine,

C

11

~J

Plate
XXNT
Fig, 2.

Fig. 3.




PneEumaTiCS,

beterogeneous Nature, and infinitely varjous
in their {pecific Gravities; Whence alfo it

will

to take off the Communication of the external Air.
when Occafion requires, Thus the Ufe and Trouble

of the Syphon is fuperfeded ; and in cafe of noxious

Fumes, Vapours, &'¢., from Aqua fortis, burning Brim-

ftone, &c. a Syringe fcrewed on to the Stop-Cock will

draw off the Air, and raife the Water to what Height

you pleafe, without the cumberfome Ufe of a large Pair

of Bellows, as the Do&or made ufe of,

11, I fhall here fubjoin the Quantity of Air which
various Subftances produce by Diftillation, which I have
collected from the Doéor’s Experiments, and reduced
to Cubic Inches. '

A Cubic Inch of Hog’s Blood T

Tallow — —— f?
Deer’s Horn TBienl e A 23
Opyfter-Shell — 324
Heart-Oak — — 216
Peafe — i 396
Amber e 270

Oil of Anifeed s — 22
Oil of Cloves  — — 88
Honey — — 144
Yellow Bees Wax — 54
Coarfeft Sugar —  — 36
Newcaftle Coal — — — 200

Frefh Earth — — — 43
Antimony = —— 28
Pyrites — 83

Sea-Salt mixed with Bone-Calx 64
Nitre, with dizo — 180
Sal Tartar ditio 224
Rhbenifh Tartan — — 504
Calewlus humanus —

645

Stone in the Gall-Bladder 648
12. Thefe are the principal Experiments by Diftil-
lation. QOthers were made by Fermentation in variou$
5 i - Mixturess

2




PNruMATICS.

Will follow, that as the Matter which com-
Pofes the Body of Air, or Atmofphere, is
always

MEKtureS, fome of which generated Air, others ab-
Otb’d it, and fome did neither generate nor abforb Air.
e principal Subjects, which of themfelves abforb Air,
¢ the Fumes of burning Brimftone or Matches, the
.‘4me and Fumes of a burning Candle, the Breath of
Wing and expiring Animals, as Rats, Mice, &e.
d I3. Thus the Do&tor found that Linen Matches
Pped in melted Brimftone, and fired under a Glafs in
Yantity of 594 Cubic Inches, abforb’d 150, which
tiﬁls. full one Fourth of the Whole. A Candle burning
o 1€ went out, its Fumes afterwards confumed -*; Part
1 the whole Quantity of Air, which was 594 Cui}i.c
i:QhQS. A half-grown Rat expired in the confined Air
n Hours, and abforb’d 45 Cubic Inches of Air,
Ich was . Part of the whole 594+ :
14. From what has been faid we fee with how much
¢ “afon Sir Ifaac Newton philofophized on this Subject in
‘}t‘ﬁ fo]lowing Words. ¢ True permanent Air arifes
&« Y Fermentation or Heat from thofe Bodies the Chy-
¢ Tifts call fixed, whofe Particles adhere by a ftrong
wc “Mtradtion, and are not therefore feparated and rari-
¢ ed without Fermentation ; thofe Particles receding

¢« 'om one another with the greateft repulfive Force,

« 04 being moft difficultly brought together, which
POl Contaét were moft ftrongly united.” And
=§‘a'l“= ¢ Denfe Bodies, by Fermentation, rarify into
(3 f?verai Sorts of Air; and this Air by Fermenta-
« 400, and fometimes without it, returns into denfe

Dodies,”  See his Optics, Query 30, 31.

I5. Now fince Air 1s a heavy Body, a Cubic Inch
Ai:‘-{e_o.f weighs very near 2 of a Grain, it follows, that
Sy its fixed State in Bodies makes a Part of their
is 1. 2nce, and in fome of th-em a very great Part too, as
diﬁ:hno“’ﬂ from the Quantity and Weight of the Air

= arged upan the Analyfis of the Bodies. This has
3 ped the Obfervation of Chymifts, who have hitherto
Ught that al] Bodies were ultimately refolveable into

i what

119




PNEUMATICS.

always variable, fo will its Weight or Gra-
vity be likewife; as we conftantly experi-
~ ence

what they call Four Elements only, viz, Water, Oily
Salt, and Earth. But by the following Table it will
appear, that Air is an Element of Natural Bodies in 25
proper a Senfe as any of the other.

_ 16 In the firft Column of this Table you have the
Bulk of the Body in Cubic Inches and Parts ; in the
fecond, the Number of Cubic Inches of generated Air's
in the third is the Weight of the Body in Grains ; in
the fourth is the Weight of the generated Air; and thé
fifth thews what Part of the Whole the Air makes.

C.oJuch. C.Inch. Grs. Grs. Prope

Deer’s Horn, i 117 — 241 — 33 = %
Oyfter-Shell, L — 162 — 266 —~ 46 — 3
Heart of Qak, 3z — 108 — 135 — 30 — X
Indian Wheat, — 270 — 388 — 77 — £
Peafe, I — 366 — 318 — 113 — %
Muftard-Seed, — 270 — 437 — 57 — %
Amber, & 1358w A3 8 el
Dry Tobacco, . == 153 — 142 — 44 — %
L EE
Yellow Wax, 1 — §4 — 243 — 15 — 5%
Coarfe Sugar, 1 — 126 — 373 — 36 —q%
Neweafile Coal, i — 180 — 158 — 51— %
Nitre with Calx ¥ '
of-Bonesd } Z ™ Q0 — 211 == 26 — %
Rbenifp Tartar, I — 504 = 443 ~— 144 — 3
Caleulus humanus, ¥ 516 — 230 — 147 — 7
17. Thus we fee that different Bodies contain diffé-
rent Quantities of fixed Air, from a Sixteenth to a Hal
of the whole Subftance. From hence we may be fully

fatisfied of the Truth of Sir Ifaac Newton’s Reafoning
in the 31ft Query of his Optics, in thefe Words ; ¢¢ The
¢ Particles, when they are fhaken off from Bodies bY
¢ Heat or Fermentation, fo foon as they are beyo?

¢¢ the Reach of the Attraction of the Body, recede ff",‘f“
. - (19 15.




PxeumaTics.
fnee 1,

Y the BARoMETER, of various Kinds
nd gy

ruGture (LXXXVII).
SINCE

L{ 3
1 and alfo from one another, with great Strength,
e €ep at a Diftance, fo as fometimes to take up
% pove 2 Million of Times more Space than they did
" % .9 in the Form of a denfe Body : Which vaft
s E?ﬂtra&ion and Expanfion feems unintelligible by
. 8ling the Particles of Air to be {pringy and ra-
 YOUs, o roll’d up like Hoops, or by any other
12 238 than by a repulfive Power.” %
Up o hat the Particles of Air cannot be thus coil’d
Bucf‘nd detain’d in their elaftic State in the Subftance of
for Iles’ is eafy to be thewn from Calculation, Thus,
Illchn ance, one Cubic Inch of Oak yields 216 Cubic
ﬁmfes of Air: Now fuppofe the Preflure of the At-
We Phere be on every Square Inch about rs /. (as
Inc ]1.1 fhfiw) then in order to comprefs 216 Cubic
15, " Nt one Cubic Inch, the Weight of 216 Times
It o 3940 /b, which would be the Force to confine
Wil?x: “ach Side the Cube, which, as it has fix S;]des,
fang vdUire 6 X 9240 = 1 440 /b, or near twenty thou-
“&déﬂje?ght, xt03 cinﬁne ?his Air in its elaftic State in
is o 0ic Inch, fuppofing it to be all Air; but, as it
there;‘ the Force will be greater {hl]_. This Forc_e
Ieh rC Of 19440/, muft be exerted in every Cubic
Wigh " the Qaken T'ree, which would rend it in Pieces
hut NG Explofion, It is therefore not to be doubtffd
State ' in Bodies does exift in a fixed and un‘elafhc
pelleli and that it is roufed, and put into an active re-
X . Statea by means of Fire and Fermentation.
Mgy TheY who would fee the numberlefs Ufes that
ir Made of this important Do&rine of artificial
lay¢ 2nd the furprifing Scenes of Knawledge which it
P”)’?Qpen in the moft abftrufe and difficult Parts of
Oéf’ May confult all the latter Part of the invaluable
Cflm bove mentioned, vz, Dr. Hales’s Vegetable and
ke z?{-&“f’“ﬂ[ Experiments, fome of wI}inch we fhall
o< Of alfo in the Sequel of thefe Notes. ;
&Q%XXXVH} 1. The Vquight of the Airis manllfcﬁ
Reafon and varioys Experiments, The’Parttc:;?Z
3 v

I21




PNEUMATICS.

< . §
SincE the Particles of Air are fuch *

being feparated from Bodies beyond B
sphe

are affeCted by the Power of the Earth’s Attrac’tioﬂ’:}‘i
muit therefore all gravitate or tend towards its Cer A
which is what conftitutes Weight in them, and I
other Bodies. The Experiments to fthew the'we‘fif
of the Air are numerous which we fhew on the
Pump, among which one is abfolute and very exa® j
weighing it ina Balance, in the fame manner s
other heavy Bodies are weigh’d. o
2. The Method I take for this is, I believe, the r%or
exaét and nice that can poflibly be thought of. ool
fince (as we have fhewn) the Friftion of the Balaﬂgcd,
in Proportion to the Weight with which it is chd@ 4
the lefs the Weight is the lefs will be the Frictions e
confequently the more nice and exquifite will o
Experiment.  In order to this I take a very thint iy
Florence Flafk, whofe Capacity is exactly know?
Cubic Inches: This I exhauft of all the Air as 1 4
can be, and then hang it to the end of a very ﬁﬂiebf
exa& Hydroftatic Balance, which I counter-bala? o
Grain-Weights in a Scale hanging from the othe?
When the Equilibrium is nicely obtain’d, I lift 1_1Ph i
Valve, and let the Air rufh into the Flafk, whichy,
fenfibly heard, and feen to gravitate in the Gl?'isl’ﬁir;
caufing it gradually to defcend till it be fil’d wit eﬂoﬁ
and will then preponderate greatly. Then to w0
the Equilibrium, I find by Experience ’tis necefi#” {ﬂsi‘
add about 8§ Grains for every Pint the Flafk COf‘ﬂ’r )
which fhews that a Gallon of Air weighs about 2 ]?nt%
and a Buthel an Ounce Troy ; and becaufe oné Plcho‘{
28 Cubic Inches nearly, therefore one Gubic 1
Air weighs % = % of a Grain, at a Mean. 11 v
3. As the Air is a heterogeneous Fluid, it W oneﬂf
in its Weight according to its different comp hiﬁ,h
Parts, and alfo according to its different Altitudes "gint®
it muft have as an elaftic and fluGtuating Fluid- .ngtf'f
few Bodies are lighter than Water, and that " ¥
is motft.eafily rarified into Vapour, it follows, g htef"
Atmofphere fill'd with aqueous Particleg will be V8™ #

e p
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PxeuMaTiCs.

§
Phere o corpufcular  Attradtion, are
ongly repell’d from thofe Bodies ; this Re-
pellency

il[:?et Seherally find it is in moift rainy Weather; and
Viey Stat It muft oftner be in this light than in a hea-
gy €1 And that Inftrument which thews the Vari
‘liﬁ‘emof the Air’s Gravity, or its different Weight at
they, 't Times, is call’d a BAROMETER, of which
Ifhalf‘re various Kinds, which are here defcribed ; but
i Orl'f: give an Account of the moft fimple Struc-
I?G]af orm of thofe Inftruments, which is as follows.
ﬂﬁn,ds Tube, hermetically feal’d at one End, is to
R 4. With Quickfilver, well defecated and purged of
{“ Mitge s he Finger being then placed on the open End
g} Paed.late Conta& with the Mercury, fo as not the
&g Qal_rtlcle of Air is admitted, the Tube is inverted,
N ; Ef“”y immerfed with the Finger on the open

ul}un :e 2 Bafon of the fame prepared Mercury ; then
| joimQVing the Finger, the Mercury in the Bafon

erclu_“_that in the Tube; and the faid Column of
,iflc) 05 {‘m the Tube will be feen immediately to fub-
uh bemk down to a certain Pitch or Altitude, if the
b o. a5 1 1 o
.ang..’ Gt Ove 31 Inches long, as it ought to be.

i §of aAB be fuch a Tube of 34 Inches Length,

T ¥ 1 Inch in Diameter, (as it ought to be for
: tQprore) hermetically feal’d at A, and open at B ;
l‘hllnm@r{'e. the Bafon of Me: cury, inb which the Tube
EDQ afoy 3, verted, the Surface of the Mercury in
y undqﬁ ~> and inthe Tube GH. Now, ’tis‘ealy
;QE%, R F“da that if all this could be perform’d in
i wﬂu]do?n as the T'ube was inverted, all the Mer-
til]d-y f ‘-he:fcemi into the Bafon, becaufe as a heavy
o Eet? tend towards the Centre of the Farth,
3 u@fi{s M With fome Chftacle, as the Bafon, to ob-
5 Otion, and fupport it. I fay, all this would

Ny T‘lbe fu‘;g“{; unlefs we can fuppofe any Power in
w};'?‘ theyq X Cient to fuftain the Column of Mercury ;
e i :n b}f no fuch Power but that of Cabefion,
il 1N Tubes of a fmall Bore, has been
0 fuftain it; butin fo large a Bore, as we

: : fuppofe
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'peilenCy being mutual bétm’*een the P‘;r;
144

ticles, they do by this means conﬂfr*epﬁl

o
fuppofe this Tube to have, that Power is by far :,c'
{mall to fupport fo heavy a Column, which mu o
fore of Courfe fink into the Bafon ; and fo ftand uF
the fame Level in the Bafon, and in the Tube. _ .

5. But fince the Mercury does not totally {ulﬂl"ﬂ
when this Experiment is made in the Air, the €9 g
which remains in the Tube muft owe its Sufpeﬂﬁohou‘
the Air as its Caufe, fince nothing within or W' {011)
the T'ube can be fuppofed (with any Shew of Rcfmv\"
to produce fuch an Effect, befides itfelf. Now # ﬂ]’i
ing the Air to be a gravitating Fluid, it muft ne¢® Gl
caufe fuch an Effeét, as the Sufpenfion of Mercd '1111
the Tube; for by its Gravity a Force of Preflur® folt
be produced on all the Surface of Mercury in the 27y
which is contiguous to it, and on every Part eq ’W’
Now fince the Mercury in the Bafon is in E?’ﬂf ff
with that in the Tube, it is plain the Weight,ouqu'
Mercury in the Tube, and the Weight of the A‘rur !
every circular Area of the Surface of the Mer€ ulb’
the Bafon, equal to the Orifice of the Tube, meﬁ*
equal, for elie they could not balance each Otl}orﬂfs
we find they do; the Column of Mercury th"'rcf Ni
fuftain’d by the Counter-Preflure of a Colum? 2
of the fame Bale, and whofe Altitude is equa
of the Atmofphere. T

6. That the Weight of the Columns of Agcifflf
Mercury, we have now been fpeaking of, aré P
equal to each other, will be farther evident, if i g
fider, that upon Suppofition the Quickfilver W€ ul'c;
roughly purg’d from Air, when it {ubfides in ‘hgc i
it muft leave a Pacuzwm in 21l that Part of the TU% |
it, and fo there is nothing to ac upon its upper " ik

0

i e = £ e tl
to deprefs it ; it will therefore always fink or _“(ce ulfg;;
an Altitude, as the various Gravity of the Air ©ig

e

and of which it is therefore an adequate Exp” of

Meafure, as its Nature imports. This Invent! ife
owing to that happy ltalian Genius Terricelli ®

T
lPef




Pxrumarics.

Te
m cach other, and therefore they muft
tve an equal Diftance among them-
{elves.

of
% the faz‘pous Galiles. And hence it is very often call’d
& ~Orricellign Tube, and the Torricellian Experiment,

gf7' SIHCE, as we have thewn, this {ufpended Column
al] T?Tcury exaétly indicates the Gravity of the Air at
king " M€s, it has employ’d the Attention of all Man-
the d’ififyho very fenfibly find themfelves affeCted with
1 e erent State of the Air; but more efpecially has
taken, lted the Confideration of Philofophers, who have
tonal Opportunities to explore, by this Means, the
ang “tremes of the Air’s Gravity, viz. when it is leaft
Alti;g' "ateft of all, by obferving the leaft and greateft
e of this mercurial Column, which by long Ex-
fithe € we find to be very nearly between 28 and 3r
Hej % it being very rarely lefs or more than thofe
Altig ' ; whence 29 + Inches is fixed upon as the Mean-
Whicudes expreflive of the Mean-Gravity of the Air,
Stege therefore let be reprefented by B H, and let the
t"lli’d& Altitude be B I, and the leatt B K, then is I K
8. the §cq/ of Variation.
Pendic IOW as there is a Space of 3 Inches in the per-
g ¢ Yar Tube for the Mercury to rife and fall in,
a7, ¢ Fluids will always have the fame Altitude in
Mriveq * of any Form or Inclination ; Artifts have con-
by mai\{leth_ods to increafe the Motion of the Mercury,
Iy, '8 it move over a larger Space ; and thus have
Princie feveral different Forms of Barometers, the
hexttpal Whereof I fhall here defcribe, ‘That which,
the D(') the upright one, is in moft Efteem, is called
Ay ‘agonal Barometer, and is that in Fig. V. where
4 thi 'S 2 Tube feal’d at C, immerfed in Mercury at
Sca]e 052 d Ub‘e is perpendicular from A to B, where the
B s JAariation begins ; from thence it is bent into
Proge, 1‘ﬂkmg an acute Angle F B C., ThisPart BC
5 > to the higheft Limit in the Scale of Variation,
frop, K » and confequently while the Mercury rifes
toIin the common Barometer, it will nlO‘v’C}i‘H
this

?erlenc
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" felves. When, therefore, thofe aerial Pﬂ;
ticles are obliged by any imprefs’d Fofw

¢
this from B to C (See Annotat. LXIX. 4.) and f0 ?(l:n
Scale will by this means be inlarged in the Propot®
of BCto FB=1IK, i.e. of the Diagonal to the le
Side of a Parallelogram, . i
9. The Fault which this Form is fubjec to i t{up'
that as the Quickfilver is a very heavy Body, and | o
ported on the Part B C, like a Body on an Iﬂchich
Plane, it muft have a great Degree of Friction, W ad
is the more o as the Part B C is more obliques ehe
confequently the very fmall and nice Variation © i
Air’s Preflure cannot be fo well thewn in this | O‘erY
where the Motion ‘is not abfolutely free ; and it ¥ ;
often happens, from the Inclination of the Part B fo
that the Quickfilver divides into feveral Parts, a,ﬂﬁe,
requires the Trouble of filling the Tube anew t0° it
quently. This Form is the Invention of Sir 54"
Moreland, il
10. Another Form of the Barometer for Eﬂ]arg;,;i;
the Scale of Variation, was contrived by Mr-'c,”[ It
and afterwards compleated by Mr. Fobn Bermw[!"d Ar
confifts of a Tube A C D F, feal’d on the upper Ep ¢he
and bent to a Right Angle at D, whence it h?S e
Name of the horizonial redlangular  Burometer . SG&]‘
Mercury ftands on both Legs from E to B, The e
of Varation from A to C, is here made of 2 12
Part, and then it is evident in moving 3 Inches f‘?“; i
to C, it will move through fo many Times 3 Iﬂc"‘et ¢
the fmall Leg D F, as the Bore of D F is lefs tha?
Bore of A C, whence the Motion of the Mercu};n,;f{
E muft be extremely fenfible, but the Inconveni® g
here too is, that the Mercury is very apt to breaﬁdes
in the Leg E, as alfo to run out at the End F ; D% s
that, here is alfo a great Degree of Friétion, 27 o161
only that, but the Part D F being of a very fmal frel
the Attraction of Cohefion will a little impede thé
Motion of the Mercury therein. T §
T,
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{
° approach nearer to each other, the re-

b Wive Power will re-a& o refift the faid
Force

fﬁrizbr‘ The next Sort of Barometer that I.fhall de-
l’eine’ 15 call'd the PENDENT BAROMETER, becaufe
the £ * fingle Tube only, it is hung'up by a String at
the nd A, This Tube is a little tapering or conical,
ang Nd A being a little lefs than B; it is feal’d at A,
BlI’q vyich Mercury from A to F = 31 Inches;
When the Tube is inverted, the Mercury, if the
the YI{tY of the Air be not greateft, will fink down in
i  ube and abide in that Part C D, which will ad-
thy, Ity Length or Altitude C D to be the fame with
the'c‘“'the Common Barometer, Thus by reafon of
the I\chal Bore of the Tube, as the Air grows lighter
the Mel“-‘ury will defcend, till when it is lighteft of all,
Tuh Crcury will ftand from the lower Part of the

ICIB to E, fo that B E = 28 Inches. Confequently

the
g:dlﬂches’ if the Tube be 5 Feet or 60 Inches long,
thy, © the Scale A E is here above 10 Times greater
By, N the Common Barometer. The Fault of this
B(}r Meter is, that the Tube being of a very fmall
) > the Attraction of Cohefion will be very confider-
Mgt’- and prove an Impediment to that Frecdom of
Of 4 as is neceffary to fhew a very fmall Variation
ﬂlakee Al Weight ; for which Reafon, when you
again the Tube a little, the Mercury will not fettle
fore,, Where it was, or have the fame Altitude as be-
of i’n tfides, that by its Weight it is very apt to break
Owe the lower Part, and fall out of the Tube. We
iy (;S Invention to Mr. Amontons, who firft publifhed

they

By o - 1095
Qall'd he next Barometer which I fhall mention is
Whiugh ¢ WuEEL BAROMETER, from its Stru&ure,
ABDIS €afily underftood from the Figure, Wiiere
Wi reprefents the Quickfilver in a Glafs Tube,
U a Ba large round Head or Ball at Top, and turn’d
g, 0tom to F; upon the Surface of the Mercury

