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o sare uf AH mnﬂ' aof Preffurves.  The invention of the Center

F "Pffd IPM rﬁducr:d to the Problem of finding the Center

¢ now to derermine thc quantity of that Preffure whick
. furf'ace fuftains that 15 expos’d to the Gravitation of 2
%ﬁ?ﬂf be ddne mdu,a] ! beginning with thofe' Cafes
mp ter‘wai proceeding to thofe which
aﬂd difficu ‘. Lel: a Veflel AECD ( F;ﬂr. 1.) be pro-
ny E Tuid, fuppofe Water, let 4B be the upper furface of the
he Bot hbfp?lé Vellel ; the preflure upon any part of that
GH v u uivalent to the weight of a Column of Water
the part GH for its bafe and G/ or HK the depth under
itude. \is feems to be felf evident and may beft be prov’d
aﬁ)ﬁ contrary {uppofition; for if it be faid that GH
that of the Column GHIK, the excefs muft

] 'b n:mg Columns 4CGL and KHDB, now for thelike reafon
id ¢ fuftains a greater weight than that of the Column
“than that o?t}w Column KHDB ; bur if this were
p'ar!:s E'G';GHand HD thEth&r, of thar whole plane CD
:ﬁr :han. that ,of the Columns together, or the wholc
s f;f it namely ACDB, which is abfurd. The like abfur-
v if it be faid that GH fultains a lefler preffure than the
; qjiin GHIK, the Wr:ight of that Column then, which is
%Dn it 15 exadtly equivalent to the preflure
s _'"_i’hﬁ"ls the Quantity. of pre(}l'ule upon the' Plane Gf
been. defcubd If the Figure of the Veflel be
ure will @ill be the fame if the perpendicular
-|.. G‘H from the upper furface of the Water contain’d in
¢ ever Figure it be, remain unalter’d. Thus (in Fig. 2. 3.)
"ﬁﬂw"eﬁ'el of ‘any irregular Figure, L4 be the upper furface
and the tmdlcular iftance of GH below LA namely GI
| ‘as 'before ; “the preffure ‘'of the Veflelled Woater
upo! ‘tﬂ ‘Bottom GH will be equal to the fame” weight of
Hi Eas beﬂm:, though the Vcﬂ'ell‘d Water LGHM be mmh
LR 2 A lefs
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tefs than that Column as in (Fig. 2.) or much greater as in (Fig. 2.)T
prefful'e is not to be eftimated E}r the quantity Ef ‘Watep h“(Fb}g, 125; A ls
tude. For if the quantity of Water LGHA4 (Fig. 2.) be a thoufind
times lefs than JGHK as we may eafily fuppofe it to be, and the th’ni;' :
of Water LGHAM (Fig, 3.) be a thoufand times greater -than the fame
IGHK, then the quantity of this latter will be a million of times greater
than the former, neverthelefs both will equally prefs upon their bottoms
G H, namely with a force equivalent to the weight of the perpendicular Co="
lumn GHIK, which may defervedly be accounted a aragox in Hydrofta-
ticks; but may thus (among other ways) be rendcr’g intelligible. Lerus
conceive cach of thofe Veflels plac’d in alarger 4BCD, the preflure upon
GH will be the fame whether we fuppofe rﬁ]ﬂ Water LNGHOM to be
contain’d in its proper Vellel LNGHOAM or imagining that Veflel to be
away, we fuppofe its place to be fupplyed by the ambient Wat
ACGNL and HOMBD : for any parcel of Warer may be conceiv
to be kept in by the reft of the Water, which every way furrounds
it as in a Veflel, fuppoling all at reft; now in this lacter Cale where'
we make the ambient Water ACGNZL and HOMBD to be a Veilel
to the Water LNGHOAM the preflure upon GH is equivalent to the weight
of the Column GHIK as has been aﬁ'ead)r made out, therefore in the
former where the Water LNGHOM was contain’d in its proper Veflel,
the preffure upon GH will be alfo equivalent to the weight of the fame
Column GHIK. By the fame way of reafoning we may conclude that the
Water contain’d in any other more irregular Veflel as LNGHOAM (Fige
4.) preffes upon the bottom with a force equivalent to the weighe of the
Column of Water GHIK, having the faid bottom for its Bafis, & GI ot
HK the perpendicular diftance of the Phins GH and LA/ for its Altitude,
If the Plane GH be oblique to the Horizon as in (Fig. 5.) The preffure
upon GH from the Water of the Vellel LNGHOM, or from that of the