Cr - e
®Curv’d Leg there is placed an Iron Ball G with
a String

€tcury will, in fuch a Tube, move from A to E, *
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Force with an equal Mementum ; and thv?
caufe what we call the RENITENGY, ELAY

TI ClI T)?
a String going over a Pulley C D, and is balanced bg
another Weight H hanging freely in the Air. A? i
Surface of the Mercury at A B is very large, and th?d
at (3 very fmall, the Motion of the Quickfilvers aﬂ);
confequently of the Ball G, will at Bottom be vefd
confiderable ; but as the Weight G moves up * 4
down, it turns the Pulley C D, and that a Ha];d
or Index K L, by the Divifions of a large gradu?® -
Gircle M N O P’; by which means the minuteft Vﬂr;
ations of the Air are plainly fhewn, if the Inftrut®,
be {o very accurately made that the Fri€tion of the
veral Parts be inconfiderable, ‘This is one of the mgﬂf
curious Inventions of Dr. Huoke, 0
13. Thefe are the principal Contrivances hithefl‘,
invented for enlarging the Scale of Variation in firh s
Mercurial Barometers. There are other'InventiDﬂser,
compound Barometers, wiz, fuch as arc made of Mo
cury and Water, or other Liquors for that PUFPodg,
but they are fo difficult to make, fo faulty when &
and fo troublefome to ufe, that it is not worth W ‘eﬂp
defcribe them. However, as the Reader may ha"ebaf
Tdea of one of the beft Sort, I thall here give hit® t'ﬂg,
which owes its Invention to the Reverend Mr. Row"
together with his Demonftration of its Theory. a°
14. A B Cis a compound Tube feal’d at A, off
open at C, empty from A to D, fill'd with M‘irce;'s
from thence to B, and from thence to E with tlaiﬂ
let G, B, H, be in an horizontal Line, then it is Puﬂa
from the Nature of the Syphon, thatall the comp?
Fluid contain’d in the Part between H and Gy /¢
ever be in Equilibrio with itfelf be the Weight L
Air what it will, becaufe the Preflure at H and Gy cv
always be equal. 'Whence ’tis evident, that the o
lumn of Mercury D H is in Equilibrio with the CO i
of Water G E, and a Column of Air of the suﬂl‘
Bafe conjointly, and will therefore vary with the =l
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11‘IFJI”I‘Y, or SPrING of the Air; which is
0 fenfible by the common Experiment of
. a blown

of = : iR
f the Variations of each of thefe; all which muft now
Computed,
I5 The Variation of the Weight of the Air; which
¢ Will call V, is meafured by the Space which the
ity rC”FY moves in the common Barometer in a given
% Let » be the Space which the Water at B
lfs throuch in the fame T'i unc, and let the Diameter
€ Tube A F be to that of the Tube F C as D to 15
A “

D will the Space moved through at B be as —,‘31—;
g S
% therefore G E the Difference of the LC'L"":‘ £ K and

B’ will vary in its Weight b} % —{-— Alfo {ince

* Space moved through by the I\fInu‘urV at B and D i¢

x

N D the Difference D H will vary its Weight by
¥
7. But this Variation of W CJ"llt is Lcl”ﬁi to both the

“‘iEr s e T bt rOTET .y
> and fince » 4- — is an Altitude of Water, if

D o

© Put M to 1 as the Specific Gravity of

s

l‘v‘f('“-:u Iy to
P
atEr ¢ X 2.

> We fhall havem: 1 - & - = —
Y m

tit
tde of 1 Mcxcu;y of the fame Weighty confequent] Vs
2y
X S
D= v 13 + 1 k=

; which Equation; when reducedy
m J

g > .
Slveg e VD:m ; : ‘
= ——— . which gives this Asalogy
iy SR sy o =
S Vi = i ,
S s D o0 - D* — 35 Ao ie’ the; Scale.of
dtl()nl >

n this, to that in the common Barometer.
2 Iy - Cncc Mprp e = 14, and D = 1; wehaveg: V
angd F C 1 13; which thews that when the I"ubes
7 w7 aria

Vo I are of an -equal Irioh, the Variation in

é K thid
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this is lefs than that of the common Barometer in the
Ratioof 740 13.- - I g m —Di—3 =0, 012 m—"">
= D’ then'D =/ 2 m —1 = 5,2;; whence it a7
pears that when the Diameter of A F is to that of Fg
as 5,2 to I, the Variation » will be infinite in refp®
of that in the common Barometer, If D = g, the®
x#:V :1175:1; which fhews how very large the Scal®
of Variation in this Barometer may be made in Co™”
parifon of the common one. But I believe fuch :
Struéture as this will afford more Pleafure in Spcculﬂ‘
tion than in Pra&ice; and when all is done, the Bar®”
meter of the common Form, as it is moft fimple, fo®
will be found the moft cafy and accurate of all others’
17. Before I conclude this Article, I thall juft mer?
tion the Barometer invented by the Rev. Mr. Cafwzf ‘01
Oxford.  Suppofe A B C D be a Bucket of Water, i
which is placed the Barofcope xr ¢ z ¥ 0 5 n, which col”
fifts of a hollow Body x 7 s 2, and T'ube e y 0, M
of Brafs, Tin, Glafs, &c. - The Bottom of the Tul
% y has a Lead-Weight to fink it, fo that the Top
the Body may juft fwim even with the Surface of V“;e'
ter, by the Addition of fome Grain-Weights, As t]‘
Inftrument is put into the Water, with the Mouth do‘_fﬂ}t
wards, the Water afcends into the T'ube to the Helg)’
of yu; there is added on the Top a {mall concave “
linder, or Pipe, to fuftain the Inftrument from finkis
to the Bottom when the Air becomes heavier; #-
a Wire, and m s, de, are two Threads, oblique t0 : :
Surface of the Water ; of thefe Threads there may of
feveral ; and as the: Water juft touches the ToP
Crown of the Inftrument, when the Altitude of ! 4
Mercury is leaft in the Common Barometer, fo #8
Air increafes in Weight, the Inftrument finks i ?d
Water, and a fmall Bubble is formed on the Thl’e“h;-
which continually afcends and defcends through al t}s
Length of the Thread. From a Calculation o8 ° ,
‘Theory, it appears, that this Barometer is above Iz«cg
“Times more exact than the Common Barometer. "3
the whole Calculation in the Profeffor’s own y
in the Phil. Tranfaitions. el
18. Though I have made and tried the Baro™ I
above deferibed, and find it to anfwer the Theory .;,{6113

5
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z‘:ﬁlja yet is it not fit for common Ufe, becaufe it can

7 thew the extreme minute Variations of the Air’s
fh;d\glty ior the prefent Time, by rez}i'on it is affected by

e €at as well as Weight of the Alll'. While thf‘:
th isb'Iee of Heat remains the fame, -nothing can exceed

A n&rument as a l‘zaroinet@' 3 but as the Heat of the

. Vares, {o will the Elafticity of the included Air,

}r;‘i}} therefr_)re will caufe the Inftrument to vary its

W T Ity, while that of thel Air remains the fame, and
Nnot be of conftant Ufe.

19. T have already hinted that the Common Baro-
A; %> after all, is the beft Inftrument to meafure the
P ravity ; which that it may.do to the greateft
. ‘hon’ the following Things are neceflary. (1.)
Ty the. T'ube be at leaft of 1 of an ;llcll Bore; 1 of
Ny 118 a good Size. (2.) The Tube ought to be
Uy clean, and dry within when filI’d; in order to
I«:nd’s the Tube fhould be hermetically fealed at both
Whicy € the Glafs-Houfe when made; one End of
Uf. ;. May be cut off with a File when you intend to
thexsi (3.) The Diameter of the Ciftern that holds
be . “Crcury, in which the Tube is immerfed, fhould
t}&.rsilafge as conveniently may be, th:l‘t the M?rcm'y
ot rvf;_may have ncarl;._r at all times the fame Altitude ;
Ry, e the Index will not be true. (4.) The Mer-
T‘;n Mudt be very pure, and free from any Mixture of
fro2 L(_f?ld, or other Metal. (5.) It ought to be purged
if}g th It entirely, as it may be by boiling it, and fill-
T}y ~ Tube with it while boiling hot nearly. (6.)
'breakin;‘be muft be heated hot when fill’d, to avoid
by g by the boiling Mercury. (7.) It fhould be
Wil Evvﬁf}’ hard, to excite the Ele@ric Virtue, which
(8, “Ecl the Particles of Air from the Surface within. |
blieg A €re ought to be a Nomius (as it is call’d) ap-
gy ao :Ehc Index of the graduated Plate, to meafure

20, Flf‘,u}'&te]y. the Rife and Fall of the Mercury.
Othe s Artifice is of fingular Ufe in this and many
1ty S ales. It bears the Inventor Nonius’s Name, and
4p i“ Wre and Manner of applying it is as follows.

Srfedy

151

$ the : . ¢ :
Sy, © the upper Part of the Barometer, in which the pi. e

le”ace of

3 the Mercury is at C. F G is the ufual XXVII

of 3 . e
3 Inches Extent, from 28 to g1; and D E is
K2 the

Fig, 10,
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the finall Plate call’d the Nunius, fo contrived as g
flide by the other in fuch manner that its Index D M2
be always fet on one Part to the Surface of the Mer
cury, and on the other End pointing to the Divifio
in the Scale of Inches correfponding thereto. Agaih
the Nonius is divided into 10 equal Parts, which ¥
gether are equal to 11 of the Divifions of the Sca¢?
that is, D E — 11 Tenths of an Inch; and coZ c;
quently each fmall Divifion of the Nenius is equd
I,I; two of them to 2,2 ; three of them to 3,33 an
fo on. Whence ’tis eafy to obferve, that if the Inde*
D points between any two Divifions of the Scale, %
here between 29,7 and 29,8, we need only look bﬂcﬂ
to fee what Divifion of the Nomius coincides with
Divifion of the Scale, and that will fhew how m#
T'enths of a Tenth, that is, how many Tenths bC}’O!.]Jr
20,7 in the prefent Cafe: But you obferve the Nﬁ?’»’-”f‘
coincides with 3 Divifion of the Scale at the fifthtiy
vifion ; confequently, the Mercury ftands at zgsbz
Inches in the Scale; and fo you proceed with
greateft Eafe to the hundredth Part of an Inch, W
is a great Degree of Exactnefs. e
21. From what has been faid we may eafily fe¢ tr;
excellent Ule of the Barometer in meafuring the Hel5 5
of Places, as Mountains, Towers, €. For fince [i5
we thall fhew) the fpecific Gravity of Air (fuch #,
near the Earth’s Surface) is to that of Mercury 28 ;,]v]l
12040, ’tis plain 12040 Inches of Air in Height If

hic?

balance one Inch Height of Mercury; confeque” of
1204 Inches, or 100 Feet, anfwers to < of an In¢.4
Mercury. Therefore if a good Barometer be Cm‘r}w
to the Top of a Mountain, or other high Plac ot
Mercury will fubfide near one Tenth of an In€ | e
every 100 Feet of perpendicular Afcent, and fo wil
2 proper Index of the whole Height afcended. il
22. But fince Mercury is not quite 14 times B :
than Water, the Number 12040 is fomewhat t00
and therefore a lefs Height than 100 Feet will anfwe erd
2of an Inch Defcent of Mercury in the Baro® :;us
and what that is will be thewn from the Exper'’ ¢
made by Dr. Nettleton very exa@ly, as in the =
below. 4 e

arg?
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Altitude of ¥.
e
Toy, Height. Bottom. Top. Difference. for 5
Quaf g, f Halifax 102 — 29,78 — 29,66 — 0,12 — 85

&.nitr‘v:ﬁne . 140 — 29,48 — 29,32 — 0,10 — ?7
At ditts 236 — 20,50 — 20,23 — 0,27 — 8
Boa IREH)] 212 — 29,81 — 20,45 — 0,30 — 86

Yax Hil) 507 = 30,00 — 29,45 — 0,55 — g1

ﬂaig' Having the Height, to which the Mercury will
6 Hat' any one Elevation, it is eafy to find at what
‘heg' Cit will ftand at any other propofed. For fince

' b Enﬁty of the Air decreafes in 2 Geometrical Ra-~

]a‘zeis tl}e Altitudes increafe in an Arithmetical one, the
) ‘Wlll be as the Logarithms of the former ;'ecipro-
g s But the Weight of the Air is as the Denfity,
the “ﬁ Height of the Mercury in the Barom:ctcr is as
r-thlns Cight, thc_rcforc tl‘:e Elevations ar¢ as the Loga-
Conge af the Height of the Mercury rccxpro{'air’]y; and
Al Quently, if we take 30 Inches for the Standard
it fa]ltde:‘ and 85 Feet for the Altitude requifite to make

s of an Inch . then by faying, As the Luga.rithm
OiGT ¥ I
e R < s £
Is is the Logarithm of — to the
El 29,9 to 85, {fo 10 20,5

Crat : R g !
for,on which will make it fall 2 an Inch; and {o

¥ other
2 . * 3
fou:";’.After this Manner, the Do&or has computed the
g Tables.

K 3 A TABLE
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T I C'S,
‘—._'“‘_h__‘__/

A TABLE fhewing the Num~’ A TABLE fhewing 9%
ber of Feet afcending, re- Numberof Feet requif _
quired to make the Mercury tomake the Mercury i#
fall to any given Height in| | one Tenth of an_ I}’;
the Tube, from 30 to 26| from any given I‘ielgo
Inches. As alfo the Number in the Tube, from 31"
of Feet defeending, réquird 26 Inches.
to make the Mercury rife,
from 30 to 31 Inches.

s L R R

?*?:??;P*:??**?“?r‘?.b%

31 o] 834 70|28 4113095 32| |31 ©[82 26|28 89 ”

30 9752 §3128 311485 13| (30 9|82 53|28 3/g0 8

30 8" 670 o128 -2l1575 26| (30 8|82 79|28 2|99 1

30 71 587 21128 111665 70| (30 7|83 06|28 1|go Z?

39 6| 504 15128 01756 47| |30 6/33 33028 ofg! 7

30 5-420 82127 0[1847 t5| |30 5183 61|27 g9t 45

30 41 337 21127 &1938 971 130 4i83 8gls7 Blgl Zaﬁ

30 3| 253 3227 7|2030 72| |30 3184 16|27 ' 4

30 2| 169 1027 6|z122 80| (30 =z(84 44127 i

30 1| 84 72!27 52215 21| |30 184 72/27 g,,

30 ol oo oo}z7 4/2307 95| (30 ©[85 00|27 4’1

29 91 85 00j27 3l2401 02|29 985 29|27 7

29 . 8) 170 2927 202404 44/ |29 885 58l27 p

29 7| 255 87F27 1/2588 2oi fzg 7|85 86(z7 4-47

29 6 341 73l27 0[2682 33/ {29 6/86 16|27 451

29 5F 427 89|26 0|2776 Soi 29 5186 4526 7

29 4l 514 34@:6 812871 62 |29 486 74/26 2

29 3 6o1 08126 712966 79; 120 3|37 03]26 4

29 2| 688 11|26 6!3062 32 (29 .2[87 33[26 %
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PNEUMATICS.

A “%wﬂ Bladdery and many others on the
Air-Pugp, (LXXXVII).
| By

angLchXVIHr) 1. That we may‘h_ere ?xhibit a plain
Ay w C'd:‘ Idea of the l‘?rce_ \-vith which the Pal‘ticlc§ of
the ;3'901 one another, t’.}-‘il.l be meceffary to proceed in
e (])HO\K"mg Manner. f in any Diftance A B, there
fi.OrP aced any Number of Particles at equal In_terva!s
Cl; one another 3 and in any oth-:zl') ec;.r_ml Diftance
i, there are placed twice as many | articles at equal
v ootvals alfo; tis plain the Intervals between the Par-
S in C D will be but half fo great as thofe between
;I't' alrt_'lc._les in the Line A B. Hﬁclxxce the Number of
Ver elc % in any EL}Efiil 2arts of AB, CD, will be in-
but \%’ as their Dw_imi}ces f_rwn each other, Ql‘, if we
N == Number of Particles, and I-= to the Inter-

Val : T
: between cach ; then will N be always as T3 for
L : .
“25; or linear Dimenfions.

But for Superficies, fince they are as the Square

LGES,

Of ¢} .« ] 1 A
their [ike Sides, we fhall have N as T and in like

g : o
"“1n<:r, fince Splids are as the Cubes of their like

8¢ ;

'1633 we fhall have N* as ;— . ButN* is as the Déii-
fit
S‘D{Of the Superficies; and N3 as theDenfity of the
L confequently the Denfity D, of a Superficies of

thi I - I :
; Sgrta is as — ; and of a'Solid as =. And to faci-

lit I i3
.tié;te the Idea, let A B C be a Supetficies of fuch Par-
QUI);, equal to a fquare Inch; and DF a Solid of 2

C Inch,
‘ini.g [_}j‘?“?it }Ut_it be ['u}_)pn{'cd that e_nf;h‘ of thc".”c Pz.tr-:
g 1., L8 thote, and E"\.ofclunly, which are next to 1t;
\OWC;tOiEl“? repulfiye Force (l‘) bc‘.mvcjrfely‘ns thc n
: the Intérval I, between the Centres of two
adjitt‘nt Particles ; that is, let F be as ]I— Hence ’tis
Manife %

A b i < a
ft fuch an Affemblage of Particles muft confti-
K 4 tute
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PneumaTics,

BY reafon of the Spring of the Ay, it$
Density muft be always different in differ

rent Altitudes from the Farth’s Surfaces

for the lower Parts of the Air, being pl.'ef‘
fed by the Weight of the fuperior Parts
will be made to accede nearer to each

others

tute an ¢laftic Fluid, or fuch an one as, when comprcf‘
fed, or acted upon by any external Agent, will, by
Virtue of its innate repellent Power, re-aét or make
Refiftance with an equal Degree of Force,

4. Now the Force of the fuperficial Parts is as the
Denfity D, and the repellent Force F between tw0

Particles, conjointly, or as DXF ; but D is as I-K—L, and
virs I : I
Fisas T wherefore D X F is as -11;- II; — jj;;;?
which therefore will exprefs the elaftic Force of the
Fluid, Now the Denfity D of the Fluid in the cubi¢
2 : X :

Inch is as [» Whence I* Disas 1, I7 as T;—, and 125
I 2 2 : :

5_; which fubftituted for I in the Expreflion of the:

elaftic Force

I . : :
1”-}-—"" 5 giVCS D 714_:2. . that 18, the eIaﬂ’lc
or compreflive Force is as the Cube Root of that Pow¢*
of the Denfity, whofe Index is n=-2. ;

5. Hence if E the elaftic Force be as the Denfity D; ’

7

in any Fluid ; then the general Expreflion D ——

3
n+z nl.z2
becomes E T whence in that Cafe — = 1, and

3 .
fo n2=3and n=7, Confequently, in fuch a Fluid

: I : s
F is as Tt the Particles repel each other with Forc®®

: : : ; . of
that arc reciprocally proportional to the Diftance @
their Centres. Such then is the Property of l.hc’{’ﬂ“;f,T
: whoté

S g I gt I SR N R S g

Yy Y Sy Y N
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PxeuMarTics,

fﬁtef, and the more fo as the Weight of
¥ flnCumbent Air is greater ; and hence
the Eﬁi the De;?/z“f.‘y of the Air is greateft at
e arth’s Surface, and decreafes upwards
! Gé’af:zez‘f"fml Proportion to the Altitudes

N in arithmetical Progreffion. Now it is

0
U0 that the Air is four Times more rare
at
Wh
“T’higﬁi Deﬂﬁt}f is always proportional to the Forces
loys. - Sompreffes it, which is alfo proved by the fol-
: S LXperiment.
AEQ )et Mercury be poured into an infle@ed Tube
Then > Open at both Ends, to a {fmall Height as BC.
Ythe,. . OPping the Orifice D very clofe with a Cork or
Diggy,, S meafure the Length of confined Air DC very
1y 2 ad pour Mercury into the other Leg A B, till
the Sght above the Surface of that in CD be equal to
iti; S18ht at which it flands in the Barometer. Then
Wity aalfl the Air in the fhorter Leg will be comprefled
t}l‘c WhBUTCe twice as great as at firft when it poflefled
Wity t0]e Space CD ; for then it was comprefled only
%;mmﬂr;wdght of the Atmofphere ; but now it is
4 g ;)f by ‘that Weight, “and the ElédlthlE?Ll equal
n]es‘-ll‘fa 2 Column of QTLliCkﬁl‘{CT. Let E be now
Q‘“—afur;nfe of the Mercury in the Leg CD, and upon
80 breps, L the Space into which the Air is now
Pae (v 4, it will be found to be juit half the former
> thatis, DE =:DC.
& € it appears that the Spaces S=DC, and
p'ﬂ\eren’t ot ICh a piven Quantity of Air poflefies, under
d:r%a”y rcﬂ‘-_“'cs p and P, are as thofe Preflures reci-
3 s
3" ar:vrgcrie t_h’d Quantity of Matter is g.l\f(;:ﬂ\(/f_f.’d. LVI.
th‘eh S -Péf?c:il!y as the i\’lagm_tu‘dcs E)fllﬁod:les, VIZ.
’ph_ Oml“t.‘ﬂin’r?-cmmre 'theﬂDenhlttes of the Air are 1‘;3
O Iy PI‘ODe g Lorces x.in-?ui_y, vz, d : 15E s p: P:
“Cth 5 of the Air is the Principle to which we
- *Wention and Contrivance of feveral very Uéci
u

J\\JI') Hen
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PnruMmaTices

at the Height of feven Miles than at th_e
Earth’s Surface; and theréfore at thc A¥
titudes-of 7. 140 210 28. 3% 42. &
the Rarity of the Air will be 4 16 o
2:56: 1204, 40(“ 16384 &,

Ir the Air were of an equal Lwﬁtf
throughout, ‘tlm Height of the Atmoiphirc

mig”

Al

ful Inftruments and i\’facmues, fome of which I o)
exhibit'here, and others inthe Sequel of this Vflﬂ“'hg
8. We have fthewn in the laft' Aunotation that Elj]
Prefire of the Air, in its State of Mean Gravitys ¥
{upport a (,\m mn of Quickfilver to the Altitude of g?
Inches 5 and (in J;uﬂ&f LX1IL) it was {hewn that !
{peciic Gr of Mercury was to that of Watel? 0{
1410 I uuMIJ therefore the faid Mean Preflui® o
Air will fuftain a Column of Water to the '!'J“htca
14420,5=413 ‘rc} esi== 24 Feet 5 Inches.. But#g
I\ﬂlucmv s not L11\..1t(.. 14 l‘m*cs :.sh avy as V\MECfaqraa

/1t

‘-<,‘

may fake 4001 for. the Meafure of . the Mean Sy

vity.ofithe Air on Water and 9/;,«, for Mercury ; ané =

we fhall have D C: DE :: P: 29,5in I\luctlprC

DO P xon, m V‘JatLr COJ}{Lun‘Ht]y 400

=0 b of
A

gain, let the Standard Altitude of IV L‘I'C[“%
H=2g,5 or 400, and let the Altitude * o
fJ 5 thcn will P=H-}.7, and then the above EqY i iick
rive "IalS /‘u‘ﬁ?omr . Ab S.os e Heeh o Hg thh,
o1 /;, oL Pbe E - H f’J, Loﬂrtquﬂ e
Vifl D EaD given, you know the £ UbeSf
R l"L fox Example : Let DL—IOI ﬂrfl
it is reguired. to f.’.!(l what Altitude of Water ¥

by its Preffure raife the Surfﬂu’ at C one Inch ¢ ii‘eIH b

=1, DL_g, and H—400+ Then DE : CE : el

that 5, 92 1 :: 400 : 44,45 0r F G=445 : Inches | Al‘

1), or 3 “c‘ 8+ Inches. . Thus .m-m, Qyti” & O]’sb

titude F G ¢l :’: fhall 1?.im the Surface C 9 IDU“C"G of

of the Whole? Say, As 1 : g+: 400 : 3600=* G\chf

200 Feet. T’[ us the ALZ:ucln are found f?{owiﬂg
PR )

tenth Part of the whole Space D C, as in the
Table. it

3
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Night be' determined; for by Experiment
ge find'the Length of a Column of Air 72

"t high is equal in° Weight to one Tnch of

Ater of the fame Bafe: Hence the Den-
-Ilty_()f Air is to' that of Water as 1 to 864.
\ S-alfo found by Experiment, that the
Cght of a Column of Air the Height of

th : :
¢ Atmofphere will be equal to the Weight
of
Fots Inches. Feet. Inches.
I— 3. 8 6 —— 50 ©
e ISt B
S ekl e 8 — 133 4
e 4 0 9 300 0O
e os A3y OF-Tent08 3oy,

thEI%' Hence is deduced the Nature and: StruQure of
gu[r-e?fA*GAG E, i£1\r§ntf:ci b): Dr. Hales, and Df‘. Dyfa-
g whofe Defeription thereof I'thall here give. AB
age-Bottle, in which is cemented the Gage-
f in the Brafs Cap'at G. 'The upper End of
IOWer ube F s hermetically fealed or clofed; the open
fwims nd f js immerfed in Mercury C, on which
the Ta fmall Thicknefs or Surfiace of Treacle. On
Yy % of the Bottle is fcrew’d on a Tube of Brafs
Inge ;}‘P’efc’d with feveral Holes to admit the Water
lng b.Le‘ Bottle:A’B. The Body K is'a Weight hang-
e S}if “ts Shank L, ina‘Socket N, with a Notch on
SDrip 5 ¢ at s, in which is forced the Catch / of the
the vz > and pafling thro™ the Hole L in the Shank of
Oy Jff‘“ﬁhi‘ K, prevents its falling out when once hung
Tu‘ue b the Top, in the upper Part’ of the Brafs
Rladd,:l'}ﬁ’ 15 fix’d a large empty Ball, or full-blown

dint. *5 which muft not be fo large, but that the
wat{jr_

L

o
foyy

ube F
€

ght i:f_ : : -
may be able to' fink the Whele' under

¥.cmry
M R Ty e ) B +he
g‘.’,\,i":h‘ inftrument thus conftru@ed, is ufed in the
98 Manner. The Weight K being hung on,
the

g

Plate
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PnerumMAaTICS.

of a Column of Water of the fame Bafés
and 32 Feet, or 384 Inches high: Where”
fore 864 multiplied by 384 will produé®
331776 Inches, or a little above 5 Miles
for the Height of the Atmofphere, wer®
the Denfity every where the fame as at th®

Earth.
Bu*

the Gage is let fall into deep Water, and finks to iy
Bottom ; the Socket N is fomewhat longer than
Shank L, and therefore, after the Weight K comes L
the Bottom, the Gage will continue to defcend, ti
the lower Part of the Socket ftrikes againft the Weights
this gives Liberty to the Catch to fly out of the Hol¢ i
. and let go the Weight K ; when this is done, the B
or Bladder I, inftantly buoys up the Gage to the
of the Water, ¢
12. While the Gage is under Water, the W2l
having free Accefs to the Treacle and Mercury i1 tl;,
Bottle, will by its Preflure force it up into the Tube Ft:
and the Height to which it has been forced by the greh
eft Preflure, wiz. that at the Bottom, will be thew?, bg
the Mark in the Tube which the T'reacle leaves bﬂhmis
it, and which is the only Ufe of the Treacle. LI
fhews into what Space the whole Air in the Tube Ft-
is comprefs’d 5 and confequently, by the Rule (in /i’.’ts
g9) the Height or Depth of the Water, which by Lg
Weight produced that Comprefion, which i ’
Thing required. fe
13. If the Gage-Tube Ff be of Glafs, 2 Sci,,
might be drawn on it with a Point of 2 Diamond, ¢ ds
ing, by Infpection, what Height the Water fta? 2
above the Bottom, which Scale is made from the Nuf;ly
bers in the foregoing Table, where the Divifion 5
be made for Hundredth Parts, as well as Tenths. =
the Length of 1o Inches is not fufficient for fatho™} ;c
Depths at Sea, fince it appears by the Table, "o
when all the Air in fuch a Length of Tube is comPeg
2
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PNEUMATICS,

trerU % %’mce the Denfity _of t-hc Air de-
r&raf‘es with the Preflure, 1t. will be more
aﬂ(fl?"ll)ed ar_xd expanded th(—:'hlgher we g0
v this means the Altitude of the At-
mofphere

ﬁiméo half an Inch, the Depth of Water is not more
1y 34 Feet, which is not half a Quarter ofﬂ Mile.
g és llt to rcm.cdy ‘thlS we make Ufe of a 1 ube 50
b long, which for Strength may be a Mufket-Bar-
By And fuppofe the Air comprefled into an 1oodth
Sl i Fe s £ e . A
: 396;2: ; ln ’Im_n : t.un{l\)y faying, A,Sf 199 1 4r:lr>
Moge i nches, or 3300 feet; even this is but lu’n‘c
Yafey, ban half a Mile, or 2640 Feet. But fince "tis
PrOpga le to fuppofe the Cavities of the Sca bear fome
Whic Ition to the fnountainous Parts of Land, fomne of
£, | are more than three Miles above the Earth’s Sur-
toy > therefore to explore fuch great Depths, the Doc=
for tontrivgd a new Form for his Sea-Gage, or rather
hop 2 Gage-Tube in it, as follows. BCDF is a
Wit W metalline Globe, $ co_nu}".unic_aﬂ:‘lg; on the jl‘op
of th§ ln;\g Tube A B, whofe S,upacltj; 54 _l‘m‘t of t_}mt
fhy, ~Flobe. On the lower Part, at D, it has alfo 2
Th, ;We DE, to ftand in the Mercury and Treacle.
Q%pp“; contain’d in this compound Gage-Tube is
Qc‘lh' efs’q by the Water, as before; but the Degiee of
fope o2cflion, or Height to which the T'reacle has been
fore o Cannot here be feen through the Tube: There-
wo O anfwer that End, a flender Rod of Metal or
o, Wwith a Knob on the Top, muft be thruft up
Mark 0,_0‘1) Cz'r:thc Tube A B, which will receive the
Is, I‘Ftne T'reacle, mul ﬂw\y 1t 'when tnkenront..
RBQW the Tube A B be 50 Inches long, and of fuch
{ngy 5 3 that every Inch in Length fhould be a eubic
{0y 'the.A!r’ and the Contents of the (Globe and Tube
Compm}‘,SOO Cubic Inches; then, when the Air s
' 8d within 100dth Part of the Whole, it is
¢ Treacle will not approach nearer than 5
¢ Depel ? Tep of the Tube, which will a%{t’?.&:
his 1 A of 3300 Feet of Water, as above. C\f\‘lC:(-
Pt will comprefs the Air into half that Space
nearly,
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PneumaTics.

mofphere becomes indefinite, and term

nates in pure Azher.  But though we e’
<

not aflign the real Altitude of the Atm@*

phere, 1t 1s certain from Qbfervations P

Exp%

nearly, wiz. 2% Inches, svhich correfponds to 660?
feet, which is a Mile and a Quarter. Ascain, po
that Space, or 1% Inch, will fhew double the f’n!"mef
Depth, wiz. 13200 Feet, or two Miles and 2 hﬂlfc’
:-:\Timh is probably very nearly the greateft Depth of
Sea. }
_ 16. A Gage of this Kind may be of very great Lﬂf
i many other Cafes. Thus the prodisious Force ?
Compreffion arifing from Freezjug maybbe zccu;‘atdy
tyied : Leta Bomb of caft Iron ﬂxvor eipht Inches Dl;
I‘ii(‘t’:l}_-ﬂ’t‘.!{. abeut one Inch thick, be ful?d with Watet?
then if a {mall Gage of this'Sort be made and fix'® g
a Stick, which is to be fet upright in the Middle © thl
Bomb, {o that the Gage-Bottle may be in the cf‘”trf:j
Part ; and if then the Hole of the Bomb be faft foCW!
up, ‘th’c _Bomb cavered over with 2 fieezing Mf'-"i”{
{which is made of equal Quantities of Salt and Sﬂo‘?:
or pounded Ice) in a little Time the Water will beg.”;
to freeze all round the Infide of the Bomb, and by [,
Expanfion will produce a greater Force upon the ¥ qf
ter, and a greater Degree of Comprefiion of /the AJ&
of courfe, than by any other Means yet known : nﬂ
t!ns may be continued till it thall burff the Bomb, W :;C
the Gage taken out of the globular Shell of Ice (o7 f‘.;
Water will be frozen only on the Outfide) will foet.
the exact Quantity of this Force of CO!H;)ifﬁfziﬂlll

17. Dotlor Fales (the Author of this Contfi"’aﬂc{z'
actually made the Experiment, but not having W& "5
cured the Gage, it was broken to Pieces ; but ob
computing the Force neceflary to burft an Iron 0%
an Inch thick, it appeared that this Force was “bou-
equal to 1340 Atmolpheres, or the Preffure of 237
times the erig?zt of 33 Feet of Water. But “3;
Computation was made :f;ron Suppofition that the -';;
heflion of caft Iron is the fame with that of Iron- I{}ut
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t‘;"Periment, that 45 or 5o Miles is the
fon:.()& Height where the Denfity is _fifficient
that‘ﬁ‘ﬂf?‘? @ Ray of Light; and therefore
&, May be eﬁecfmc‘d the Altitude of the
(L to Ehe leaft fenfible Degree of Denfity.

LXXIX).

SINCE

by, .
may“; 't muft be confiderably lefs, fo the Number 1340
Cop € diminifhed to 1000; and then the Air muil be
ity 2“3 s'd into 1000 times lefs: Space than it had in
deyy E“Lur?d State, and muit in that Cafe have been more
T mthuﬂ Water: For its Denfity then to that of
Watean Air was as 1000to 1 ; whereas the Denfity of
"and Air are but as 860 to 1.

Wity :l\.fter the fame Manner may be tried the Force
&Ure Which dried Peas; Beans, &fc. expand with Moi-
g ! When confined in 2 Bomb ; for it muft be a very
r'zme]%‘ 'efic] indeed, fince it has been found by Expe-
Zike P th€y will burft a Gun-Barrel in fwelling. In
lgs,, her alfo the elaftic Force of factitious Air ge-
* ftom Bodies by Fermentation may be eftimated
Othe, FIEY_HECC and entertaining Manner . With many
Wi X h,“‘:’-:S of this Sort, which the ingenious Reader

H““)? ‘1‘ cexcogitate of himfelf. -
Nand‘ WALX) 1. The Denﬁt‘y of the Air on one
Yoo and the Rarity on the other, are both limited
liog “denfation can reach fo far as to caufe a Penetra-
My 2Arts 5 the umoft Limit, therefore, of Denfity,
ifduqeg  perfect Plnum, or a given Quantity of Air
O, 0t0 3 Space ablfolutely full, or without any
ing E,rwbhmh is a Degree of Denfity that has not been,
e ; Obably never will be, in the Power of Art to

2

Er%ee(d)g ;d}f-' other Hand, the Rarity of the Air cannot
thﬁr ‘Ou:ﬁm h:zz:zfﬁ.r, brutol.ms its Lu:a:ﬁrl {ronl its Gravity :
itse : ;;C: e Rarefacti n of the nar}l\ge mll. greater as
B Sp T}froz::- the Surface of the Earth increafeth,
hich"t‘“ ength will be fo weaken’d, that the Force
¢ Particles tend upwards from thofe next

below
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S1NcE the Gravity of the Air is 0 ‘7,3‘
rious, that at one time it will fuftain a P**|
lar of Mercury 31 Inches high, when at
another it will raife it but to the Height

28 Inch®

below them, will be lefs than the Force of Gravity. b};
which they tend downwards,  The Rarefaction of o8
Air muft therefore be bounded, where thefe two OP?
fite Forces come to balance each other. A
3. Now though we cannot poffibly define the Lif
of the Atmofphere, yet we may fill inveftigate 10‘,5
much the Air is rarefied at any propofed Altitude ab ¥
the Earth’s Surface : Fordoing which, feveral Met! i
have been propofed ; fome of which are ver tedlouir
and difficult to be underftood, I fhall here illuftraté i
Ifaac’s Theorem for that Purpofe, which is very con,
and plain. It requires only two different Denfities ijcﬂ!
Air, at two given Altitudes above the Earth’s Sﬂf{‘;ﬁ,
to be known, and which we eafily obtain by ExP
ment as follows. I"{
4. Takea Vial AEF B, fill'd two Thirdsfil
Water to CD 3 in which let a long Tube I G (OPg}
at both Ends) be immerfed, and clofely cement® o
the Vial at A B, fo that none of the included Aif e
efcape. This done, blow a little Air through e
Tube into the Vial, which increafing the Spring © cr
contained Air, will caufe it to raife and fupport # i
lumn of Water in the Tube, to fuch a Height H,
Weight, together with that of a Column of Air pre )
on its Surface H, is equivalent to the increafed 5
of the confined Air. o’
5. The Vial and T'ube thus prepared are to be ];nfi
tied up to the Top of a Tower, Mountain, or fome." i
Place; and in_the Afcent, fince the Column o, i
prefling on the Water at H is conftantly fhorten® i
its Force of Preffure will be diminithed, ‘THe- Puml‘
of the Air in the Vial will therefore keep the CO el
of Water conftantly rifing in the T'ube ; fo that i
ou have afcended the Height of about 72 Fects 0

: : ; h
Water in the T'ube will have rifen from I to o © g




PNEuMaTICS:
28 Inches, in the Barometer; it follows,
% we may take 29+ Inches of Mercury
\;’; the mean Altitude, and confequently its
Cight for the mear Weight of a Pillar of
- Air
Pace of one Inch; and fo in Proportion for any
“ Altitude, as I have feveral Times found by try-
the Experiment.
Ingp, . ~9m henee it appears, that the Altitude of one
o 860f Water is equivalent to the Altitude of 72 Feet,
Vit 4 In'ches of Air; and therefore the {pecific Gra-
T Of Air is to that of Water as 1 to 864, or, as Sir
N has flated it, 860. Now fince the fpecific Gras
forg of Water is to that of Mercury as 1 to 14, theres
bea the {pecific Gravity of Air to that of Mercury will
Ty SXt0 860X 14=12040; and fince the Height of Mer-
if ?‘V fupported by the Air in the Barometer is 2,5 Feet 3
peef fay, As1: 12040 :: 2,5} 2,5X12040=30100
ey, Which would be the Height of the Air were it
Where a5 denfe as at the Earth, or about 53 Miles,
feef, .2ut fince the Air is not uniformly denfe, we muft
by '8 Height by another Method to be taught by and
deére N the mean time, a the Air’s Denfity conftantly
_Denfafes, we fhall thew how to find the Ratio of its
Th 1ty at any Altitude to that at the Earth’s Surface,
whic?: f?nce the Denfities are as the comprefling Force;
A, . 1S as the Altitude of the incumbent Column of
Ltg and fince the Weight of Mercury is to Water as
lumnuﬂ it is plain that the Air which fupports a Co-
Wate ercury 2,33 Feet, will fuftain a Column of’
Eax-thf to the Height of 33 Feet. The Denfity on the
3 ﬁi urface then is as 33
Ajp \83in; it is evident, fince 860 Feet Altitude of
Heigh qual in Weight to 1 of Water, therefore at the
Qi ¢ of 860 Feet above the Earth, the Air (contia
Wois I the fame State) would fuftain only 32 Fect of
ﬁty of ¢ Atﬁth? Height therefore of 860 Feet, the Den=
for: Hene ema e .
Oung 1, oc the Denfity at any other Altitude is eafily
ang g, % the Hyperbola £ i h, and its Afymptotes SK
&*Qe; >, 2€ing the Centre of the Earth, and A its Surs
¥a hen the Earth’s Semidiameter S A = 4000
LI, L Miles

the g
oth
(!
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Air of the fame Bafe. But a Column of
Mercury whofe Bafe is one Square Inch, 2%
Altitude 29%, weighs about 15 /5. which ¥
equal to the Preffure of Air on eveff
Square Inch; and therefore upon evet)

Squatt

Miles neatly, of 21120000 Feet. Take AB = 860
Feet, and let the Denfity of the Air be.required for an
other Height, as AC = 7 Miles, or 36960 Feet. §
the Points, A, B, C, ere&t the Perpendiculars A H:
B I, CK, which let be made proportional to the Deﬂt
fities of the Air in the Points A; B, C ;5 that iss led
AH:BT:33:32, and AH: CK:i33:4; &
from the Points H, I, let fall the Perpendiculars Ht, ]bg

10. Then putting SA=Aa=r, SB=a4, SC=b, al

SB:SA::A:}:B&:%;thuS Cz::rb—r; thenA"g

B :M—”’, and Aa-—Cc:&r_;M
Zisnals ;2 :: AH : BI. Then by the Nature of
Hyperbola, we have the Area thiu ‘as the Logar!
ofg—g, and the Area £ A # w as the Logarithm of%{—i‘z of
the Area thiu:thhw::L. =:L. 5. But (tf
Coroll. to Prop. XXII. Lib. 2. gf the Pjimipz'a) it ;3;

o

. And put/ :
¢he
tht

tbiu:tbi’w::Aa—‘BE;:Aa——Cc::M%
o G A e e
: b e A T i Z
11. Now, becaufe ¢—r — AB = 860, and b7
O
A C = 36960, we have e : —3499‘6'%‘ %
21120000 ~ 211509
mn 90
L. e e L. -?2- ; whence we have L. 22 — 035T3I.90,
x
therefore L. — L.x = 0,5731g0 3 whence Le ”;J-ﬂg
0,573190 = L.x = 0,g45324, the Number anf#¢

to which is 8,817 = » = CK, the Denfity rgqulli y
Or, the Denfity at A is to the Denfity at C a$ A
CK,.or as 33 to 8,817, which is nearly as 4.£0 Ie
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Sg’_’f’?‘é Foor it will be '2160/4.; and al-
fa:‘flng 14 5 Square Feet for the Sur-
© of the Body of a middle-fized Man, it
U fuftain a Preflure of 31320 Pounds,

or
2,

&5 :
the DeFro_m the Nature of the Hyperbola it is plain,
@Wimn tties s, 7, x, muft be in a geometric Pro=

Lt 8¢ But to fhew thefe Things more generally =
Cgp _~ = ¥ be a variable Diftance, and its Fluxion
Fbre:,'_“; let the Denfity CK =y, the comprefling
Vity as”l the Altitude C as v, and the Power of Gra-
be the 8" Then will the fpecific Gravity of the Air
the Gl‘e a5 gy; for it will be as the Denfity y when
h&n‘ﬁ ra‘{lty.g Is given, and as the Gravity when the
Con::7 1S given: and when neither is given, it will be
I””“}y as both. &

o i Since the whole Weight or Preffure of a Colunin
ity fhec: Omopeneous Fluid, of a uniform Denfity, is as
Mg, Lc‘lrﬁc Gravity multiplied by its Magnitude, (by Ar=
ray L 10,) and if the Bafe be the fame as the faid
Fluxioy Multiplied by the Altitude, and therefore its
O the 3 thefpecific Gravity multiplied by the Fluxion
R " ltitude 5 therefore we have gy& =—a, bex
{ mae Denﬁry of the Air thro’ the VE? {fmall Space
Ure de. ¥ be look’d upon as uniform ; and fince the Pref=
thap -C€afes as the Altitude increafes, therefore it is
“Make the Fluxion of it negative, wiz. — .