Vellel EGHF, or from that of the larger Veflel 4CDB will ftill be the
fame, if the upper Surfaces LA, EF and 4B be in the fame Plane or at the
fime Alticude above GH. The Alutude is every where the meafure of
Preffure whatever be the quantity of the Fluid, or however the containing
Veflel be figur'd. ;
I fhould now proceed’ to eftimate the preflure upon Planes which
are either perpendicular or oblique to the Horizon, but becaufe the fe=
veral indefinitely fmall Parts of which fuch Planes are compoled are acted
upon with different forces accordingly as the E:rticles of Water, by
which they are immediately touch’d, happen to be at different depths
and fince the total preflure is made up of all thefe different forces taken
together, we nught before we go any further to confider what will be
the preffure which each of thefe indefmitely fmall Parts fuftains. Firft the
we are to confider that every {mall particle of Water which is at reft
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prefs'd upon equally on all fides by the orher particles which furround ir,
otherwife it would yield to the ftronger force till it were equally prefs’d
every where, and as 1t is equally prefs’d on all fides {o does it every way
by realtion rqualH' prefs whar ever is contiguous to it according to all
poflible contrary directions, for fhould it prefs lefs than it were prefs'd ic
muft neceffarily yield to the force which is fuppos’d greater then its
‘own, and fhould it prefs more than it were prefs’d, its force would ne-
ceffarily remove its weaker Antagonift. Therefore fince all things are
fuppos'd to be at reft, we cannot any ways imagin this inequality of
Em ure to take place. Now it has been prov’d before that the preffure
m above is equivalent to the weight of the incumbent Column of
Water, therefore the preffure from any other part or according to any other
ireGtion 1s alfo equalptu the weight of the fame incumbent Column, and
nce action and readtion are equal, the particle it felf muft prefs accord-
ing to all manner of directions, with the fame force which is equivalent
to the weight of the incumbent Column. *Tis evident then that Fluids
as the prer according to all fpﬂ{'ﬁb!e direétions, fo are the prt:f'fures equal
according to all directions, it the Point of conta in which the preflure
is madc%:e at equal depths. This being allow’d we may proceed to what
remains. Suppofing then that ACDB (Fig. 6.) is a Cubical Veffel in
which the Water reaches to the top, fo that its upper Surface be repre-
fented by 4B, let it be requir'd to determin the preffure which one of 1its
fides AC does fuftsin from the included Water. This fide AC though
reprefented here by a Line, to avoid confufion in the Scheme, is fup os'd
to be a Square. “The meafure of the preflure upon every Point of that
Square (or as it is here reprefented of that Line 4C) is the Altitude of the
 Water above that Point; thus the preflure upon L is meafur’d by AL, the
preffure upon A by 4a4, the preffure upon N by AN, and the prefure
upon Cby AC, and the fame mai{ be faid for any other Points of the Line
AC, therefore the preflure upon the whole Line or upon all the Points of it
‘will be meafur’d by the Sum of fo many of thofe Altitudes AL, AM, AN,
_AC, as there are Points in the Line 4C. Now that Sum may be thus elbima-
ted by drawing the Perpendicular LO equal to AL from the Point L, the Per-
pendicular 2P equal to 1A from the Point A7, the Perpendicular VO equal
‘to N.A from the Point V;, and the Perpendicular CD equal to CA from
the Point C. Now ’tis evident the Sumof AL, AM, AN, AC multbe
equal to the Sum of LO, 47P, NO, CD, and if from every intermediate
Point between 4 and L, L and M, M and N, N and C Perpendiculars
" be conceiv’d to be drawn after the fame method, the Sumof all thofe Per-
pendiculars will be the meafure of the total preffure upon the Line AC.