W ravity g easx—ﬂ;, and the iJenuty y as

O S :
g T of the comprefling Force », viz. if y: o7,

Crefo e I . .
fore 3. L » by taking the Fluxions we have
p - Ju
B
J
n YO %5
tigy 7= 3. In the Place of g and % in the Equa-
gyx —_— . £ =
el Iet their Values be fubftituted, and we
T
have i ST '
~ v
y e
L |
m We put n=1, that is, if the Denfity be as the
Brefing 1 e
ng I103‘Ce, we have £ =2, Now, fince’
Yo

L 2 any
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or 14 Tons, when the Air is of a med?
Gravity. This prodigious Force woul

crv
any Quantities », v+a, x¥4-24, x+3a, In arithm‘iﬁ;
cal Progrefiion, have all their Fluxions equal and
¢t
ken in fuch a Progreflion, their Fluxions

xﬂl

¥ i . - 4 161 I
fame, viz. x; therefore if any Quantities e b

Sty : ' 1
or — will be all the fame or conftant ; theref?
xm

'~;- == x%z = 1; confequently j : y, that is, the e
jons ‘of the Denfities are as the Denfities themfﬂl"esi;
which therefore are in-Geometrical Progrefiion,
manifeft from the Doélrine of Fluxions. o’
16. If in the fame Hypothefis you put m=1, o *;
pofe the Gravity to be cvery where uniform, or gve

il T : oh

then < =%, If now we take — conftant, or mak
¥ X X gl

: %, then will the Diftances x be in Geometrical Pr og’
: L

fion; and in that Cafe alfo wehave 2 = 1, 0L 2

; y o
whence alfo the Denfities yare in Geometrical Progf‘aﬂi
1—27

; . I o8 g
17. The Fluent of the above Equation—J3"° /

= T et — : u
— s —— g7 = =—— §I-mlQ, aconftant &
xm I—n Mm—T1 e

tity. Here, ’ti$ plain, it cannot be n = 4, fof ’

I ¢ |
— ! ol
y° = Infinite; nor can m=1, becaufe then I ‘zveﬂ
be wi—mxoz=1, and fo the Denfity y would bé “ gf

where the fime, or conftant; neither can 7z = *’

==ty a
—

B Q
then »* =y% =o. To determine the Valu€ (::f;lm
we muft firlt define the Altitude SF, where the De Z
vanifhes, of y=0, and call it a=SF ; then weha¥"" "~ i
] T—n et
ot g : Rt wi—n
a5 and hence bomen -—'-—zs.'i—::lwll‘ﬁ

—1 —
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PREuMATICS.

Yufh us into a very fmall Compafs, were it
10t that it is equal on every Part, and coun~
terbalanced

W 3 e : ;
here ’tis plain ~—— ought to be a pofitive Number,
- : .

:1‘;5 lefs than Unity, that while the Diftances ¥ increafe,

“ Henfities y may decreafe,

belfs' If the Altitude at which the Denfity y vanifhes
Uppofed infinite, then Q_= o, angd the Equation is

Ty

x1—n, For if in the Equation (Ars,

n—k

1 2 at—m  x1—m

1) Y=o, and x=Infinite, then —_— =g
; : R e e .

thtrefore aqi—m Al x I—m
1 m—1 -~ m—I
"y to Suppofition.

I - - -
of t9- If now the Gravity be reciprocally as the Squares

¢ Diftance, or m = 2, we have the Equation

» and fo a= = Infinite, con=

I—y ==

Y A

. 1 I I

;:;; 3" = ——xt—m become — 3" = —3;
m—1 I—n ° x

w n

Fieﬂce ¥ will be reciprocally as x»—1, which is 2 general
Pre,{;-m[a for any Hypothefis of the Ratio of the com-
: Qom”\g Power and Denfity. Thus, if you fuppofe the
ﬁty Premng Force in the duplicate Ratio of the Den-
f 2 that i, 4* ; @3 then y=v%, and #=3%, and there-
Q .
,Hl‘e }'_f:n= 1, whence y will be reciprocally as #,
of gt &l thofe Cafes of Schaliurm to Prop. XXIL. Lib. T,
5y *incipiq are derived, and any others at Plcafyre.
it j e'v.}he Denfity of the Air decreafing indefinitely,
Atmofl ent there is no certain Limit or Boundary Qf the
or Phere! which gradually rarefies into pure Zzher,
Eﬂ'eg{a’ as it is often called. But fince’one prmrlipal
thelp‘aog the Air is the Refraétian of Light,‘2nd fince
of § rticles of Light are the {malleft Bodics we know
ature, ’tis reafonable there to fix the Boundary
We may properly call ir, in the Altitude where
L

3 e

uf What
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terbalanced by the equal Re-a@ion of the
Spring of the Air within us (XC).
THE

it begins to have the Power of producing this leaft B
fe& in Nature, viz. the refracting a Ray of Light.

21. 'T'o difcover this Altitude of the Air, we ha'®
the following Method. Let ADF be the Surface of the
Earth, § the Sun below the Horizon, S B a Ra% 4
Light touching the Earth ; which is refleSted by a Par
ticle of Air, in the higheft Part at B, in the horizof:
tal Linc BA to a Spectator at A. * The Angle S Bl,q
is the Depreffion of the Sun below the Horizon in th
Cafe, which, becaufe it is at the Moment Twiligh
ends, is known from Obfervation to be about 18 D¢
grees. But becaufe BA is alfo a Tangent, the Anglt
ACD —=SBN — 18 Degrees; and the Angle ACH
= # ACD = g Degrees; which would be true, did the
Ray SB pafs through the Atmofphere without R efraction
but becaufe it does not, but is refratted or bent towal
H, the Angle A CB muft be diminithed by the horizo®’
tal Refraction, which is about half a Degree ; when¢
the Angle ACB = 8° 30/, B

22. Therefore in the right-angled Triangle A € C
we have all the Angles given, and one Side, (wviz. A
= 4000 Miles, or the Semidiameter of the Earth) ¥
find the Side BC, thus,

As the Sine ABC = 8:° 30’ = 9.095203
Isto the Side AC = 4000 = 3.602060
So is Radius 90° = 10.000009

To the Side BC = 40442 3:600857
whereforc BC—HC=HB=44% Miles, the Height of
the Atmofphere required.

(XC) 1. Since a cubic Inch of Mercury weighs "e%

nicely 8,1 oz. Averdupois, a Pillar of Mercury, who'
Bafe Is one fquare Inch, and

b, 0z.

_ 28 4 3
Altitude 9 29F ¢ Inches, will weighy 14 15 ¢ feré

e I5 I

5 : £
2. So that the Air, af a mean Gravity, is eqm‘,@!eﬂ:

to the Preflure of 15%. upon cvcryl Jquare fiﬁ_ ;e?;’g
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Tur Weight of the Air is proved by a
grffat Variety of curious Experiments, the
Prlncipal of which here follow.

(1.) B

}hErEfOrE upon every fyuare Foot it will be equal to 2160
the and 5160 X 14,5 = 31320 /. or 14 Tons neatly,
W ‘Vetght or Prefiure fuftain’d by a middle-fiz’d Man.
ang tn the Air is lighteft, this Preflure is 135 Tons;
t When heavieft, it is 14+% Tons, the Difference is
cz)l Ton, — 2464 lb. the Weight with which we are
Mprefs’d more at one Tlime than another.
feé" T_his great Difference of Preffure muft greatly af-
que Us in regard to the animal Fun&ions, and confe-
ﬁan“ﬂy in refpe& to our Health. Ifa Perfon, for In-
Ce, be afthmatical, he will find his Diforder in-
%fe with the Levity of the Air; for fince a pure,
¢, elaftic Air, which is very heavy, is only capable
1 ttend his Lungs in Refpiration, when the Air is
lefs SOmprefs’d by its diminifh’d Weight, it Wl'ﬂ have
? Elaﬂicity, and fo be lefs capable of expanding the
Bgs: the Valetudinarian will therefore find his Dif=
Culty of Breathing increafe in Proportion.
inq" Again, the Reafon why we think the Air lighteft
Ne Weather, when it is really heavieft, is becaufe
an 8reateft Preffure conftringes and braces the F ib_rcs
: erves, and brings them to a due Tone, by which
305 2] the Blood-Vedels aét with their full Power
to t;:’“"llral Vigour ; hence a proper Velocity is given
0 ﬂ:e F;uids, and a greater Moymentum to overcome
]atiomﬁlﬂns in the Capillaries; thus by a brifk Circu-
lige 1 of the Fluids, and 4 due Compreffion of the So-
they }Ve find ourfelves firm and well, alert and light, and
core fancy the Air is fo.
lefe, s hereas, on the contrary, when this Preflure is
cﬁnt;d by near 2500 . the Fibres are relax’d, t}}c
S ‘;&513 Feorce of the Veflels diminifhed, a languid
Wation enfues, Obftruétions, Vilcidities, &c. hap=

C)

n .
2 and produce Agues, Fevers, Aches, &c. 1 fomes

anq ;
SM‘,? ally 4 Sort of Indolence or gloomy Inativity, and
frop, Nefs; and therefore we imagine that it refults
fh_e Heavinefs of the Air, when it isjuft the contrary.
“itbe required to find the Weight of the wholefﬁ\t-
P mofphere
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(1) By adually weighing i in o nitt
Balance ; where we thall fee that cne Gallo?
of Air will weigh a Dram very nearlfs
(2.) By filling a Glafs Tube with Mereurys
and inverting it in a Bafon of the {ame
Fluid, where it will appear that a Colum?
will be fupported in the Tube by the folé
Weight or Preflure of the Air, to upward5
the Height of 28 Inches. (3.) By taking

- the Air off from the Surface of the Quick”

filver in the Gage of the Air-Pump, which
then immediately rifes by the Preflure of
the external Air. (4.) By exhaufting 2

Receive!

mofphere on the Earth’s Surface, we may procecd thus*
Suppofe the Earth’s Diameter in round Numbers 8002
Miles, the Area of 2 great Circle will be 8000 X 85{03
X 0,7854 = 50266400 fquare Miles, which multipli¢
by 4, gives 201065600 {quare Miles for the Surface ¢
the Earth ; but becaufe we took the Diameter a lit
too large, we may take 200,000,000 for the Numb®
of fquare Miles in the Earth’s Surface ; in one fqua®
Mile are ( 5280% §280=) 27878400 fquare Feet, ther®
fore on the Earth’s Surface we haye 557568000000009°
fquare Feet, which multiplied by 2160 (the Preflure a3
each fquare Foot, 4¢.2.) 8ives 120434688000000000%%
Ib. for the whole Preflure, N, B. Since 2240 lb. maké
a Ton, the Preffure 2160 /b, u pon a fquare Foot, is V¢
near a Ton Weight, i ¢
7- 1 fha_” now prefent the Reader with a Solutio?, [?I‘
a very curious Problem, viz, 7, Sfind the Thicknefs F
of an_bollow Ball or Giobe FD M E, made of any gt‘””.’;
Meial, &C-_ whije fpecific Gravity is known, fuck th#t /
Jhall. fwim immerfed in Papp or wholly in any bamvgﬂzeﬂﬂ:
Fluid, wbg& pecific Gra'vilfy 15 alfy Fuown. Let A B .b
the Surface of the Fluid, and let the Globe F D E fWi™
therein, immerfed to the Depth LM, and let the fpec! 2 :
Giravity of the Metal be to thatof the Liquoras 1 t& ¥
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Re“’i‘fﬂl‘ placed over the Holé of the Brafs
%€ on the Pump, which will then be
Pt faft on by the Preflure of the incum-

bnt Air, Or, (5.) More demonftratively

eXhalu{’ung a fmall Receiver under one
“ger, and letting in the Air at once
Pon it; which will then be faften'd to
l&te as before, though not placed over

the ¢ Hole, (6.) By placmg the Hand on
Open Receiver, and exhaufting, the

tre e‘ght of the Air on the Hand will be ex~
plemﬂf {enfible. (7.) By placing a plain
¢ of Glafs on the faid open Receiver,
h: when the Air is a little exhaufted,
will

LM Theh putting the Diameter FM =D, HN =4,
B *3 we have the {pherical Shell equal to the Sphere
F""‘Sphere HIK, that is, 1-)-——612-—-?—(5- alfo the
s >
: gmeﬂt of the Liquor DME, Jspfx 2){) 3
: PI)z OfanEqullxb: ium between thefe Quantities, we have
\ P Dx* p 3
6= L2 ...,5:1. Whence we fhall
Bt D, gy 2D

*D=13Dx?p——2nx%; and thence D?—3Dxr

Ds or D® 3xn+2nx

and, in

= 4*; whence

- D—4
the SvDi— gy n——-z-%-« Therefore =

9 ]I]kauers of the Shell required.
wh@]l We fuppofe the Body to fwim in the Fh id

"'?:})\y/ mm"rfed then ¥ = D, and 4 — \/D X Tt

to :""‘”- Now admit FDE be a Sphere of Copper
Alr hln D’ameter and that the Fluid Medium be
91¢ fpecific Wewht to that of Copper 1s as % ('[O
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will be broke into Picces by the Weight of
the Air. (8.) A Bladder tied over e
fame Glafs will be broke in the fame M2
ner. (9.) the Air exhaufted from a thi?
Bottle under a Receiver, and then fudden!f
let in, will, by its Weight, inftantly redd®
it to very fmall Pieces. (10.) A Bottle br?
by the fame means another Way. (11.) Y
putting a Piece of Wood under (kaﬁlV :
in the Receiver, and then exhaufting ®
Air, and letting it in again, it will by !
Weight force the Quickfilver into the PO
of the Wood, and very fenfibly increafé’
Weight. (12.) The exhaufted Brafs Heﬂ" g
fpn_exes prove not only the prodigi
Weight of the Air, but alfo the Q_ﬂﬂuy
e very exaétly. (1 _,) By ﬁwd’laulf‘lﬂt
Glafs Bubbles fwimming in Water, an

ing the Air in again, it will force the Wak
into the Bubbles, and make them fin®

(14) ™
1 P

860)(9:;640- hence 7 — 7_5-4}.3’ and therefore *
g0
=1 76140 76:]-7)2; and becaufe D = 10 Feet, o I(a
o

Inches, therefore 120 \// 39 =d=119,092} 5

D—d g 1#
oy At 0,004 = FH, the Thicknefs of the Met?
quifite for the Globe to fwim in Air.

10. But in order to this, one Thing more 1% né at‘{
fary, wiz. that ihe Cmmut_y of the Globe be af’ﬂ"’g 0!75
sr Vacuum : for if it be filled ‘with Air only, the™ i
5
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?4-) The Syringe with its Weight defcend- .

81 Vacyp, and afcending again upon the
Muffion of Air, does very prettily prove
Sﬁ.P reffure of the Air, and the Rationale of
Hinges i general (XCI).
THAT
Wil :
Qa; f%nk In the Air, be it ever fo thin ; becaufe in that
Aj, 'tmuft be heavier than an equal Bulk or Globe of
45";1 tnce we fee how impofiible a Thing is that
1'1_: vigation, which Francifeus de Lanis and other
Philode-Mongers have amufed us with, before true
Qlyg; Ophy appeared to deliver us from thofe vain Spe-

thereooflss and fruitlefs Attempts that may be grounded

1,

fal(xcl) I. I fhall here give the Rationale of the feve-
the,, ““Homenq of the Experiments on the Air-Pump, as
Sup: e fhewn in the Order of my Le&ures on this
I * The firft of which is, # fbew the abfolute
of the Air by weighing it in @ Balance ; of which
LXXﬂVe already given an Account in Amnotation

XVII, .

2 p EXPERIMENT II.
gt{,e }}e Second is, fiving a [mall Receiver on the Plate
tafy /fzr-pz.smp, by exbaufling the Air out of it. The
Rog ;11 of which is, that the Preflure of the Air acts
Sl e on the Qutfide of the Glafs, and perpendi-

Q) too? its Top, and prefles it down with a Force

Qhes i o> many Times 15 /b. as there are {fquare In~

Ih th
(et

Gl g q € Top of the Glafs, or in the largeft horizon-
E‘]_uipolion ofit. The Spring of the Air, (whichis always
Mthi Nt to the Preflure) being now taken away from
Ny 'Ft € faid Receiver, will leave it to fuftain the
"ﬂwh oree of Preffure, which will therefore fix it fafk
0 the Plate,
23 Th EXPERIMENT IIL
I‘i’fe, " & Third Experiment fixes the Glafs firmly on the
5 g jsai’ as before, over the Hole, but on one 8ide of #t.
frrﬁne()u © undeceive People in regard to the common
ey i * Notion of 2 Sustion, which they fuppofe is
% the \& Within-fide of the Glafs that draws it down
"M paffes out though the Hole. But when thfy
ee
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Tuat Water rifes in Pumps, Sypbaﬂf’
and all kinds of Water Engines, by the
Py

fee the Glafs placed on cne Side the Hole under 3 RE-:,
ceiver, and that as the Air is drawn out of the Re] 3
ver it will by its Spring all efcape from under the G ag
at the fame ¢ime, and then when the Air is let int9
Receiverall at once, it falls on the little Glafs, and i
it down in fuch Manner that it is plainly feen t0 i_'ﬂ’,s
into the Leather upon the Plate ; Ifay, when all thi? ¢
feen and confidered, it entirely eradicates that v
Error, and fets the Truth in a clear Light,
EXPERIMENT IV.

4. The Fourth Experiment fixes a Perfon’s Haﬂd
the Top of an open Receiver.  This is done by the Pfccﬂ
{ure of the Air on the Top or Back of the Hand, “’hfo
the Spring of the Air is wanting within the Recei\ferﬂJ
counter-act it. This great Preffure is very fenfillig |
the Hand, though not hurtful ; and the Skin and o
is vifibly preffed down between the Metacarpal B% s
The Spring of the Air in the Hand at the fame€ lthﬁ
exerts itfelf, by extending the Skin and Flefh Ofblﬂ
Part of the Hand on the Glafs as far down as pomaﬂa
by which means the Blood flows thither in great '= j,
tity, as in Cupping, and makes the Part look very ¢
If the Area of the Top of the Receiver be 4 Sfl.ab;
Inches, the Handwill be prefled or kept on by a wels
¢qual to 6o/,

EXPERIMENT V. ol

5. The Fifth Experiment is fixing the Brafs Hfmf[ﬁ/[aﬂ’
dagether by the Preffure of the external Air, in fuch “Zopié
ner as to reguire two firong Men to pull them afunder * g
is done by exhaufling the Air from their Cavitf? ;10
thereby taken away the Spring, leaving the Pre ubs*
act alone, If the Diameter of the Hemifphere® hjc]‘
Inches, the Area will be 12,556 Square Inchess ¢
multiplied by 15 gives 188,3 /b, by which they 2
prefled together, ‘

EXPERIMENT VI “/f{’

6. The Sixth Experiment fhews the Spring 9 ) Jﬂr i
throwing the Air out of a Glafs-Bubble through thEPVj} A
which it 15 placed, in Form of large round Bubbles 1 e

o
%

rsc.
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f)}ﬂgﬁ”e of the Air only, is made evident by
*king off the faid Preflure (in the exhaufted
Receiver)

e

uﬁgés done by taking the Preflure of the Air off the
ang ® of the Water in the Jar under the Receiver ;
t o) that means the Spring of the Air having nothing
the x_Rter-act or confine it, will exert itfelfy and caufe

of o-\F to efcape out of the Bubble, and from all Parts

: 'Pot € Water, in very {mall Globules rifing up to the

Is ap‘,; whence, by theway, it will appear, that Water
by 4. 1Y porous Body, and all its Interftices poflefied
o Gir’ which is now expanded into vifible Volumes
Obules, and feen to make its Efcape.
T EXPERIMENT VIL
g g, he Seventh Experimentisbuta Part of the former,
ur HEWS, that upon letting the Air again into the Receiver,
?r%;: on the Surface of the Fater, and by that means com=
the the wholy Body of Water, and drives Part of it into
Wy, Vcuated Glafs-Bubble, which then becomes heavier than
]itt]:r’ and finks to the Boitom. As there is but very
We,p. ANr left in the Bubble, its Spring will be very
S, 30d fo will yield to the Force of the external Air
Wage‘ﬁng the Water, and therefore will give the
t ha\f Admittance till it becomes fo far comprefled as
thye . © 2 Spring equal to that of theoutward Air, or to
they Vhich was in the Bubble at firkk. ~Tts Denfity will
the Whe the fame alfo 3 and its Bulk, compared with
the 1 ole Bulk of the Bubble, will fhew what Part of
b ole Quantity of Air remained after Exhauftion.
& EXPERIMENT VIII.
Plage, he Eighth Experiment fbews, that the fame Bubble,
n, u::;ﬂ’ its Neck upon a hollow Glafs over a_ fmall Ba-
Qg’”’lti: °r the Receiver, upon exbaufiing the Air the fmall
ng r'y of Air in the Bubble will again expand itfelf,
“’hichlge out all the Water. The Preflure of the Aur,
taken efore kept the Water in the Bubble, being now
Buhhl:way’ the Spring of the Air in the Crown of the
Water gradually exerts itfelf, and at laft expels all the
thay 4 FI_’Om this Experiment it plainly appears,
Sayf, tﬁ Pring of the Air is equal to the Preflurc, be-
‘P.l'eﬂ'u € Spr ing drives out all the Water which the
¢ forced into the Bubble,
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Receiver) from a Bafon of Mercuty, W?ic};
then will not rife in the Pipe of the S‘yrmg11
0

EXPERIMENT IX. v
9. 'The Nint)h Experiment 75 the Expulfion of the Contt W
of an Egg through a fmall Hile in the little End by .
Spring of the Air contained in the great End of the E:i[]
While the Egg is new and good, there is always a fmth‘
Quantity of Air contained in the great End betweer
Shell and the Skin or Putamin, which, upon taking ]
the Preflure of the Air from the Hole, will expand 1f Z;,
and drive out the #hite and Yolb through the faid B
in the little End.
EXPERIMENT X. il
10. ‘The Tenth Experiment Shewsy that when [nglf il
Shell of the Egg thus emptied is taken affy the faid B”b.ﬂg
of dir will, upon Exhauftiony f5 expand itfelf by its 8P, i
as to raife up the Skin of the Bgg, and threw it f0 s
out as to make the Refemblance of the entire E 78, T 2
will happen only when the Egg is quite new ; fof o)
the Egg grows ftale, the Air will lofs its Spring byft i
grees, and the Ego will become putrid or addle. A
obferved by Naturalifts, that thisincluded Bubbleof ot
s abfolutely neceffary for the Produdion and Maturat o
of the Chick, which is effeéted by the Warmth and];w,
mentation occafioned by the conftant Tncubation of the
EXPERIMENT XI. i
11.The Eleventh Experiment i to fhew the great Q107
of Air contained in all folid Bodies. For when a P [ecejﬂ
Brafs, Tron, Stone, &, is put into the Water of 4 ; g
under the Receiver, and the Ajr drawn out, the S?‘;!gs,'
of the Air contained in the Pores of thofe folid B lgf
will, by expanding the Particles, caufe them to aprt #
on the Surface in numberlefs Globules, and exh! 5'0{
curious Spectacle to the Eye, like the pearly DroP
Dew on the Piles of Grafs 3 allwhich fuddenly difap?
by letting the Air in again.
EXPERIMENT XII. Cﬁf.é
12. T'he Twelfth Experiment Jhews, that'a Piece o 1
with a W eight addedto it, to mate it Juf? fink in the !,yﬂ W
will be raifed to the Top, or made to fwim, by exhanf? ”’f{ o
Air.  For the Bubbles of Air which are expanded Mg
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0 .
au drang up the Pifton, as it will in the
Pen Ajp,

: THE
‘hanoreg, and adhering to its Surface, render it lighter
7 ater, in which Cafe it muft neceflarily rife to the

P or fwim.