"Butthe Sum of all thofe Perpendiculars is equal to the Area of the Trian-
gle ACD, therefore the Area of the Triangle ACD is the meafure of the
preffure upon the Line 4C. Now as the Line ACreprelents a Square ﬁﬁ
A =z will
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will the Triangle .ACD reprefent a Prifm having the faid Triangle for its
Bafe and the fide of the Square for its Altitude. The weight of that Prifm
of Water is therefore equivalent to the preflure made againft the Square
or fide of the Cube. That Prifm 1s equal to half the whole Cube as we
learn from Euclid’s Elements, therefore the preflure againft the Square is |
equivalent to half the weight of the whole Water contain’d in the Vellel. |
There are 4 fuch fides ot a Cube befides the Top and Bortom, and each
of thofe 4 fides for the fame reafon doth fuftain the fame prcfme, theré-f
fore altogether do fuftain 4 times half the weight, that 1s twice the
whole weight of the Water. And the Bottom by what has been prov’d
above does it felf fuftain a preflure equal to the whole weight of the
Water ; therefore the Bottom and Sides together of a Cubical Veflel fill'd
with Water do fuftain a preflure from the Water equal to thrice the
weight of it. I have endeavour'd to make the thing as eafi; as I believe
the nature of it will permit. However fince that part of this deduction
where I told You the Triangle A4CD did at the fame time reprefent the
Prifm when the Line A4C reprelented the Square, might be pmﬁps a lictle
obfcure I will endeavour to clear up this matter fomething furcher. Let
then ACFE (Fig. 7.) reprefent the Square Side of the Veflel, and CDGF
reprefent the Square Bottom of the fame. It was prov’d before that the
preflure cxercisa upon the Line .4C was meafur’d by the Triangle 4CD,
by the fame way of reafoning it may be prov’d that the preflure upon
the Line EF is meafur'd by the Triangle EFG, and the prel'Fure '
upon any other Line HJZ which is parallel to thefe two and fituated
between them is meafur'd by its rcchchive Triangle HIK. TIf weimagin
the Square ACFE to be made up ol an Infinite Number of fuch interme-
diate Lines as HI, the preflure upon the whole Square will be made up
of the fame Infinite Number of fuch equal Triangles as HZK, now the
Sum of all thofe Triangles make up the Prifm AEGDCF and this
Prifm is half the whole Cube, as in the former Scheme the Triangle
ACD is half the Square A4CDB. If the Plane AC FE inftead of
being a Square were a reCtangled Parallelogram having its Sides AE either
longer or fhorter than 4C, 1t would follow from the Principles that the
preflure to which it is expos’d would be equivalent to the weight of a
like Prifm of Water, having the Triangle 4CD for its Balis, and the Side
AE for its Altitude. 1'

I have been hitherto fpeaking of Planes which are cither parallel or per-
endicular to the Horizon, it will be no difficule matter to apply what has
een faid of Perpendicular Planes to thofe which are oblique. Let AC

( Fig. 8.) reprefent any fuch oblique Plane and let the upper Surface of
the Water be .4B. The meafure of the preffure upon the Point L is
LS the Alutude of the Water above that Point, fo T4 is the meafure

of the preflure upon A, PN the meafure of the preflure upon ::& ‘*
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and  XC the meafure of the preffure upon C. Ereft the Perpendiculars
, P, NQ, CR cqual refpectively to LS, MT, N¥; CX, and imagin
the like Conftruction to be made for all the other Points of the Line AC,
nd the fum of all thofe Perpendiculars, that is the Triangle ACK will be
ﬁmﬂafure of the preffure upon the whole Line 4C. If this Line A4¢
be fuppos'd to reprefent a Parallelogram as before, then the Triangle 4CR
TE as before become a Prifm, and the weight of that Prfin of Water,
hich- we are taught by Euclid how to meafure, will be the preffure
E.ﬂain'd by the Parallelogram.
~ I have hitherto fuppos’d that the Line CA or the Parallelogram_ repre-
fented by it coincides with the Surface of the Water av .4; if that does not
aappen but the higheft part of the Line or Parallclogram is at fome di-
Epce from the Surface, a Computation of the preflure will ftill be eafy
enough. Suppofe A4C in the 8§ Figure were the Line or Parallelogram
g_ropns'd, the Preflure upon the Line A4C will be meafur'd by the Tra-
pezium or four fided Figure AZCRP, and the preflure upon the Parallclo-
gram reprefented by that Line will bea Prifm, havini; that Trapezium for
its ba'e, and the other fide of the Parallelogram which is fuppos’d parallel
to the Surface of the Water for its Altitude.
~ From what has been faid of thefe few particular Inftances we may now
underftand, that the preflure upon any Plane of what ever Figure and
tuation is equivalent to the weight of a Solid of Warer, which 1s form’d
by erecting Perpendiculars upon every point of the Plne propos'd, equal
the refpetive diftances of thofe points from the upper Surface of the
Vater. For the Perpendiculars being the meafure of the preflure upon
the Points from which they are erected, the Sum of thofe Perpendiculars,
or the Solid form'd bg them, will be equal to the Sum of the preflures
~upon the Points, or the total preflure upon the whole Plane.
. Or we may thus exprefs the fame thing after another way, and fo take
in all curv’d Surfacesas well as Planes, that the preflure upon any Surface
55 equal to the Sum of all the Products which are made by multiplying
every indefinitely fmall part of the Surface into its diftance from the top
of the Warter. For the preflure upon each of thofe Parts is equal to 2
Column of Water having the Part for its Bafis and the diftance from the
top of the Water for its Altitude, and every one knows who has the
leaft skill in Geometry, that thofe Columns are meafur'd by muliplying
their Bafes by their Altitudes, cherefore the Sum of the Produéts of all
thole Bafes or lictle Parts by their Alticudes or refpeive diftances from
the top of the Water will be equal to all the C:}ﬁlmns upon every little
Part, and therefore to a Body of Water whofe weight will be equivalent
to the total Preflure upon the whole Surfaice. Now to find the Sum of
ilﬁth:-& Produéts or a Body of Water equal to that Sum, is a very
difficult Problem in moft Cafes, Srevizas in his Hydroftaticks has atJ
| TRy B tempte
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tempted it ﬂl'ﬂér in a few Inftances, and thofe of plane Surfaces, and 2=
mongft plane Surfaces he meddles only with fuch which he ‘calls re=
aular, nevertheles he has gone the furtheft in this mateer of W riter
I have met with. To fupply then this defe@ I will here lay dow
another Rule, which is not only univerfal, but alfo as eafy and expes
ditious as can be defir’d. It is this, that the Preffure upon any S *-ﬂ
whatever ; however it be fituared is equal to the weight of a Body of
Water whofe magnitude is found by ' multiplying the Surface propos'd
into the depth of its Centre of Gravity under Water. So the preffu C
upon any number of Surfaces of different Bodies, however differently fi=
tuated, is equal to the weight of a Body of Water wholfe nitude is
found by multiplying the Sum of all thofe Surfaces into the depth of
their common Centre of Gravi?r under Water. The Demonftration of
this Rule may not perhaps be fully underftood by thofe who are unac-"
quainted with Staticks and the Nature of the Centre of Gravity, how-!
ever T will here produce it, that thofe who can may unde it, and
that others taking now for true what I fhall affume as demonftrated by the'
Writers of Mechanicks may afterwards be fully fatisfied of it, when they"
come to underftand that Theorem 1t is groumi:éd upon ; which is, that 1ff
every indefinitely {mall Part of any Sy’rt’ace or number of Surfaces be
multiplyed refpeétively into its Perpendicular diftance from any propos’d”
Plane, the Sum of thofe Products will be equal to the Produ& of the'
whole Surface or number of Surfaces mull:‘i_ply‘d into the Perpendicular
diftance of the Centre of Gravity of the fingle Surface, or of the com-"
mon Centre of Gravity of the whole number of Surfaces from the fame
Plane.  Now taking the upper Surface of Water for that Plane to which®
we refer the indefinitely fall Parts of the Surface whichis expos’d ro the®
preflure we are concern’d with, fince it has been already fhewn that the ,I’
preffure upon the whole is equivalent to the weight of a Body of Water
which is equal in magnitude to the Sum of all the Produéts, made by
multiplying every little Part by its diftance from the upper Plane of the®
Water, sng this Sum of Produéts is by the Statical Theorem I have been
mentioning exa&ly equal to the Product of the whole Surface or number
of Surfaces multiplyed into the diftance of the Centre of Gravi om
the upper Plane of the Water, it will follow that the fame Produé is
meafure of a magnitude of Water whofe weight is equivalent to the prefs
fure requir'd. TEE fame Rule may be demonftrated by feveral other me-
thods, but T have pitch’d upon this as the fitteft for my purpofe.