37 EXPERIMENT XHI.

g3,  0€ Thirteenth Experiment fbews, that Glafs-Images

thy ' “bles, which fink in Water, will, on exhaufling

Ufthefcﬂ‘ver, rife to the Top and fwim. For the Bodies

Wite Mages, &Fr. being hollow, are filled fo far with

Qa\,-itr 35 to make them juft fink ; and the reft of the

of thg be‘ng pofiefied of Air, this Air will, upon taking

driveo Teffure of the external Air, exert its Spring, and

ey, U the Water from the Images and Bubbles; they
o, ‘E;Ome lighter than the Water, and rife to the

e, B hen the Air is let in again, the Water re-enters
Odies, and they fink down again.

Y, EXPERIMENT XIV.

"'ar[y' he Fourtoenth Experiment fbews, that a Bladder

fm o “MPtied of Air, and funk with a Waeight to the Bot-

gbp ‘{;3 i ar of Water, will, upon Exb_azﬁian, rife to the
tte{]‘urfwfm. The Reafon of which is, that when the

ht’:littee?f the external Air is taken off, the Spring of
:ulfs fuumck’fed Air will dilate and expand the Bladder
é) ity B Bulk ; and then the Quantity of Water equal
lﬁdde ulk will be heavier than the Weight and
%Eordir: and fo will buoy them up to the Top,
8 to the Laws of Hydroflatics, which fee.

PR Th EXPERIMENT XV.
h!“rge wbe' Fifteenth Experiment raifes Beer or Ale ints
iy Dbeng 1€ Head or Froth 1o the Top of the Ffar. ‘This
: t Whenon account of the great Tenacity of the Fluid ;
le the i the Preflure of the Air is taken off, the Air
the Parti:;:]r €Xpands itfelf into large Globules, to which
iqem tao 8 of Beer adhering on every Side render
athe i “avy to rife from the Surface, and fly away
It Werg. The Bubbles of Air being thus raifed are,
five Q’ Conglutinated or ftuck together by the ad-
%‘Qfltiti:ahty of the Liquor ; and thus rife in great
"€ By 2. the upper Part being raifed and fuftained by
Panfion of that below., When the Air is let i;,
the
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PNEUMATICS.

THE SPRING of the Air is demon{h‘ab
by various Experiments: As, (1.) BY
g

¢
{h
el

: .o
the Air-Bubbles contra&, fubfide, and retire with!® t:;,
Pores of the Fluid. In the fame Manner Soap- a
Yeaft, & will rife in a Head.
EXPERIMENT XVI. p
16. T he Sixteenth Experiment s exhibiting t!?ePbﬁ'{”’%ﬂé
of Boiling Water in the exhaufted Receiver, To this el
the Water muft be as hot as the Finger can well iy
when put under the Receiver. Upon exhaufting cdi
Air-Bubbles will be feen to rife very foon, and at o
very fmall ; they foon appear bigger, and at laft o
large, and rife with fuch Rapidity, as greatly to ag! o
the Water, and caufeit to appear inall the Circumit® g
of Boiling ; which Agitation of the Water will CO“ﬂﬂﬂﬂ
till the Air be let in again, and then it will ceﬂre’.maf
all will be quiet and ftill as at firft, Some Peopl€ lgc:'
gine the Water grows hotter by boiling under the i
ceiver, as it does over the Fire; not confidering o
Woater boils only by the great Expanfion and Rat®y
tion of the Air it contains, from whatever Caufe 1;:{ e
ceeds, as from the Heat of Fire, from taking @
Preflure of the Atmofphere by the Air-Pump, e
EXPERIMENT XVIL- o ff
17. The Seventeenth Experiment fhews, that dfbr;,,dlf
Apple will be plump’d out, and made to look fails [ iff
the exhaufled Receiver. ‘The Reafon of which ! P]#s
Expanfion of the Air in the Subftance of the £74f |
when' the Preflure is taken off from its Surfac®? i
though fome Parts of the Skin be pervious to
cluded Air, (as appears by the little Streams rifii2 "¢
the Pores of the Apple placed in Water) )’chgrz’
greateft Part of the Surface is not, and will not 45
fore fuffer the Air to pafs out, but will yield al ﬂ;ﬂ)
pand to its utmoft Dimenfions, (and fometimés APPla
on which all the Wrinkles difappear, and the i
puts on a youthful Face, till the Air be.agal? Dccﬂf
when it inftantly returns to its former State of
and {hrivel’d Countenance. ¥
EXPERIMENT XVIIIL i

18. The Lighteenth Experiment exhibits i%); ':;Irﬂﬂ“

.
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Eljeat Expanfion of a fmall Quantity of
T In an emptied Bladder, when the Air

1s

gff?“*' ance of Air rifing from all Parts of a wvegetable

Wb, < Very copioufly through the Water in Vacus. For
the L the Preflure of the incumbent Air is taken off,

~pe Priﬂg of the Air contain’d in the Air-Veflels of
lan

to % willy by expanding the Particles, caufe them
fm, fe from the Orifices of all the Veflels, and that
rea ]°ng Time together, by which is thewn what a
gug‘{t} leantity of Air is contained in all vegetable
8ide ances ; and fince it is feen to come out of the
welso’f all over the Surface of a Piece of Stick, as-
Py 28 from its tranfverfe SeGtions, it is a convincing
T:f that the Texture of the Stems of Plants and
b Confift of Veffels in a longitudinal and alfo in an

2ontal Pofition.

X EXPERIMENT XIX.
i"je?}i- The Nineteenth Experiment Shews the Method of
ap. "¢ a vegetable Subffance with ,‘?_,mr_lﬁ[ver.. Thus if
knim% of Stick be cut even at each End w1th_ a Pen-
the 2. 20d immerfed in Mercury, upon pumping out
X from the Receiver it will at the fame Time
Eur; Qut of the Pores of the Wood through the MEI:-

% 23S will be vifible at each End. When the Air is

&nd? 3gain, it falls on the Surface of the Mercury,

Bl °TC€s it into the Pores of the Wood to poflefs the
We, Of Air,  When the Wood is taken out and
b(*.f() d,. it will be found feveral times heavier than
Bh)ern (& Will have changed its Colour, being now of
the E:fh ue all over ; and if {plit or cut tranfverfely,
ind%“ckﬁi\fﬂ will be feen glittering in all its Pores,
fough every Part. :
B .. EXPERIMENT XX.
’Elad{} The Twentieth Experiment is the breaking of a
b tiegr by the Weight of the dir. For if the Bladder
SXhagp. of one End of an open Receiver, as the Air is
the I 8 the Spring will be weakened, and give way to
the Blemfre of the Air on the Bladder, in which Cafe
£ nicil 9€r will put on a concave Figure, which will
s fPht‘ricalg and this will continue increafing,
L 1L M titl

“

16X




162

PNEuMATICS,

is taken off from the external Parts in the

Receiver. (2.) By the Extrufion of a ]Flilit
ou

till the Strength of the Bladder be overcome by e
Preflure, when it will breéak with a very great Repor
EXPERIMENT XXI, o
21. The Twenty-fir/t Experiment is the breakins i
Glafs-Bottle by the Preflure of the dir. For this Purp®”
the Bottle ought to be of a fquare Form, and not &
lindrical or globular ; it fhould alfo not be very tht 12
if fmall. Then the Bottle is {crew’d on to the H%Y
in the Plate of the Pump, and the Air drawn out; :
this means the Bottle fuftains the Preflure from without;
fo long as its Strength will permit; then the o

yield, and the Bottle is inftantly reduced into very fmaﬂ

Pieces.
EXPERIMENT XXII. i
22. The Twenty-[econd Experiment breaks a Battl 7
the Spring of the Air. For the Mouth of the Bottle f
ing fecurely fealed up, fo that no Air from withip &
efcape, it 1s put under the Receiver ; and as the lf‘”.‘ﬂ,
drawn off from its Surface, the Spring of the Alr.;]y
cluded will take place, and aé more and more for® 5

againft the Sides of the Glafs, which having noW Igac :

thing but its own Strength to defend it, as foon 25
is overcome the Parts give way, and the Glafs is i
in Pieces.

EXPERIMENT XXIII, . pl

23.' ‘The Twenty-third Experiment i5 to fhet, the it
Bladder being emptied of its Airy all to a very hittlhs ﬂ/jr‘
then fufpended in the Receiver, the little Portion 9 g
will expand isfelf in. fuch manner upon Exbanftiony tbﬂty
laft it will difiend and fill our the Bladder to it e
Bulk, and make it appear as one full-blown., The fie?
fon of which is apparent from what has been fo© o
repeated above ; as alfo, of its contracting agaifl
the Air is.let in,

EXPERIMENT XXIV.

24. The Twenty-fourth Experiment Shews, £
Syringe will defeend Jrom the fufpended Pifton in V2 ;
when the Hole at Bottom is flopped, and a fmoll ﬂ;c
added to overcome the Frigfin, 1If the Hole be 97

i
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PxeEumaTICS,

f a Glafs Bubble, by the Expanfion
the Bubble of Air contained therein.

(3) By

Teﬁﬁl:d%en Air, and the Pifton drawn up, it will be
Aj. ) By the Preflure of the incumbent Column of
Iliﬂ(’) but 7, Vacuo, where this Air is taken away, the
tingen May freely rife ; or, which is all one, the Sy-
Ugeq My defcend ; as it will, if a fmall Weight be
the 4.1 overcome the FriGion of the Pifton., When
Smn T Is let in again, it will be feen ‘to pufh up the
&€ upon the Pifton again.
2 EXPERIMENT XXV.
’;ﬁs !"n The Twenty-fifth Experiment jhews, that Water
el DSy and Quickfilver in the Barometer, by the
Ny, . o the Air only. For a Glafs Tube being fcrewed
the the above-mentioned Syringe, and immerfed in
Wi “rCury in the open Air, if the Piffon be then
E Uhe ug, it will attenuate the Air contained in the Glafs
¥ the

the 'S megpg leflen its Spring. The Preflure then of

611‘( o
of

:Puhextemal Air will raife fo much Mercury into the '

'l.lﬁlu?fe S its Weight added to that of the Spring of the
5‘ riUm%Air is an equipollent Force, and then an Equi-
T the ill enfue : But if the Mercury be placed un-
‘he“curexh?u{’ced Receiver, and the Pifton lifted up, na
S0 YWill then be feen to rife ; which plainly fhews
a"’ay‘ % viz. the Air’s Preflure is in that Cafe taken

3,36 EXPERIMENT XXVL
,f ing e Twenty-fixth Experiment fbews,  that the
if"'x by e dir has a Force equal to the Preffure of the
]ra Tubraffi‘lg the Quickfilver to the fame Height. For
th]als he; oPen at both Ends be cemented into a Glafs
]]Q exhaliy filled with Quickfilver, and placed under
t:"f’ted Ulteq Receiver, as the Air is gradually ex-
Qle Tut z‘)“ Will fee the Mercury rife from the Vial into
hel]lded irabo‘fe the Pump, by the Spring of the in-
of LAY t>hto the fame Height as it is in the Gage-Tube
ththe E}; € Preflure, and that during the whole Time
A Qua Auftion, And this will always happen, let
: Wity of Air in the Vial be ever fo fmall, or
2 what

L

Y giving it a greater Space to expand in, and -
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(3.) By the Expulfion of the White ﬂ‘?g
Yolk of an Egg through a {mall HOIe-t;,a

what it will; the Phznomenon depending not ”PO[‘
the Quantity, but the Strength of the Spring,
EXPERIMENT XXVIIL w
27. The Twenty-feventh Experiment fhews the i
thod of making an artificial Fountain in Vacuos ,J'-ub"‘
Air’s Preffure. For this Purpofe a very tall Glafs ! g
is hermetically clofed on the Top, and at Botto™ o
means of a Brafs Cap fcrewed on to a Stop-Cocks ‘i
that to the Plate of the Pump ; then, when all the e
is exhaufted, the Cock is turned, and taken 0% g4
Plate, and immerfed in Mercury or Water :
upon turning the Cock again, the Fluid by the
of the Air will be feen very beautifully to play "
the Tube in the Form of a Fountain.
EXPERIMENT XXVIII. fﬂ?
28. The Twenty-eighth Experiment fhews, "’I’,ﬂ”.af
Magnetic Virtue from the Stone, or a touched Ve il
Iron, affesis the Needle in Vacuo, in the fume M
as in open Air.
EXPERIMENT XXIX. “/{f’
29. The Twenty-ninth Experiment fhews, tbﬁ o ﬂpi‘
tratijon of Cohefion is the fame in Vacuo as

i
Pl'elT i

R
Air. For this Purpofe a large Glafs Tube, dl'?‘wﬂwifl}
into a very fine Capillary at Top, when filled ir’-[
Water will fuftain it to a certain Height in the AE A
the fame be placed under the Receiver, and &4
drawn out, the Water will remain fufpended a@;ﬂs '
fore ; which fhews it to be wholly owing to thé %
of Attraction.
EXPERIMENT XXX. Wi
30. The Thirtieth Experiment fhews, that E?"#’S
which equilibrate each other in_the dir, lfe thei? gl
brium in Vacuo. Thus if a Piece of Lead at ©” other’
of a fine Balance, and a Piece of Cork at th¢ of e
are in Bquilibrio in the Air, and thus placed uﬂ{tgd; fﬁ
Receiver, as foon as the Air begins to be exhd’ 4 ‘fu
foon the Equilibrium will begin to be etV s
at laft, when all the Air is taken away, the o I,e:’fé
defcend, and fhew itflf really heavier than ¢ g%
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th.e litle End, by the Expanfion of the
It contained in the great End; and alfo,

(4.) By

7y
h; Reafon of which is evident from Hydroftatic
‘l"oulsd; for both Bodies being weighed in Air, each
f“qu lofe the Weight of an equal Bulk of Air, con-
Leaé"?ﬂ}’ the Cork will lofe a greater Weight than the
3 n the Air; and therefore when the Air is taken
thany’ the Weight that is reftored to it being greater
PDnclewhat the Lead has retrieved, will caufe it to pre~
hep fate, or weigh down the Lead in Vacuo. And
thay, € We fee that a Pound of Feathers is really beavier
@ Pound of Lead, if weighed in the Air.
3. T EXPERIMENT XXXI. :
the i _hﬁ Thirty-fir/t Experiment fhews the Air to be
the AF(J’H?}z of Sounds. For if a Bell be fcrewed on to
”nderlr"P‘}”‘-P: it will ring in the Air, and be heard
the o~ thin Receiver : But when the Airis exhaufted,
o 2und is not heard, which plainly proves it to be
evifag‘ﬂted by means of the Air; and this is farther
hecaced _by letting the Air gi'ftdua}}y into the Receiver,
the g‘fe if, in the mean time, - you keep fhaking the Bell,
ﬁl]ed()"_nd will increafe in Proportion as the Glafs is
With Air,
3 EXPERIMENT XXXIL
A The Thirty-fecond Experiment fbews, that the
'I‘hu?. neceffary for the Exiftence of Fire and Flame.
brllinlf Charcoal thoroughly lighted, and a Candle
,exhau{{g: be placed under the Receiver, as the Air is
- Ang th:d the Coals will begin to decline and die away,
Candle will go out by Degrees,
33, 7y EXPERIMENT XXXIII.
I/"Pa; he Thirty-third Experiment fhews the Rife of
the . “nd Smoke to be owing to the Air ; becaufe when
‘\'ery llr 18 taken away, the Vapours, which at firfk rife
AS 1, I;e“tlfully from the wet Leathers of the Plate fo
be%m@ fcure the Receiver, begin to fall when the Air
firgy rofs greatly attenuated ; and the Smoke, which at
feenq . from the Candle extinét, now begins to de-
bee H; and when the Air is all exhaufted, the Receiver
©S quite clear, and free from all Appearance of

M 3 Smaoke
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(4) By raifing up the Skin of the Eggf
(after the Yolk is taken away, and one half
0

Smoke or Vapour. Hence, by the way, we fe¢ ;h]g
Reafon why, when the Air grows lighter, it lets a’
the Vapours, and the Weather becomes mitty, hat’
and wet or rainy.
EXPERIMENT XXXIV. A
34. The Thirty-fourth Experiment fhesws the Ekjﬁ%jd
of Gunpowder is owing to the dir. For if it be kind
in Vacuo, the Air, that fo fuddenly expands itfelf ¢
the Powder, and gives fuch a Shock to the com™ 0
Air, now finds none to encounter, and fo make |
{enfible Appe rance, otherwife than by the finking ™
the Mercury a little in the Gage by its Spring,
EXPERIMENT 'XXXV. 1
35. The Thirty-fifth Experiment Jrews bow He {,z
are produced by refracted Light, Thus if a Candle 4
held on one Side'of the Receiver, and the Eye P]a;e,
at fome Diftance on the other, as foon as the Aif o
gins to be exhaufted, and becomes attenuated an ¢ of
pleted with Vapours to a proper Degree, the Ligh*
the Candle will be refradted through that Mediuf?
Circles of various Colours, very much refembling th
feen about the Moon in a hazy Air at Night. *
EXPERIMENT XXXVI, s
36. The Thirty-fixth Experiment fhews how the L it
of an Animal are affested in Vacuo 5 in what Mﬂ”m’rﬂll
dies, and is rew.ved again.  For this Purpofe 2 ey
Bladder is tied to 3 Pipe, and fcrewed into a Boihis
which then reprefents the Lungs in the Thorax. T d
_Pipe is perforated quite through to the Bladder ?3,
1s the efore analogous. to the Trachea or Wind-P! in
"The Air confined in the Bottle about the Biadder ’souf
the fame Circumftances with that in the Breaft 3 ¢he
the Lungs. When this Apparatus is placed UnderAir
Receiver, one or two Exfuctions will attenuate the ing
in the Receiver and Bladder, upon which the SP%
of included Air in the Bottle wil] comprefs the Bla¢

#s that in the Thorax does the Lungs’;, and 2 fegs:ﬂ‘s}
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°f the Shell) by the Expanfion of the faid

Iclyded Bubble of Air, fo as almoft to fill
A the

geﬁ:'ns will caufe the Bladder to be comprefled to-
i er. The Lungs being thus comprefled, the Animal
t :nﬁblc of a prodigious Weight, the Circulation of
is Blood through the Lungs is ftopped, the Creature
over convulfed, and at laft expires in the greateft
ingomc‘s of 2 moft cruel Death,  When the Air is let
uagam, the Bladder gradually expands, as do the
thénﬁs of the Animal ; and if it has not lain too long,
Iy lood will again pafs through them, and the Ani-
Will recover its fufpended Life.
EXPERIMENT XXXVIL
ﬂbf? - The Thirty-feventh Experiment fhews Air to be
b -Utely neceffary to moft Sorts of Animals. ‘This we do
B)E ®Xhaufting the Air from a Cat, a Rat, a Moufe, a
fcr.d> &7¢. which foon die in the Manner above de-
tibed, 7t is not always, indeed, that Gentlemen can
Vlls fuffer their Curiofity to get the Afcendant {o far
£ °F their Humanity, as to defire fo fhocking a Spec-
mcle‘ The Ladies (greatly to their Honour) fhew
e Confideration, in generally voting againdt it.
EXPERIMENT XXXVIIL
_qbﬁ?' The Thirty-eighth Experiment fhews Air is not
WEC']”W}I neceffary to the Life of fome Animals : For it is
U known that pumping the Air fiom a Toad, an Eel,
.VIper, and all Sorts of Infects, feems not immedi-
tely to affect them. Indeed, the winged Infectscannot
fay’ Fl'lt they will crawland runaboutvery brifkly. ~Some
Qouldlﬂl- will die for want of Air; I confefs 1 never
ang g kill any. They appear greatly difturbed, fwoln,
the ickith at firft ; but Mr. Haw#e/by fays he has kept
lllnnel{'a Week in Facuo, and they recovered their firfk
as g 5 and were at the Week’s End as lively and alert
ofe which had been kept as long in the Air.
EXPERIMENT XXXIX.
dn:);g' The Thirty-ninth Experiment fhews o Winged
B al can Sy without Air. For this Purpofe a large

Atter-fly s a proper Subjed, for as foon as it is put
; M 4 “undex

167




PnEUuMATICS,

the Half-Shell. | (5.) Glafs Bubbles and
Images fill'd with Water, fo as to mak®
' e  the®

under the Glafs it will fly and flutter about, but wh,ﬁ_‘s?
the Air is taken away, nothing more of that kind %
feen, 'If a fine Silk be tied about one of the Horns 0{
this Animal, and it be thus fufpended in the Middle®
the Recejver, it will at firft fly towards every Side ¢
the Glafs, but when the Air is exhaufted, it cannot &’
out of the perpendicular Pofition into which it ]1
brought. by its Gravity, though it will be conftant!y
endeavouring to do it. '
s EXPERIMENT XL. ¢
40. The Fortieth Experiment is thay of Aduft or BH: -ﬂé
Air; this Air is brought into the Receiver through !
Fire; and if a Candle be put down into it, it inﬁaﬂt]{
goes out, and will do fo for many times together ; ° i
every time the Candle burns longer than before ; whi¢
feems to fhew, that this Air is fomewhat of the 17
Nature with that in Mines, commonly called Dar}”
and is, like that, purified again byifipes - '
‘ EXPERIMENT " XLI. '
41. The Forty-fir/t Experiment fhews that Aduft A 2
15 inftant Death to moft Sorts of Animals. Thus a SPar{
row put into this Air tumbles down with a kind or
Vertigo, is convulfed, and dies dire@ly ; much ﬂﬁi
the fame Manner as Men fall down dead in the cont?
minated Air of Mines, deep Wells, &,
% - EXPERIMENT XLII. e
42. The Foriy—ﬁcmdExperiment/};gw; that all Bﬂ‘.‘,‘i[
aig/cend equally Jwift in Vacuo. Thus a Guinea 5‘1‘
Feather let fall from the Top of a tall exhaufted Rer
cewver, come down to the Bottom in the fame times %
both together. But when let fall from thence in tﬂe
Air, the Feather will defcend much flower than *
Guinea, and with an oblique or indire& Motion.
EXPERIMENT XLIII. 5
43. The Forty-third Experiment fhewws all Ferm
tavion and Putrofaction depend on diy. Thus ApPI?

B . con . . ¥ ok

Pears, Plums, Cherries, &', which in the Aif ?GW
‘ ; : G
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;}?em_juﬁ fink in Water, will, upon ex-
‘a’uﬂlng the Air from the Surface, rife to
the

g?li" mellovy, putrid, and rotten, will, if kept in an
anu Cd_ Receiver, placed under Water, be preferved
B]%g Time untainted, appear frefh and in their native
ﬂalem' Thus Eggs alfo, which in the Air fm_m grow
: Qo’d Putrid, and addle, will in Vacuo retain their
Wh- hel.’,—,’ and be fit for ufe after a great while,
Potslcl} 15 the Reafon why many People keep them in
SO of utter, Lard, &¢. to preferve them from the Air,
EXPERIMENT XLIV.
-tfij j' The Forty-fourth Experiment fhews how neceffary
getqblsﬁ’" the Germination and Growth of Plants and Ve-
Yeng Iif- For if the fame Seed he planted in two diffe-
be . 9t of Earth at the fame Time, and one of them
,t“fe;pt'm an exhaufted Receiver, the Difference be-
ﬁQie L the Appearance and Growth of each will be fuf-
MMy fendible to any that fhall try the Experiment,
45 EXPERIMENT XLV.‘ : ;

ting™s The Forty-fifth Experiment fhews, that the W'ri-
The P”?ng with Phofphorus upon Paper, laid on the Plate of
R ?‘-'mj,’ will in Vacuo appear Juminsus, and not be
lugi 8%ithed like common Fire. It will alfo fend up
" Umes or Clouds to the Top of the Receiver,

46 EXPERIMENT XLVL .

Liuﬂ' I the Paper be wetted by Patches, on which the
Gy bave poen drawn with Phofphorus, inflead of
I“En{szt Will give Plafbes in Vacuo. For thefe Experi-
dark. With Phofphorus the Room fhould be made very

4. v, EXPERIMENT XLVIL
Jr“?ne Q) h_e For:y~ﬁvmib Experiment fhews, that upon
emical Mixtures a Sfirong Effervefecency, Ebullition,
(bug““fion will happen in Vacuo. Thus, if to an equal
g e nall) Quantity of Vitriol, Oil of Tartar per De-
Ml gL ] i
eaq > and Oll of Cloves, you put two or three ﬁm;_!l
Upeo _hofphorus, ‘the Mixture will take Fire in
Wate,. % Air, and is put out by the Addition of a little
ame'. t will not only thine, but boil up wto 2
acua, :
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PneEuMAaTICS,

the Top of the Veflel (6) 'Alfo *

Bladder filled with Air, and juft made{ ‘;
10

EXPERIMENT XLVIIL Vo
48. Melted Lead, and other Metals, [t to cool in "
cuo, Fave their Surfaces concave ; .whereas they are o o
vex in the open Aif, The Reafon of which is the
as of the Expanfion of Water when it congeals ﬂﬂ,
Ice. Thus Ice becomes fpecifically lighter thal_ " g
ter, and fwims in it ; as any folid Metal is fpec! o
lighter than when melted : ‘Thus a leaden Bullet _"”ﬂ,g
in melted Lead. What Agent Nature employs ** %
Affair of Congelation, is perhaps as yet unkno?
Mortals ; but whatever it be, ’tis certain that on® g
of its Operation is to fever the Particles, and fix thl_'ﬂp
at a greater Diftance from each other in the fixeds ¥
they are in the fluid State.
EXPERIMENT XLIX. o
49. The Chemical Procefs of Cryflallization wik 0
Jucceed in Vacuo. If Salts be mixed with Watéf
evaporated to a Pellicle, and then placed under 27 it
haufted Receiver, and fet in a cool Place as u e r,ﬁf"
will not fhoot into Cryftals, as in the open Alf =
2

dily will.
EXPERIMENT L. pi
5o, The Fiftieth Experiment fhews, that if 2 ok ol
of Wood be cemented in the lower Part of the INZf
the open Receiver, and Mercury be poured upon 5 Air
ter two or three Exhauftions the Preflure of t “
will be fo great on the Mercury, as to caufe it "4
fcend through the Pores of the Wood in For® wﬂﬂ
beautiful Shower; which will fhine (if it B¢
cleanfed and the Weather dry) in a dark Root™ Paf‘ﬁ
Air alfo will follow the Quickfilyer through 5
of the Wood, and caufe the Gage to fink.

51. To thefe Experiments of a Vacuum, 1 {hal};lo“
the following Particulars relating to the ConpENSS
of Air: As, (1.) That the Veflel ought t0 ° ¢ i
ftrong to bear the Force of the Air’s Spring




PnrumMaTICS,

fink with a Weight, will, upon Exhauﬂ)ion,
00n rife by the Expanfion of the contained
4 Air.

3 for which Reafon they are generally made of
(2.) If Glafs be ufed for a Condenfer, it will
J}:Ot indeed ‘fuffer fo great a Degree of Condenfation,
A€ the Experiment will be pleafanter, by viewing the
an}E& biaced in the condenfed Air. : (3-) The Spring
By © Air will be greater in Proportion to its Conden-
-i:tion, and therefore (4.) The Sound of the Bell will
{}? tWice or thrice as loud as in the common Air, if
*Air be made twice or thrice as denfe by Injection.
Co A round Vial will be broke by condenfed Air, that
(f;ll Not be broke by the Preffure of the common Air.
r] , - ough Animals foon die by not having the natu-
'killreq‘liﬁte Quantity of Air, yet they will not be eafily
t = y having that Quantity increafed by _Condenfa.-
jton'. (7.) If Air be condenfed upon Water in a Bottle,
n,‘m]l caufe it to fpout through the Tube of Commu-
-D;E lon tg 5 very great Height, vz, to 30 Feet, if
an ¥ one Atmofphere be injected ; to 60 F_eet, if two;
ofd %on, (8.) A Bladder, that will fuﬁalp the Spring
'den “Mmon Air, will be broke by the Sprm!g of con-
I fed Air, In fhort, the Force of condenfed Air
thay be {o far increafed, as to countervail or antagonife
{ ) Sfeateft Power  of Nature that we can apply.
n?u) Vater with Air condenfed upon it will conceive a
thh greater Degree of Heat than in the common Al.r,
(x e it wil] boil much fooner than in condenfed Air.
2) So great may the Degree of Heat acquired in
the,, this Way be, as to melt foft Solder; and
wit}ffOre Veflels fhould have their Parts put tEogethc_:r
'nehts.ard Solder, that are ufed about thefe Experi

Treafeq
Brﬂfs.

) ater

4% Fro

: m this vaft Power of confined and 'elz_xf’cic
.E%and team it js that we account for the prodlglou;
Tedy S0t P"ﬁin’s DicesTER in diffolving Bones an

ing '8 them toa Jelly, fo as to become a wholfome

AVoury Diet ich Purpofe they are put into

) ¥ Diet; for which Purp W
ietal]; : which is faft and
e Veflel, with a Coyer, hich i e
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Air. (7.) The Spring of the Air will fhe¥
itfelf alfo by raifing heavy Weights 12!
on a Bladder, half filled with Air, 188

proper ‘Veflel under the Receiver. (8)
Becr, Cyder, Water, and porous Bodi¢”
do emit great Quantities of Air under the
exhaufted Receiver. (9.) Fithes are mé

" fo light or buoyant by increafing the SP”“"
of the Air in their Bladders, upon E”e
hauftion, that they rife to the Top of !

Water, and cannot again defecend to ! :
Bottom. (10.) Shriveled Apples are m?‘

to look fair and fmooth by the Spring°

the contained Air filling out the \Vrmkle
(11.) The Spring of the Air in a fqﬂf‘l
Bottle, cemented clofe, will 1mmed13tez
burft it in Pieces, upon exhaufting the lﬂ’
cumbent Air. (12.) But that curious
periment which fhews the Force of 8
Spring of the Air to be equal to its ’Wclg

i,s

ef
ftrongly fcrewed down, and Air-tight, The Dig ﬂ[
nearly filled with Water and Bones is fet over 4 8% A
Fire, which by Degrees rarefies the Water into 5 Elmé
which with the included Air in a fhort Space of tU
alls upon the Bones with fo great an }_',uel“’}”
effeé their utter Diffolution, and caufe them t th’
and incorporate {o intimatel y with the Water, OrB 1!
as to make a perfe€ Coagulum or Jelly Whenfgnsz‘
cold, which may be then fliced out with 2
They who would fee more of the wonderful E#€ 001‘.
this Inftrument may confult the Author’s own
upon the Subject,




PNEuMATICS,

9 Preffure, is by raifing the Mercury, by
the Expanfion of a fmall Quantity of con-
Bed Ajr, to the fame Height in an ex~
Wfted Tube above the Pump, as that
Which it is raifed to in the Mercurial Gage

Y the Preffure of the Atmofphere be-
oW i,

The great A&ion of animal Life, wviz.
B‘T"Wbing by Infpiration and Expiration of
"y is owing to the Preffure and Spring of
Ce Air conjointly, as is evident by the
i.o”t?a&'zbn and Expanfion of a Bladder in a
Mall Receiver, with a Bladder tied on at
Otom to reprefent the Diaphragm. .
.HENCE the Neceflity of Air for Refpira=
“nand animal Life in moft Sorts of Crea-
reg, which die very foon in the exbaufted

€Ceiver : Though fome Animals will not
€ killed in this manner ; as Flies, Frogs,

%ads, fome fort of Fifbes, &ec. .
}. TAT Air pafling through the Fire, and
fted Brafs Tube, is unfit for animal
ogfpiration, is fhewn by the {fudden foath
t a0y Animal put into a Receiver filled

ffewith, Alfo’ Candles and living Coals,
Q‘;t into this aduft Air, immediately go.

% Hence the noxious and peftilential
rz.:;alities of Damps and fuffocating Exhala-
M % o frequent and fatally experienced in

Mes, and other fubterranean Places.
THAT

73

=
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PnrumarTics. :
THAT Air in its natural State is neceffaty
for Fire and Flame, is obvious from the ﬁﬂ!'
den Extinélion of a Candle, @ live Coal, &C
in the exbaufled Recesver. Alfo Gunpowded
fired therein will not take Flame, or be #4°
Plofive, but melt and die away.

THAT the different Velocities with whic®
heavy and light Bodies defcend in the Aify
is owing to the Air’s Refiftance only, is m#”
nifeft from the equal Velocity or Swiftnefs
with which all Bodies defcend in the #*
baufted Receiver, as is thewn in the Expﬁfi'
ment with a Guinea and a Fearber.

A1r is likewife neceflary for the Exift
ence and Propagation of Sounds; for 2
Bell placed under the Receiver, and rung’
will not be heard when the Air is drét‘?‘j’]'rl
out; but in condenfed Air, the Sound wil
be augmented in Proportion to the Co#”
denfation.

THAT Fermentation, Putrefastion, &
depend on the Air, and are promoted b‘Y
it, is thewn by preferving the Fruit in the"
natural Bloom and Perfe@tion through th
Winter in an exbaufted Glaf.

THE Ufe of the Diving-Bell depends O°
the Preffure ‘and Spring of the Air: F?r‘
fince the Space which Air takes up is 1€

procally as the Power comprefing it,
cvident




PNeuMATICS,

Ydent that at the Depth of 33 Feet of
Ater, where the Preflure of the Atmo-
7 is doubled, the Bell will be half
itled. with Water ; at the Depth of 66 Feet
o6 L be two Thirds filled ; at the Depth
299 Feet it will be three Fourths filled ;
;;d o on. Whence appears the Neceflity
haVing the Veflel in the Form of a
“;’ that the perpendicular Height of the
alfatt‘:r may be as little as poflible. Hence
\,EO We f{ee how neceflary it is to have a
Diry gentle Defcent of the Bell, that the
[Overs may have Time to admit the Air,
% Steatly condenfed, by proper Degrees,

B, I thould burft the fine Veflels of their.

Vo > and kill them : Together with fe-
tural Other Particulars relating, to the Na—-
Wh? aad Manner of ufing this Ma.chlne,
Qlc Will be more fully explained in the
€ below (xCI).

THE

the()éCII,) I. That the Reader may have a juft Idea of
hth “ana Uprinatoria or Divinc-BELL, accordil_‘lg
Wajy lategy Improvements by Dr. Halleyand Mr. Trie-
the fof Sf"fébalm, I have here exhibited two Figures of
Wag e, . The firft is that of Dr. Halley’s Form, which
h"gha‘ Fect wide at Top, 5 Feet at Bottom, and 8 Feet
Ugfgean Ccontained about 63 Cubic Feet, or near 8

P2 Ti's’ in its Concavity. -
ik e 'S Was coated with Lead, fo heavy that it would
Sttgp 73 and the Weight was diftributed about the
nIE, that it would go down in a perpendicular
Pofition

Plate
XXIX,.
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+ but clear Glafs D, to let in the Light from above; ot
- likewife a Cock, as at B, to let out the hot Air

PNEUMATICS:

THFE Spring of the Air is moft (—:Videfftly
concerned in that Chirurgical Opcratl:;d

= oﬂ’
Pofition and no other. In the Top was fixed 2 ftr i

th
#
had been breathed ; and below, at L M, was ﬁxedm:
circular Seat for the Divers to fit on ; and Taftly, Ifoz'
the Bottom was hung, by ‘three Ropes, a Stagfr'hgg
the Divers to ftand upon to do their Bufinefs. b
Machine was fufpended from the Maft of a Ship z/he
Sprit, which was fufficiently fecured by Stays 0
Maft-head, and was direQed by Braces to carry it o i
board clear of the Side of the Ship, and to bring*
again. : o
3. To fupply the Bell with Air under W aters o
Barrels, fuch as C, of about 63 Gallons each, ok
made and cafed with Lead, fo that they might ¢ it
empty; each having a Hole in its loweft Part to igif
the Water, as the Air in them is condenfed in i
Defcent, and to let it out again when they were ft]gﬁ'
up full from below. And toa Hole, in the Fop Oa ol
Barrels, was fixed a Hofe or hollow Pipe, well preb,
with Bees-Wax and Oil, which was long enOquj:h
fall below the Hole at the Bottom, being funk ot
a Weight appended, fo that the Air in the Tgwef
Part of the Barrels could not efcape, unlefs the .
Ends of thefe Pipes were firft lifted up. g
. 4. Thefe Air-Barrels were fitted with T'ackles [z;n'd
per to make them rife and fall alternately, like 38&_
Buckets in a Well ; in their Defcent, they were dite th?
by Lines faftened to the under Edge of the Bell too by,
Man ftanding on the Stage to receive them; the of
taking up the Ends of the Pipes above the Sul’f‘"er i
the Water in the Bell, gave Qccafion for the Wit int?
the Barrels to force all the Air in the upper Par® 165
the Bell, while it entered below, and filled the B2 g
And as foon as one was difcharged, by a Signal grgady
it was drawn up, and the other defcended, to b€
for Ufe.
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PNEUMATICS,

?ve call Cupping; for when a Facuum is
Dade by a Syringe 1n the Cupping-Glafs
applied

S- Asthe cold Air rufh’d into the Bell from the Bar-

Ugh the Cock B, at the Top of the Bell, which
&, then open’d for that Purpofe. By this Methed,
that .:S communicated fo quick and in fuch Plenty;
Wh he Do@or tells us, he himfelf was one of five
thcm‘aﬁ.‘rere together at the Bottom, in ninc or tcn.Fa-
Wigh $ Water, for above an Hour and an half at a Time,
) SR any Sort of ill Confequence ; and he might
thip, Ontinued there, as long as he pleafed, for any
6 that appeared to the contrary. :
geru;] 1l going down, ’tis neceflary it fhould be very
kee Vat firft, that the denfe Air may be infpired to
the ,Ps by its Spring, a Balance to the Preffure of
BQHA.”'m the Bell. Upon each 12 Feet Defcent, the
h?l 8 ftopp’d, and the Water that enters is driven out
thisettlng in three or four Barrels of frefh A_i;"r, By
the R fans, the Doctor fays, he could l(by taking off
(30 tage) lay the Bottom of the Sea, juft within the
Shoepafs of the Bell, fo far dry, as not to be over
th@reon.-
ied 'WhYthe Glafs above fo much Light was tranfmit-
by, o0 the Sun fhone, and the Sea was clear and
g that he could fee perfeétly well to write and read,
By ;. “ch more to take up any Thing under the Bell 5
Up Y the Return of the Air-Barrels, he could fend
Of .. UCTS, written with an Iron Pen; on fmall Pieces
to PI?:; dire&ing they were to be moved from Place

g e But in dark Weather, when the Sea was rough

ut tgoubled, it would be as dark as Night in the Bell 3
Iy - 1 the Do&or found he could keep a Candle burn-

i b
by the Bell; as long as he pleafed ; it being found-

s s ;
the perlm_cm, that one Candlé confumes much about

s : 5 -
7 Quantity of confined Air as one Man does,

v;}lo'i'{'a Gallen per Minlt,&te. 5, The

“low, it expell’d the hot Air (which was lighter) .
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PnruMATICS,

applied to any Part, the Spring of the Aif
in the Flefh under the Glafs does ftronglf

ack

g. The only Inconvenience the Doétor corn}:ﬂi““](i
of ‘was, that upon firft going down they felt 2 fﬂ'a’
Pain in their Ears, as if the End of a Quill were fors
cibly thruft into the Hole of the Ear. This may P;ef
cced from its being fome Time before the Air call 2
from the Mouth, through the fmall Canal of the E’fﬁr !
chian Tube, which leads to the inner Cavity of the E2iJ
where, when it comes, it makes an Equilibrium WIus
the outward Air, prefling on the Tympanum, and i g
the Pain, for a fhort T'ime, ceafes; then defceﬂd]%,
lower, the Pain of the Ears returns, and is again aba 'ré
and fo on till you come down to the Bottom, W
the Air is of the fame Denfity continually. it