Another thing which Steviuns propofes to himfelf is to determin thel
Centre of preflure upon any Plane. Before we can difcourfe any further
about this we muft declare what is meant by that Centre. It is then the
point to which if the total preffure were apply’d, its effeét upon the
Plane would be the fame as when it was diftributed unequally"n?ei' the
s ' : whole
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whole after the manner before deferib’d 5 or we may fay it is that Point

“in which the whole Freﬂ'ure may be conceiv’d to be united ; or it is that

point to which if a force were applyed, equal to the total preflure but with
a contrary direétion, it would exaétly ballance or reftrain the Effe@ of
the preflure. Thus if ABCD (Fig. 9.) as before be a Veflel of Water,
and the fide AC be prefs’d upon with a force equivalent to twenty pounds
of Water; this force we have feen is unequally diftributed over 4C, for
the parts near 4 being at a leffer depth are lefs prefs’d upon than the parts
near € which are at a greater depth, and thereE:-re the efforts of all the
particular preflures are united in fome point Z, which is nearer to Cthan
to A, and that point Z is what may be call'd the Centre of preflure: if
to that point a E:-rce equivalent to twenty pound weight be apply’d it will
affe@ the Plane 4C in the fame manner that it was affeéted before by the
preflure of the Water diftributed unequally over the whole. And'if to
the fame point we apply the fame force with a contrary diretion to that
of the preflure of the Water, the force and preflure will ballance each other,
and by contrary endeavours deftroy ecach others effects. Suppofe at Z
a Cord ZPW were fix’d, which pafling over the Pulley P, has a weight
PV of twenty pounds annex’d to it, and that the part of the Cord ZP were
perpendicular to _AC, the effort of the w‘f‘i}ght W is equal and its direction
contrary to that of the preflure of the Water. Now if Z be the Centre
of PI'ErFI'.li'E thefe two Powers will be in Equilibrio, & mutually defeat cach
others endeavours. It may be worth while to be acquainted with a Rule
for finding that Centre in all Cafes. We cannot have much help from
Stevinus in this bufinefs, he undertakes only a few particulars and thofe
which are the eafieft, fuppofing that his Reader will apply the like me-
thod to other Circumftances, but they who fhall endeavor to make fuch an
Apphication will in moft Cafes find it more difficult than they mighr poffibly
expect. T have for that reafon devis’d this general Rule which follows.
That if any Plane which happens to be propos’d be produc’d till it in-
terfect the upper Surface of the Water produc’d, if need be, and the Line
which is the common Seétion of the two Plancs be made an Axis of Suf-
yﬁmﬁnn, the Centre of Ofcllation or Percuffion of the Plane as u is
uppos’d to revolve about that Axis will be the Centre of preffure re-
quir'd. Thus if A€ (Fig. 10.) reprefents the Plane propos’d let it be
groduc’d till it cut the Plane HG in D, now if D be made the Axis of
ufpenfion of the Plane AC, the Centre of percuflion of the Plne AC

revolving about D will be allo the Centre of preffure upon the fame Plane.
For if the percuffive forces of every point of AC be as the preffures ex-
ercis’d upon thofe points, then the Centre of percuffion muft needs be
the fame with the Centre of preffure, and that the force of percuffion
15 every where as the preffure of the Water may thus be prov’d. The per-
cuffive force of any point fupyofe B is as the velocity of that pomt, m‘;i
B 2 the
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the velocity is as the diftance BD of the point from the Axis of Mo- |
tion ; fo the percuffive force of 4 is as 4D, of C as CD, fince then the |
percuflive forces of 4, B, C are as the Lines D4, DB, DC and thofe |
Linesare as the Lines EA, FB, GC perpendicular to the Surface of the Water,
and thefe laft Lines are as the preflures upon 4, B, and C, it follows that
the percu{ﬁve forces taking the interfeGtion D for the Axis of fufpenﬁun
or motion are refpectively as the preffures upon the fame points: there-
fore the Centre of Percuflion or Ofcillation is the fame with the Centre
of preflure. The Geometers of the haflt Age have rrnfﬁcutcd the Problem
of finding the Centre of Ofcillation very diligently, being excited there-
to chiefly by the noble Invention of Pendulum Clocks: the Rules they
have laid down for that purpofe are eafy enough, and the Applications
they have actually made of thofe Rules are not a few. Having there-
fore fhewn how the Centre of Ofkillation may be made ufe of for de-
termining the Centre of preflure, I prefume I have by this time fufficient-
ly clear’d up what I propos’d. For further illuftration I will add a
«couple of Examples. :
Let it be requir'd to find the preflure which a Diver fuftains when
the Centre of Gravity of the Surface of his Body is 32 feet under
Water. The Surface of a middle fiz’d humane Body is about 10 fquare
feet. Multiply then 32 the depth of the Centre under Water by 10
the Surface of the Body, and the produt or 32 times 1o folid feet will
be a magnitude of Warter whole weight is equivalent to the preflure
which tEE Diver fuftains by the Rule before laid down. A Cubick
foot of Water has been found by Experiment to weigh 1000 Averdu-
pois Ounces, therefore 32 times 10 feet or 16 times 20 feet of Warer
will weigh 16 times 20000 Averdupois Ounces or 20000 Averdupois
Pounds. This therefore is the preflure of the Warter to which a Diver
at 32 feer depth is expos’d. Againin (Fig. 11.) let the right angled Paral- |
lelogram ABCD be a Wall, Dam, or Pen of Timber perpendicular to
the Horizon made to keep in a Pond of Water, whofe upper Surface
reaches to AB: let 4B be 20 feet, and 4C 12. Let K be the Centre
af Gravity of the Plane, the depth of that Centre K will be equal to
half GH or half AC, that is 6 fcet. The Areaof the Plane is found by
multiplying AC by AB or 12 by 20, it is therefore 240 {quare feet:
multiply according to the Rule the Area 240 by GK which is 6 and the
product will be 1440 Cubick feet of Water, which weighs fo many
thoufand Ounces that is 9oooo pounds, and that is the preffure which the
Dam ABCD fuftains. To find the Centre of that preflure we muft make
the Line 4B which is the common Section of the Dam and the upper
Surface of the Warer, the Axis of fufpenfion of the Plane 4BCD; now
it appears by the difcovery of Hugens, Wallis and other Geometers that

Z the Centre of Ofcillation of this Plane fo fufpended will bein the Line
' p : - GH
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m rwhich bife@s this Plahe and is parallcl to ACor BD, and the Line 62
ill be two thirds of GH or 4Cthat s § feet and the fame point Z fa
gmin’d! is, a5 was prov’d before, the Centre of preffure réquii*d.
0 |
i

'\ A Engteiry into the Limits and State of the Aimifphere.