10. One of thofe Divers (who thought to out’v';ﬂ‘
Dame Nature for once) puta Piece of chew’d Papc.rbly
his Ears, which as the Bell defcended, was fo fofcxw
prefled into his Ears, that it was with great Diiﬂﬁcu]l
the Surgeon could extractit. 'Thus a Bottle with oll-gi
common Air in it, and cork’d down tight, if it bend;
down to a confiderable Depth of Water, will be fou o
upon drawing it up again, to have had the Cork 1975
in by the Preflure of the Water at that Depth. G

11. This Bell was fo far improved by the D% g
that he could detach one of his Divers to the Diﬁ%sp
of 80 or 100 Yards from it, bya Contrivance of 2 a0”
or Head-picce, fomewhat like an inverted H? ot
Bafket, as at F, with a Glafs in the fore Pﬂft’ead§
him to fee his Way through. This Cap was Of,L e
and made to fit quite clofe about his Shoulders ; % 8
Top of itwas fix’d a flexible Pipe communicatifé “d,
the Bell, and by which he had Air when he Wanher“
by turning the Stop-Cock near his Head-piece. i e’
was alfo another Cock at the End in the Bel 10 £ .
vent any Accident happening from the Perfos .lﬂ
out, ic

12. This Perfon was always well clothed with tchjef‘
Flannels, which were warm’d upon him befor¢ ™ e




PxetMATICS:
a.&’ and by that Means caufes the Fleth to

ftend and {well into the Glafs, while the
Preflure

t
ti‘:t EBEH, and would not fuffer the cold Water to pene-
fery to hurt him, His Cap contain’d Air enough to
Bhoy, 0 2 Minute or two; then by raifing himfelf
P]en'e the Bell, and turning the Cock F, he could re-
big it with frefh Air. “This Pipe he coil'd round
to th-rm’ which ferved him as a Clue to find his Way
o Bell. again.
fro,ﬁ' ‘This Diving-Bell receiv’d its laft Improvement
B Martin Triewald, F. R. S. Captain of Me-=
It © and Military Architecture, to his Swedifh Ma-
Fi’u; the Manner and Form whereof is thewn in a
ayy, © Of his own drawing. A, B, is the Bell, which,
FharPPEars by the Scale of Feet under it, is much lefs
i Halley’s, and therefore will come cheaper, It
'Eﬂttnk with leaden Weights, D, D, appended at the
tinn ™ 5 the Subftance of the Bell is Copper, and
of 4 © Within all over ; and as in the Rivers and Coafts
lumie Balt;, Sea, the Water is very clear, fo he has il-
(}) fated the Bell with three ftrong convex Lenfes
N G, with Copper Lids H, H, H, to defend them,
ﬁand' The Tron Ring, or Plate E, ferves the Diver ta
f“ch Ypon when he is at Work ; and it is fafpended at
the . Diftance from the Bottom of the Bell, that when
Watew-er ftands upright, his Head is juft above the
high: I the Bell, and it is much better there than
Ypg, P in the Bell, becaufe the Air is colder, and
the q1Uently more frefh and fit for Refpiration near
the B:ﬁface of the Water, than towards the "Top of

i

"‘"hcﬁ' B“t when there is Occafion for the Diver to be
Dy P“yr In \the Bell, and his Head of Courfe in the up=
1""het{' Y Mr. Tricowald has confrived, thateven therey
A has breathed the hot Air as long as he well
Uog, tg Jneans of a fpiral Copper Tube 4, ¢, placed
Qﬁn]er the Infide of the Bell, he may then draw the
Which End frether Air from the lowermoft Parts; . t0
N 2 flexible Leather Tube, about two Feet

N 2 , long,

179
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PNEUMATICS,

Preffure of the Air on the Parts without 0
Glafs accelerates the Motion of the Blo°
and Fluids, towards the Part where it is 4
minifhed or taken off by the Glafs.

SINCE we know that Heas augments t_hc
repellent. Power in the Particles of a Flui®
and by that means increafes its Elafticity”
and thereby caufes it to expand itfelf int® !
large Space; and that Co/d has a quite co?”
trary Effe&t ; we learn the Ufe of the T HERE
MOMETER in indicating the various Degl’ o
of Heat and Cold in the Air, by the differﬁﬂ'L
Altitudes of* the Spirit of Wine in that iig
flrument (XCIII).

. 1A%

g {0
long, is fixed to the upper End of the Tube at by 5
the other End of which is a turned Tvory I\/Iouth'?]iqir
for the Diver to hold in his Mouth, to refpire theeof
from below by ; and this he may do in any Poftut
ftanding, fitting, bowing his Body, &e. 15

z 48 - . : he L
16. I muft not emit in this Place to mention t i

: - /i
vention of a Gentleman at Nez old

g12- Bufhel in Deudr
who contrived a large Cafe of firong Leather, to {tl)’
about half a Hogfhead of Air, and made it pergeﬂﬂd

W ater-tight, adapting toit proper Parts for his Legi:l'ﬂ,,

Arms, with a Glafs before ; {o that when he put he
felf into this Cafe, he could walk very eafily about 22 of
Bottom of the Sea, and go into the Cabin, an tS;
Parts of a Ship in 4 Wreck, and deliver out the 0 by
and this Method he praétifed forty Years, and t?
acquired a large Fortune, and equal Fame. 4 12

(XCIII) 1. A TurrMoMETER being defigh " ne
indicate the warious Degrees of Heat and Ca!ﬂ'_ T ol
glaftic or expanfive Power of Bodies of the Flui Gind
fo many Ways, Methods, and Forms of conﬁru"'ﬁ,ld
fuch an ufeful Inftrument have been thgught_z;entcé

i
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PxEumMAaTICS,

: i”“'ented at feveral Times for this Purpofe ; at firft A,

0 Ojl, then Spirits of Wine, and laftly, Quickfilver
e been every Way attempted and tortur’d in this

Xperiment, :
an;- The Spring of Air being fooner affeGted by Heat
3 Cold than that of any other Fluid, was firft thought
.Pon as the beft Expedient to anfwrer this End ; and fo
urea[]y would be, were it not that the Weight or Pref-

'€ of the Atmofphere affects it alfo at the fame time;;
Yeng by acting {ometimes with, fometimes againtt it,
the ers the Effet by Heat or Cold very uncertain, and

irﬁzfﬂre the Inftrument ufelefs. For Example : The

. 1n the Bottle A F will, by its Expanfion, when the
thalngrows warmer, raife the Water h_igher in the T}Jbe
;tw,lthe Point H, and if the Air be lighter at this time
i “:{ prefs lefs on the SL{rfac_e of the VVa_ter at H, and
: heav'll fuffer it to rife ftill higher. Butif the Air be

‘ttaler it will act againft the Spring, and not permit
fery l‘axfe the \Vnter‘fo high, The fame may be ob-
fOr:d with refpeét to its Contraction by Cold ; where-
wil] fuch an Inftrument for common or c_on{’cant tie,
oy not do at all, though perhaps none 1s better, cal-
] :‘t"d for fome extemporaneous Ufes, as meafuring the
i 8ree of Coldnefs in different Cellars, or of Warmth

ers Rooms upon the fame Floor.

4 t was upon this Account found neceffary to have
Pr ﬁ_‘lrfe to fome other Fluid, which, fecured from the
expalu“’- of the Airin a Tube hermetically feal’d, might
the 'd and contract folely by the Heat and Coldnefs of

i about it. And becaufe moft Fluids are fubject
{o neem or thicken in great Degrees of Cold, it was

Qoo 0nfider’d that Spirits of Wine, a little tinged with

inqz neal, would beft anfwer the Purpofe, and accord-

g Y. STmOmeters were generally made therewith,

4 Came of common Ufe. .

dy ‘:e;rhOUgh the Spirit of Wine Thermometers would

Yet th? well to thew the compara}tive Heat c_)F the Air,

“’ﬂnteds was far fhort of: the Vlr_tuofo’s \./ww_s, who

Bregg tho eXpl.orc the various and vaftly different pc—

il Heat in other Rodies, as boiling Water, boiling
. &f 6071?1;[:‘@51 Metals, and even Fire itfelfy and Degrecs

t00, beyond what the Spirit Thermometer cail

N 3 thew,

181
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PxeEumMAaTICS,

thew. For Spiritin a moderate Degree of Heat W{‘}
burft the Tube ; and in an intenfe Degree of Cold wil
freeze, as the French Philofophers found, who we?
to meafure a Degree upon the Surface of the Earth uf”
der the North Polar Circle, ;

5. It having been found by Experiment, that T
feed Oil required four times the Degree of Heat to ma®, -
it boil as Water did, it was quickly fubftituted infte?
of Spirits for Philofophic Ufes, This Sir Jfaar New!®"
always ufed, and by it difcovered the comparative D%

ree of Heat which makes Water boil, which mel®
Wax, which makes Spirit of Wine boil, and mels
Tin and Lead ; beyond which we do not find the Ols‘
Thermometer has been apply’d ; for which Reafon (af
alfo for its fullying the Tube) it has been lefs ufed
late, and given way to A

6. The MERCURIAL THERMOMETER, which ¥'°
fuftain any Degree of Heat or Cold, as far as any If"
ftrument of this Kind can be expeéted to do. M. Ff"‘
renbeit of Amflerdam, was the Contriver of this Thers
mometer, and though feveral Artificers made them
well as he, yet they fhill go by his Name, Dr. Boerhad®
ufed only this Thermometer, As the Mercury vcfg
freely and uniformly expands itfelf from hard Fro®*
the Heat of Summer, fo one Sort of thofe Thermo® "
ters arg contrived with a Scale, to include thofe E:;'
tremes only, and the Beginning of the Divifions, 0 cJ
is fixed'to that Altitude of the Quickfilver, as is obfer'”,
when Water juft begins to freeze, or Snow to th#% !
for which reafon that is call’d the Freezing Point in,
Scale. This Thermometer is fmall, fhort, put’
neat Frame, and carried in the Pocket any where-

T But the Grand Thermometer of FARENHEIT 4
graduated after a different Manner, as deftin’d tof
more critical and extenfive Ufe, In this the Bulbs .
Jarge Part at the Bottom, is not [pherical (as in Cogqp
mon ones) but ¢jlindrical, to the End, that the He
may penetrate and reach the inmoft Parts as foot! to
poflible, fo that the whole may expand uniformly ¢he
%ether. Hence it is, that in the cylindric BulPs the

luid will expand and rife immediately, whereas ‘".den"
{pherical Bulb, it is feen firft to fall (by the fu fon
L : e Expar
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PNEUMATICS.

f’xp&nﬁon of the Ball, before the Fluid is heated) and
1N to rife, by the Expanfion of the Fluid when heated.
£ 1e here given a Figure, both of Farenheit's Mercu-
‘ffl Thermometer, and alfo of Sir Ifaae Newton's made
th Linfeed Oil.
- 8. I take this of Sir Jfaac’s to be the beft fitted of
;‘nY for a Standard Weather Thermometer 5 and even for
iy Degree of Heat which the various States of the
Uman Body exhibit ; and alfo for thofe different De-
*es which Vegetation requires in the Green-Houfe,
10t-Bed, ¢5,, In all which Cafes, *tis neceflary there
uould be one common, unerring, and univerfal Mea-
'e, or Standard, which at all Times, and in every
ace, will fhew the fame Degree of Heat, by the fame
{hxpanﬁon of the Fluid, according to which the Scale
Ould be made in every Standard T'hermometer.
ye): In order to this, the Tube propofed fhould be
a:ngy Nicely weigh’d when empty, and then the Bulb,
; abouta tenth Part of the Length of the Tube above
> 15 0 be fill’d with Quickfilver ; then it is to be
“I8h°d 202in, and the Excefs of this, above the for-
e Wei:ht, will give the Weight of the Quickfilver
ourq Inb; this will give the Weight of 100dth Part,
®t 3 Mark be made with a File upon the Tube at the
Uface of the inclofed Quickfilver,
eagﬁ)- Then weigh out g or 10 Parcels of‘QgickﬁIver,
ET €qual to yoodth Part of that firft putin the T'ube,
oth aving pour’d the feveral Parcels in one after an-
Tuzr upon the inclofed Quickfilver, and marked the
hay € fucceffively at the Surface of each Parcel, yc:u’ll
if te the Tube divided into proper Interyals, which,
he ee Bore of the Tube be every where the fame, will
ang qual to each other; if not, they will be unequal ;
Othe fach of thefe Intervals is to be divided into 10
I rs, increafing or decreafing as the Intervals do,
i d'I" When this is done, the Capacity of the 'fube
an Vided into Thoufandth Parts of that of the Ball,
firgy Me contiguous Part of the Tube reaching up to the
ang 1, ark, The Tube is now to be put intoa F_ra.m%
in-toi)_’ the Side of it is to be placed a Scale, divided

houfandth Parts, exaliy correfponding t0 thofe
N on
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PnrumMmaTics,

on the Tube; and writing 1000 over-againft the firft
Mark, you write 1010 over-againft the fecond, 1029
againt the third, and {o on, as you fee in the Figure:

12. The Standard Thermometer-Tube, and it8
Scale, being thus conftruéed, is then to be Ali’d with
fome proper Fluid, as Linfeed Oil, where great Degree®
of Heat are not propofed; and Mercury is to be
ufed, when they are, When the Fluid is pour'd in, 1
is to be adjufted in fuch a Quantity, that it may ﬂ:a_ﬂd
juft at the principal Point, marked 1000, in Water %
Jreezing. And here great Precaution is to be ufed ; foF
many Trials muft determine this Point to which thé
Fluid muft always rife by flow Degrees, and with a®
uniform Motion, : 2

13. When this Point is well fecured, all theTroub®
is over, the Ball being then immerfed in boiling W atil
Spirits, Oils, melted Metals, &c. in Snow, Freezing Mix
tures, &c, the Expanfions, by all the various Degrces.
of Heat and Cold, will be thewn by the Number®
againft the Heights to which the Fluid rifes in th?
Tube in each Cafe, thefe are to be wrote on the Sf,?
of the Scale; and fince the fame Degree of Heat Wll;
caufe the fame Expanfion of the fame Fluid at &
Times, ’tis evident, if ‘Thermometers were every
where conftruted in this Manner, the Ohfervation®
made by them in any Part of the World, may be coft”
pared together, which cannot otherwife be don€h
whence this Part of Philofophy would receive its fin
Perfection. i

14. By one of thofe Standard Thermometers We:
made, many more might foen be confiruéted with an
expand ng Fluid, without the Trouble of graduatlﬂg
their T'ubes by equal Quantities of Quickfilver, ¢
having' fili’d the Balls, and 2 convenient Part of th
‘Tube, with the propofed Fluid, place them all togeth®
in a Veflel of cold Water ; and while it is warming #
gently as poffible, when the Qil in the Standard ‘Ther” ;
mometer fhall arrive fucceff; vely at the feveral Divifio?
of its Scale, at the fame Inftant of Time mark the 0¥
Tubes at the feveral Heights of their Fluids, and forﬂ;
2 Scale for every T'ube, that fhall correfpond to tho*
Marks, Then, while the Liquors fubfide by coolifB

: geﬂdf!
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5:1:1;\1/{’ €xamine whether they nicely agree at the feve-

the, ks * T'o determine the Freezing Point in all,

ginﬁ are to ftand together in the Water till it juft be-

thy o freeze: Or, having all the other Points duly,

po,.,-may be deduced very exactly by the Rule of Pro-
Eon‘

'.-;,:rs‘ A Thermometer that fhall vary very fenfibly by
Ay ¥ fmall Variation of Heat and Cold, as thofe of the
the Qri)here, muft have a large Ball in Proportion to
fog, . T€ of the Tube ; and that the Heat or Cold may
k, l@r Penetrate the innermoft Parts of the Liquor, the
g, 10uld not be fpherical, but oblong and flatted like
be b Flaf ; and the Lengths of the Tubes fhould
; teaggopqrrioncd to the Degrees of Heat they are in-
fae DO difcover. .
M. Sir Ifaac Newton graduated his Standard Ther-
0y ¢ (€ on bath Sides, as fhewn in the Figure. Thofe
Thofee Right Hand meafured the Heat of the Qil; as
the ;0 the Icft meafured the Bulk thereof : But fince
a th:tter’ as well as the {orrper, begins from_a Cypher
Warg Freezing Point, and is regularly continued up-
Wiy * by the common Divifions 10, 20, 30, 40, &, it
Hcateq_ua“y {erve both Purpofes; fince the Degree of
the 1l always be proportioned to the Expanfion of
Pointu k of the Fluid above or below the Freczing

I
ﬁian?'eBY this Divifion. therefore on the Left Hand, I
N”'Ut X,Prefs fome of the principal Articles of Sir ffaac
the Tf"S Scale of the various Degrees of Heat, as in
blet below,

)

Y
. Water juft freezing, and Snow juft thawing.
fo4 { The Heats of the Air in Winter.,

foe
98 { The Heats of the Airin Spring and Autumn.

1
'°;2 }The Heats of the Air in Summer,

zg The greateft Summer-Heat.

- The greatet Heat of the external Parts of
3 the Human Body,

R W?\terjuﬁ talerable to the Hand at Reft.

\ : 36% Water
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D. of Heat. .
26% Woater hardly tolerable to the Hand in Mot'aﬂ‘
43 Melted Wax juft growing ftiff and opake-
514 Melted Wax juft before it bubbles or boils®
54 Spirit of Wine juft begins to boil.

72 Water begins to boil,
75 Water hoils vehemently. It
86 A Mixture of -% of Lead, % of Tin, 38%°
Bifmuth, melts. et
103 A Mixture of equal Parts of Tin and Bifm®
melts.
122 A Mixture of 2 of T'in and % of Lead melt
154 The Heat which melts\ Tin. :
174 The Heat which melts Bifmuth,

206 The leaft Heat which melts Lead, i
* 290 The Heat with which burning Bodics' fbift®
a dark Night.
410 The Heat of a fmall Coal-Fire. ‘
450 The Heat of a {fmall Wood-Fire.
U
18. Dr. Hales confiders the Freezing Point 25 a:d

Boundary to' Vegetation, viz. on the Side of Cold ; ﬁid‘
the other Boundary he fixes to that Degree of Heat we,
which. Wax will begin to'melt, becaufe a greatef, %
gree of Heat will, inftead of colle¢ting and affimil? ol
the nutritive Particles, diffipate them, even thofe Wlﬂ'ﬂz
are moft vifcid and glutinous ; and therefore the P t
will rather fade than vegetate in fuch Degrees of He.ua]
19. This Space the Do&or divided into 100 eqfs’cf
Parts in his Thermometers : But his Numbérs EXPreer;I
in thofe of the Standard Thermometer, are for gy
Particulars mentioned by the Do&or as follows- Fit
Myrtle, 4% 5 Oranges, 6% Ficoides, 7% 5 Indial? v
8%; Ale, 105 Cereusy 113 Euplorbium, 12 _PW: i
1o, 135 Ananasy, 1435 Melon-Thiffle, 15%; Air ¥
the Glafs of o Hot-Bed, 17 the Hot-Bed itfelfy 25, it
the Hot-Bed exceed the Heat of 40 or thereabot® of
will fcorch the Plants ‘and kill them, The eﬂd of
Milk from the Cow is 28, that of Urine 29» o
Blood in a Fever nearly 40. {uch
" 20. As Farenbeit’s Thermometer is come into here
general Ufe, I have here placed it by the Standagia ke
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PnzumaTics.

thHE Moifture and Drynefs of the Air are
‘Wn by the HYGROMETER, which is
Made feveral Ways, but that with a Cord 1s
O_PE common and ufeful; for that by
finking with Moifture will turn an In-
X one way, and extending with Drynefs
turn it the contrary way, OVer the gra-

W[M

Yted Limb of a Circle (XCIV) (XCV).
Isuarn

bt
'th:me“’r » that the Divifions on each may be reduced to
of hothel"’s refpectively by bare Infpection, and the Ufe
the Oth be #i]] preferved.  If the Reader would fee all
di er! erent Sorts of Thermometers, or rather all the
fag; it Methods of graduating them, he may be fully
‘}US Sub}{f&.
lh:}i, To conclude this Head, it n}uf’c be obferved that
Ve, ight Hon. the Earl of Cavendi/h has very lately in-
dif}‘: 2 curious Conftruction of Thermaometers, of two
Ereer 1t Forms ; one contrived to fhew the greateft De-~
hap 2 Ht‘at, and the other the greateft Cold, that may
I pren in a Perfon’s Abfence at any Time. But this
tioy ement cannot be underftood fo well by Defcrip~
(323‘ ¥ viewing the Inftruments them{elves,
e (—IV) 1. An HYGROMETER, fometimes call’d
by WT]TIOMETER, is an Inftrument or Contrivance,
Vapu ich.WE can eftimate the Quantity of Moifture or
Yarjg IS in the Air ; or by which we can compare the
Din. > Degrees of its Humidity and Siccity =t different
2 tims' For this Purpofe different Subjelts have been
tISFaGeS eflay’d, but none as yet have been found fa-
Ror lafting.
QIQ(;B? hug Cotton, Spunge, &e. hung at the End of a
Mﬂiﬁ- dlance, in.an exaé& Equilibre, will by contracting
tb“hngfure from the Air become heavier, which will
hgﬁg Ofe be fhewn by its defcending ; and when the Air
"% drier, it qught to part with the Moifture and
become

o

d by confulting Dr. George Mariine’s Treatife on
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18 HALL finifh  this. Tecure Wil

e : ¢
giving you an Account of the Strué’f““(1
ap

become lighter ; but this it will not readily do, # ol
therefore of little Ufe. Salts have been Iikewife ®
this Way, but to no Purpofe. e
3. It would be endlefs to take notice of all the o
thods that have been attempted by Philo{ophersa"ﬂra
molt of them without Succefs. However, as fom¢ ¢
better than others, and will endure for a confidé™® ,
Time very well, I fhall here give an Account of o]t
which is the beft of any I have hitherto thought of: 1

is made of a String eitherof Hemp or Cat’s-Gut (# oy

the beft Sort are) and fhews the increafing Mﬂyi”ﬂ‘j-
the: Air by its Twifling and Shortening, and the D
nefs by Untwifting and Lengthening. e
4+ Thus let ABC be the lower Part of a tW! o
Line or Cord, hanging from the Height of the Jet
againft one Side thereof on the Wall or Wainfcots 00
there be defcribed a large Circle, graduated into i
equal Parts, fuch as K LM N ; in the Centre of et
is a Pin, with a fmall Pulley I B, carrying an Il;]d;l
OP. If now a Cord be put round the Pulley, 4 o
fmall Weight or Ball D be fufpended at the lower i
to keep it ftrait, then as the Cord gathers MO bt
from the Air, it will twift and become fhortef it
Confequence of which will be, that in contri{&lﬂjnf
will turn the Pulley I B, and this by its Index will Pwi]l
to the Numbers on the graduated “Circle, Which(}uﬂ'
fhew the Degree of Moifture or Drynefs by the
traction or Relaxation of the Cord. © . £o
~ 5. Again : If the Ball D hang over the Centf®’ jlye
another graduated Circle CFG H placed horiZ?"fa eV
carrying an Index E F upon its Divifions, it wil £he
the fame Thing by the twifting and unhtwifting ¢ pe
Cord B C, as in the Circle above ; fo that this maf i
looked upon as a Doudle Hygrometer, and fo fimP -yt
its Structure, that any Perfon may make it 5 ¢ m
it will anfwer very well for a confiderable Timeés llf

nd




i — - a—

i

i

T

‘)ﬂ.,
19

0

—

Vol.X. Plate XXX . 2. 084"

!
|
i
ml! -h"" e

—_— F
|
b A o i :,a:‘!
F 88T SV 5% § s
ey e — ‘i__T_T——f}-_.:{—-_.T-—. e ,_;-_"2
= g"_' '__g_ Tl g IS B :l%
o B 3 %‘ s 14
e s e
.J_-!..LLL.-_I_}_FLI.J_-.L_-LQ&Lu_i_l.ﬁ.iiLLﬂlfLuJJ_LE‘%iﬁiﬁﬁ‘ﬂ |
o e 1 ) R 3 D TP ||1:T'ﬁ-___-p';|
e T 0 DR __ji_ SR |
|

=X ol oo =S i ol

e | o Rt e

B Y Y S S A g

_—

L e




N

.