pi - |
Y avrn o Yefterday made it appear trom reafon that the Spring’ or T 1s-
ftick-Power of the Air is asithe'force which comprefles it, and having
this Day as far asithe unavoidable” iriegularity of Tubés would permit us,
fhewn by (everal Experiments that the Denficy isalfo as' che fame force, the
M;‘I: {Tefles being: a-{ﬁ“.lj(.'. reciprocally as'‘that force ;' We are now
foesiihrds with fufliciert’ dar to make our Enquifies concérning the Limits
of thec Acmoflphere, and to' determine 1ts State as' to Rarity at different
Blevationis from the ‘Earth’s ‘Suiface. - If the Air were of the fame con-
fiftencecas vo its' Rarity” orf Denfity ar alll Altitudes’ it would be no dif-
| ficule thing to' fer bounds to it. We colleCted from the Experiment which
| was! Yefterday maderat: cthe top’ and bottom of the Obfervatory, that the
' ﬁﬁi&c‘k Gravity of Water is about 850 times gréarer than the' Specifick
' ity of Air, (which' thing will! hertafter be further examin’d by an
Experiment: particulurly fitred for that' purpolt) ‘and’in the foregoing Week
we fourd by the Hydroftatical Balanice; that Quickfilver is abour 14
times' heavier' tha Water'; 1t follows then’ of confequence that Quick-
filver i 14 times' 850 dégrees hicavier than Airy that' is, rr9oo times
heaviere  We have feen by the Torticellian Experiment- that a Column of
Q@isickfilver of 29% Tnchdsis ufbally  a codnterpoife 1o a Column' of Air
g thes fanfe’ bafis‘and redching® 16 'thé’ top “of the Armofphere; if
dhiereiore: the” Airberevery where: of thelfame’ Derifity 15 it is here bes
low; its Altitude otight as’ many timies to exceed che'height of 29% Inches
(Owhich is che height - of 'an” ZEquiponderant” Column of Quickfilver) as
iﬁ}ﬁ}éciﬁtkiﬂﬁﬂitﬁy{fﬂlfs‘{fﬁﬁﬁ of'the Specthck'Grayity' of Quickfilver;
that 1sy the: Atiofphere ‘otghe( upsniehe Tuppofition of “air every where
wniform Denficy) ‘to 'ber 1900 ‘tites”29% - Inches of {fomewhat above’ 5%
‘Miles high.  Bue it> may>beded(ily” prov’d’ithat ‘this fuppofition doss in
nos wife'talke placél” Forfificé’every Region of' the Air is compreft by
thaws pare! of the Atmofphére: whichis fuperiof'to'it, and fince the higher
has 3‘1ﬂﬂ¥f?#%ﬁl-in€&ﬂﬁéﬁt"u* ot them “ thanthe 1oter, and fince
thedDenlity of thetAfr 8 every ‘wheré ad ché force which <confprefles it,
A will follow 1of neeelliey ‘thav'cherd 4s (kll'a"gifacet Rarjey of 'tHe | Afr
as¢it is: farehier-diffasecfromiCehé Surface of the Eanth, - l‘;[c?;l far the'Air’
may poflibly admielof Rarcfad&ion’atd' Condenfrion 'his not' yet that T
Know of bees-detbrmin’ d°Lbiyaiy’ one. M. Boy/ has’ obferv’d that it’ may
ﬁi_?f{u dilatedas to' beeame-'10000 timies rarer thah “it“is-in' its" natural Srate.
WL % Dr.
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Dr. Halley fays that he himfelf has feen the Air comprefs'd fo as to b
6o times denfer than it isas we commonly breath it; and Monfieur Papi
relates that he was a Witnefs that Monfieur Hegens did once in a
Veflel comprefs the Air to the fame degree befgrc the Glafs was broken,
yet never could any Experimenter determin how much further the
Air might poflibly be rarchied or condens’d. - However it’s certain that
there are in Nature fome Limits which cannot be exceeded. No con-
denfation can reach fo far as to caufe a penctration of Parts, and if the
Rarcfaction of the Air be ftill greater, as its diftance from the Surface o
the Earth increaleth, its Spring will at length be fo weakn’d that the force,
with which every Particle of it endeavours totend upwards  from the
Particles which are next below it, will be weaker than the force of its
own gravity which endeavours conftantly to detain it, = The Rarefaction:
of the Air muft therefore be bounded of neceflity when thefe two oppofite,
forces come to ballance each other. Though this be certainly true thar
the Air can’t poflibly expand it felf be)rang a certain mealure upon ac-
count of its Gravity, yet fince Men have not hitherto been able to fet
any bounds to its urmoft expanfion, it is equally certain, that we cannot:
poflibly define the Limits of the Atmofphere. For as the Air may be
more and more rarefied, fo will the fame Quantity of it (which equals
the weight of about 30 Inches of Quickfilver) be contain'd in a greater
Space, and thereby thofe Limits be fo much the wider. Notwithftandin
this feeming difficulty we may ftill collect how much the Air is rariﬁﬁg:.
at any propos'd Altitude from the Surface of the Earth after the follow-
ing manner. Let X.AaPX (Fig. 14.) reprefenta Veflel reaching from the!