PNEUMATICS:

|
Olfld Ufe of the common Air-pUMP, and
Ong of a new Invention of my own.

e

f :
tﬁgg fatisfie by Experience: And I believe a bettcr
‘ 1s was never made.

y Ote, In the Conftru&ion of my Aerometrum Mag-
neror Tripple Weather-Glafs, T have a Bf,zrcmcz‘gr,:
the h’nometer, and Hygrometer all in one‘l:ra_me ; all of
Iy = Sort ; which makes a Piece of Furniturc equal-
(X | ang elegant.

liQM ) 1. There remains yet one more Pneuma-
g}, yenine to be defcribed, which has made confider-
hgﬁn oife in the Philofophic World, but hag’_ never

In-,re of any Ufe in Civil Life; I mean, the famous
Sortntlﬂﬂ of the A1r-Gun, of which ‘there are two
Zz'nts 3 one the Commsn Air-Gun, the other the ;ﬁlﬁ'aga*
ing{h”’-gu;z + Of both which I fhall give the follow-
B8t Account, J i

has' The Common A1R-GUN 1s made of .:3::?.!"5, and
Ry, two Barrels; the Infide Barred KA of 2 {mall
fhot

1t.

& ot dien s
R"‘Trc’l from which the Bullets are ; and a larger
by

Vtin CDR on the Outfide of : There is a
hichge SMNP fixed in thg Stock of the Gun, by
byy w tHE Air is injected intb the Cavity between the
By aels through the Valve EP. 'The Ball K is
Raln OWn into its Place in the fmall B:.'.l‘I'L:l w;trh the
""high ©r, as in another Gun. At T is another V ;—1]‘{&:,
the}- eing drawn open by the Trigger 0O, permits
Wity '''to come behind the Bullet, fo as to drive it out
3 8reat Foree,
Q}lalr Fthis Valve be open’d and fhut fuddenly, one
%3 & of condenfed Air may make fcveral Difcharges
b“gle '3 but if the whole Air be dii'-t;'rm.rg'ed on one
hifchﬁr‘f“C_t, it will drive it out more forcibly. = ‘Fhis
frg 8¢ is effe@ed by means of a Lock #1 placed
“Pulp, % ufual in other Guns ; for the Trigger being
that “:. the Cock 4 will go down, and drive 2 Lever g,
E“Ue a open the Valve, and let in the Air upon the

LK,
ek The
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. L A 4
The common or large Air-Pump 18 1“5‘1’1‘5s

fented where @2, @ a, are the two Pi
Barrd®

g o at
4. The Magazine A1r-Gun is the Invention th;g‘

ingenious Artift, whofe Name is L. Golbe. Byvid'
Contrivance ten Bullets are fo lodged in a awg
near the Place of Difcharge, that they may be dfafgjt
into the fhooting Barrel, and fucceflively fhot fo orth
as to be nearly of the fame Ufe as fo many fey ut
Guns. In the Figure you have a Seétion of the =
as big in every Part as the Gun itfelf ; apd fo “]dga
of the Length as is neceffary to form a compleat
of the Whole. g i
5. A E E is Part of the Stock ; G is the End @ he
Injection Syringe, with its Valve H opening in? e
Cavity between the Barrels, as before. K K ’Sffo!“
fmall Thooting Barrel, which receives the BullefS = qd
the Magazine E D, which is of a ferpentine For® e
clofed on the End D when the Bullets 4, &, &5 by o
lodged in it. .‘The circular Part s s4 M7 is the chfch
a Cock, having a cylindric Hole through it I K, VEGS 3
is cqual to the Bore of the fmall Barrel, and M
Part of it in the prefent'Situation. Paft"
6. When the Lock s taken off, the feveral ‘hich
Q, R, T, S, W, & come into View, by wfi!‘
means the Difcharge is made by puthing up the e
Pp, which raifes and opensa Valve V, tolet 1t gy
Air againft the Bullet I from the Cayity ¥y 27 408
which Valve is immediately fhut down again by e’
of a long Spring NN of Brafs. This Valve | ¢he
ing a conical Piece of Brafs, ground very tru® 'ncorf
Part which reccives it, will of itfelf be fufficient ®
fine the Air. Lot Bl
7. To make a Difcharge you pull the Trlggf fro®
which throws up the Seer y», and difengages ‘va‘?
the Notch x, upon which the ftrong Spring W w The
the Tumbler T, to which the Cock is fix'd: _jind
by its End # bears down the End v of the t“r: [arﬂef
Lever R, which by its other End m raifes at 27 "gn¢
time the flat End 7 of the horizontal Lever by
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Atels, in which the Piftons ¢c¢, ¢¢, move

4 Chaing faften’d to' each of them, and
to
by o,
w{dzhis Means, of Coutrfe, the Pin Pp is pufh’d up,
liy ftands upon it, and thus opens the Valve V, and
Vie‘:"gfeshthe Bullet, Thhis is all evident from a bare
ot Ot the Cut, '
nef{xn 0 bring in another Bullet to fucceed I inflanta«
by fy, there is a Part called the Hammer H, which
the Kquare Hole goes on upon the fame fquare End of
the . eiY of the Cock, and turns it about fo as to place
‘i‘lireﬂ ndric Bore of the Key LK in any Situation re-
B, % Thus when the Bullet is in  the Gun, the
the pet ftands as in the Figure, where the Bore of
"\r}lerl ¥ coincides with that of the Barrel KX ; but
quu the Bal] is difcharged, the Hammer H is inftantly
89t dowp to fhut the Pan of the Gun, by which
!'4’ o1 the Bore of the Key is turned into the Situation
fua; 935 to coincide now with the Oriﬁ(}e of the Ma-
ﬁe*t 3 and upon lifting. the Gl'm upright, the Lfall
;\“"0 f € Key tumbles into its Cavity, and falls behind
n

Mall Endsss, of two tender Springs, which like

fﬁen 8 Ends. detain it. ‘The Key in this Pofitien is
thp the Figure, Then opening the Hammer again
thy, ket i brought into its proper Place near the difi-
ipa%mg Valve, and the Bore of the Key makes again
‘h'g' I:f that of the Shooting Barrel.

18 §
the  of Charging and difcharging a Gun; and wers
pdeg:ce of condenfed Air as great as that of Gun-
F'f_ldo > fuch an Air-Gun would actually ‘anfwer the

iphe, 220y Guns, and prove the beft Defence againft
Qaufe &¥men or Robbers that People are aware of ; be-
h‘igh ®0 they have Reafon to fufpect them, they

t ] 25 z : = e rih

San ¢ hey make five or fix Difcharges before the Thief
lo, “IIE Within Piftol-fhot:

the o ' the Air-Gun, and in all other Cafes where

11t X :
O~ Will be requifite to have the Syringe of a fmall

¥ Y M 5 . —
<. not exceeding L an Inch in Diameter 3 be-
1 caufe,

0 :
§r&e . 18 required to be condenfed to a very great De-

108
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PneumaTiICs.:
to 4 Wheel moving on the Axlef; wh?I?
the Engine is put into Motion by e
Winch 44, gg, gg are two Pillars ,
Picces of Wood fupporting the Fram¢ g
the Pump-Wheel, which is ferew’d UP%
them by Nuts under the little Pieces f
Wood ¢, ee. The Tube or Pipe 'mark”
bhis called the Swan-Neck, made of B
By this the Air pafles from under the Be;
ceiver 00, through a fmall Hole Z iB ;
Middle of the Brafs Plate 777 on the _
of the Pump; to a Brafs Piece in the po*

d d, which being perforated Ic—:ngth—-‘f"ﬂys;
to the Middle Point under each Barrels oﬁ}
there, through a {mall Hole, by a Bl@d,ezr
Valve, tranfmit the Air from the RGCCIV;

into each Barrel to be pump’d out by P aﬂg

ing through the Hole in the dcfcf!ﬁd1
.ﬁ(}ﬂ'

P1

eff
caufe, as has been fhewn, the Preflure agai“ﬂ: c‘}ﬂf'b
Jyuare Inch is about 15 Jb. and againft every cir o
it is therefore about 12 /. If therefore the S)’_r”}"‘g}cdi
one Inch-in Diameter, when one Atmofphere is'mlﬂ:gﬂi
there will be a Refiftance of 12 /b. againit the Pt chet?
when 2, of 24 /b ; and when 10 are inject®® E
will be a Force of 120 /b, to overcome ; Wh pifto?
Atmofpheres at againft the circular Half Inch ‘bufs
(whofe Arca is but 4 Part fo big) with 2 FOrCC il
3 P_nrt fo great, wiz. 30 lb. 3 or 40 Atmorpha‘?th e
be injected with fuch a Syringe, as well as 10 wvill ¥
other. In a Word, the Facility of working Efﬂms“
(cateris paribus) inverfely as the Squares gf i3k
turs of the Syringe.
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PNEUMATICS.
biﬁ@n. Thefe Holes in the Piltons and

Sottoms of the Barrels are cover’d with
alves, to prevent the Return of the Air in-
to the Receiver. ///is the Mercurial Gage,
% common Barometer, immerfed in a Ba-
‘on of Mercury m m fix’d in the Bottom of
: e Frame, and at Top communicates with
& Receiver, which therefore fhews how
;muCh the Receiver is exhaufted by the Rif-

Mg of the Mercury in the Tube, by a
Staduated Scale affixed thereto. * The Stop-

fack 4 n, allo, communicates with the Re-
'Qﬁlvffl', and coni muently with the Swan-
eck and Mercurial Tube : Its Ulfe is, by
Mnine the Cock, to.re-admit the-Air,
Whep there is Occafion.  The Receiver 1s
8toungd true on the Bottom, and is fixed
2 the Pump at firft by means of wetted
fathers to-exclude the Air, inftead of Ce-
et formerly ufed for that Purpofe.

UT with how much more Conveniency;
ing lefs Expence, Pneumatical Experi-
aellvlts of all Kinds may be perform’d, by

ew, FElegant, and Po *’z‘ﬂé[d Air-Pump,

“Cll f Tave lately contrived and made,

Ml 1y eafy to apouum-d from a bare View

the Figure thereof: In which AB is

the Head or Part contain mg the Wheel,

4

ich “1te‘*rﬂﬂ‘F'y railes and depre{'"es the
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Piftons CD in the Barrels EF, which ar®
' ftrongly prefs’d down by the faid Part A}?’
fupported on the two Pillars GH, ﬁ"d
into the Bed or Bottom of the Machi®®
IK L. On this Bottom ftands the lhzc:ei"e_r
MN on a large fmooth Brafs Plate, int

Middle whereof is a Hole, by which thi
Air paffes out of the Receiver into a fﬂ‘a,]
Tube on the under Part of the Fra®¥
and goes to the Piece O, which commut”
cates with the perforated Brafs Piece _Oﬂ
which the Barrel ftands, and from wh
they rcceive the Air to be exhaufted. ™
the middle Part of this Brafs Piece is 1

Perforation, over which is placed a fma;f'

Receiver P Q_, and under it a Bafon
Mercury R, in which a fmall Tube R’d
(hermetically fealed at one End, and y
with Quickfilver) is inverted; and the!
fore as the fmall Receiver P Q_is exhauﬁﬁﬂ;
(at the fame time with the large one

the Approach of the Pacuum will be {he‘”e
by the Defeent of the Quickfilver in the T .
RS. By the Stop-cock T the Air is ﬂgabc
let into the Receiver. 1 take this ¥ g
the leff Improvement this Machine is cap? Iy
of, as to its Form; for it confifts O o
fuch Parts as are effential, And thus ¢ o

ftructed, it may, together with 8, "
ceive

1 Ve B o 1
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Civers, he contain’d in a Box of a fmall
12e, and comes to but a fmall Price in
comparifon of the other Forms (XCVI).

A XCVI) 1.1 hall conclude this Subject with a few
thigies relating to the Rarefaction of the Air in the
b SCipient in working the Machine; for the Reader muik
'Pot fuppofe that all the Air can be exhaufted, if the
Mp be ever fo good, or worked ever fo long. 'The
e alon is evident when we confider, that the Air which
y;}:'.xhauﬁed is only puthed out by the Spring of that
W Ich remains behind : If therefore every Particle were
.W.ppofed to be exhaufted, the laft would be expellid
Out an Agent, or there would be an Effe& without
Afe, which is abfurd.
th:' Let the Capacity of any Receiver be to that of
A; Barre] as C to 1. Alfo let the Rarefaétion of the
&fr Which remains in the Receiver be to the common
i‘ulr_as R to 1, after any Number of Turns or I',x'-
w.&lons N. Then, upon raifing the Pifton, the Air
i tufh into the Barrel, and fo will now be rarefied in

th'eR‘cltio of Cto C+4 1, 0r of 1to ¢ j: I; and fince

th. - :
,tj;s s the Ratio of the Rarefaltion by every Exfuction,
@] & ent it will be the common Ratio of a Geometri-
Cries of Rarefactions produced by the feveral Turns
of (G L e TR i
the Winch, wiz, The Series 1 ——-%—- -—t*
:Q\‘r-f 3

C

ra e G '_*"'_T_'_?N
tl\\e\ : C—g——] , e to 9—-—(—':-—1- = laft Term of
eSel‘ies, which therefore as it exprefles the laft Rare-
fy N
ﬁlon’ will be equal to R, that is, R = é“ Ties

3 Hence from the known Property of Logarithms we

by e
“LR=N x L. Sé_'.{:N XL.C41—L.Cj

Whenge, L.R

— - =N, herefore if C =1
L.C—{—I-—-—L, G ‘W herefore i 3

Q 2 that
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that is, if the Capacity of the Receiver be Cqﬂﬂ
L.R "cut
_ Toos ol
fequently, if R exprefs any Degree of Rarity prop? eof’
as I, 2y 35 4y §, 6y &c. we have N the Numbe
Turis or Exfuctions to effect it, ke 4
4. And from hence the following Table -is cﬂqu
ftruéted ; in which the firft Column expreffes the Rﬂ_rl.') :
of the Air in the Receiver, and the fecond the Nwi®
of Turns to produce it.

to that of the Barrel, we fhall have N =

Nunber of Numbel 4/

Rarity, N;f:f::cf Rarity. | g ¢ | Rarity. | “qypnt
T o. 6o | 5,907 | goo | 9’355
2 I 64 | 6. 1000 | 959
3 1,585 70 6,129 | 1024 | 19" 6
4 2 80 | 6,322 | 2000 | 1059
5 | 2322 9o | 6,402 | 2048 | 1
6 2,585 | 100 6,044 | 3000 II"565
7 2,807 | 128 | 7. 4000 | 1179
8 | 3 200 | 7,044 | 4096 | 32 g
9 2704 sl 8. 5000 | 1277
10 3,322 | 300 8,229 | 6ooo 121573
16 =l 300 | 8,644 | yo00 | 1%l4G
20 4,322 | 500 | 8,966 | 8ooo | 129
30 | 4907 | 512 | o 8192 | 13 46
32 i 600 | 0,229 | 9ooo 13’¢38
40 5,322 | 700 | 9,451 |roooo | 13T
50 | 5,644 18oo | g,644 (16384 | TA-

T qt if 20
5. From this Table we may obferve, that ::tficgi
Numbers in the firft Column be taken in Gcofn{ccop

- Progreflion, the correfponding Numbers of the 25 4

will be. in Arithmetical Progreflion. Thus agaill 4 G0
8, 16in the firft, you fee 1, 2, 3, 4 in the fect o
Iumn. Js i

6. When the Capacity of the Receiver 6XC€ " 0"
of the Barrel, then the Number of Turns efofe
duce a given Rarefaltion R will be greater than‘, i) :
Therefore if the Number of Turns in this P& cafﬁf

N f— o SR Y

e

e BBt Sy e el i R Uy e iy



PNEUMATICS.

|

b;fe, Wwhich. let us call z, be multiplied by fpme Num-

"‘Pfeg, 1t will produce a Number of Turns N that thall
the RarcfaGtion R in any Receiver propofed. Now

ﬁn L X IJ-R
e 2B wcﬂmllhaverz)(m:mL =

—

s 87
i LR
; whence we have m =
II"C-I-i—-LC
| SN
+1—L.C

V;];! From hencea Table of Multipliers expreffing the

ortie‘of m, when the Receiver is in any given Pro-

Of N larger than the Barrel, 1s eafy to be conftructed..
ich the following is a Specimen,

,,ch:tJ’ Capacity 1 ICapa;i{y e

Cgi,ve; Mi;ltz':piier. of Re- Multiplier., of Re- Mudiiplier.
¢ CELTEY . CEXTET

\“'--.
\ 1. ‘ 20 | 14,207 | 300 208,208
A 730 |30 | 21,139 400 |277,605
3 2,409 | 40 28,071 500 {346,920
¢ 3,100 | 50 | 35003 $00 {416,235
8| 3802 | b0 | 41,03¢ | OO 485,549
e 48,866 | 800 554,864
B0 501 | 8o | sg98 | 900 624,179

5,885 | go | 62,729 | #000 [693:494

Ig 6,579 | 100 | 69,001

| 7,273 | 200 138,976

8 !
tagy B means of ¢hefe two Tables, thofe who know
ey § of Algebra may find how many Turns are ne-~

egrg ' rarify the Air in the Receiver to any given
thag OE’ When the Ratio of the Receiver’s Capacity to
Reﬁei' the Barrel, is known, For Example ; Let the
e uirVer be 10 tines as big as the Barrel, and let it be
Tarig ® to find how many Turns of the Winch will
"\*illy the Air 100 times. Firft feck the Number that
Whicho it when the Receiver is equal to the Barrel 5
Pﬂrts I find by the firft Table is 6 Turns, and 644

of 1005 of another. ‘Them, againft 1o in the

0 3 fecond

1O
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fecond Table, I find the Multiplier 7,243, by Whlch
if I multiply 6,644, I fhall have a Product 48:3%
which will exprefs the Number of T'urns required- 1t
9. The Afcent of the Quickfilver in the Gage of t i
Common Pump is proportional to the Quantity of *
drawn out, either upon the Whole, or upon any imghg
Turn of the Winch: And the Deficiency frOm_t
Standard Altitude of 29 + Inches is always propcf“ona;
to the Quantity of Air remaining in the Receiver p
may be eafily deduced from what has been faid ©
Denfity, Spring, and Preffure of the Air. o
10. The Gage of a Condenfer will have the Spaﬂu -
unpoflefs’d of Quickfilver at the End decreafing in 4%y
monical Profortion: For fince equal Quantities Qf "
are injected by the Syringe at each Stroke of the Plﬁom
the Quantity of Air in the Condenfer will ianca{eﬂd
Arithmetical Progreffion, and fo will its Denfitys gge,
of courfe the Denfity of that in the End of the Glﬂl ;-
becaufe the Quickfilver is preffed on each Side eq¥? 345
but the Spaces diminifh as the Denfities increafe, # e
have elfewhere thewn. ‘Therefore the Spaces art aﬂd
werfely asa Series of Terms in Arithmetical Progre fio s
confequently are' in Mufical Proportion ; for that thargﬁ
ﬂ\f_’roperty of Mufical Terms will be fhewn in A1

bat 24 %

:

-
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