Surface of the Earth 4« to the top of the Atmolphere X. Let us imagin: |
the fide AY divided into Inches 4B, BC, CD &c. and let the Lines BK;CLs
DM, EN &c be drawn parallel to. 4. °'Tis evident that the Air con-:
tain’d between BK and CL is raver than the Air contain’d between .4
and BK; the former having a lefler Column of Air XCLX incumbent)
upon it than the Column XBKX which prefles upon the latter. Upon:
the fame account .the Air between CL and DAL is, rarer. than 'that be-
eween, BK and CL, and that between DAL and EN rarer than that be-s
tween CL and DAL,  And thusis every fuperior Inch of Air rarer than!
that below ir. 'Let us now fuppofe, that every Inch of Air is in all:|
parts of it of an equal Denfity, or that the Air 4K is every where;uni—-:|
form, but denfer than the Air BL ; which is alfo fuppos'd: to be every: |
where uniform, but denfer than CAf; and that to be uniform it felf, but
denfer than DN, and fo onwards., Again let us fuppofe, that the Air BL. |
is reduc’d to a leffer Space BQ,. fo as to become equally denfe with the: |
Air AK, which is done by n;.ﬁ(-ipgr the Space BQ lefler than BL, in the- |
fame proportion that the Air BL, is lefs denfe than the Air 4K; after the |
fame manner ler the Air €A be reduc’d to. the Space CR, and the Airi |
' | DN
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DN to the Space DS and fo onwards, that thus every Inch of Air may
be reduc’'d to the fame confiftence with the Air 4K now it is evident
from this conftruction that the Spaces 4K, BQ, CR, DS, &c will every
where be as the Denfities refpectively of the feveral Inches of Air 4K, BL,
CAM, DN ; and it is alfo evident that the Quantity or weight of the Air
which reaches from any one of thofe Spaces up to the extremiry of the At-
fphere will every where be as the Sum of all the Spaces which are fituated
above the Space propos’d. Thus the Quantity or the weight of Air
above the Space 4K will be as the Sum of the Spaces BQ, CR, DS, ET,
Frr &, ang the Quantity or weight of Air above the Space CR will be
a5 the Sum of the Spaces DS, ET, FV &c. For the Air being every
where reduc’d to the fame confiftence, the Quantity or weight of 1t
will be as the Space it poflefles. Thefe things being laid down I may
now without much difEculty proceed to eﬂaiﬂfh the Conclufion I aim
at, which is this, that if any number of diftances from the Surface of
the Earth be taken in an Arithmerical Progreflion, the Denfities of the
Air at thofe Diftances will be in a Geometrical Progreffion. For fince
by the Experiments which have this Day been made, it appears that the
Denfity of the Air is always as the force which cnmpreﬂfs it, we muit
conclude that the Denfity of the Air at any Diftance from the Surface
of the Earth is as the Quantity or weight of that part of the Atmofphere
which is above it. Therefore inour Scheme the Denfities of the Air be-
tween A« and BK, BK and CL, CL and DAL &c. are to each other re-
fpectively as the Quantiries of Air Above Aa, BK, CL &c. up to the
extremity of the Atmofphere. But we faw before that thofe Denfiries
were as the Spaces 4K, BQ, CR &c. refpettively, and thofe Quantities of
Air reaching to the extremity of the Atmofphere were as the Spaces
XBRQRSTVX, XCyRSTVX, XDJSTVX refpectively, it follows then
that the Spaces AK, BQ, CR are to cach other refpetively as the Spaces
XBR QRSTVX, XCyRSTVX, XDJST¥VX. Now the former Spaces
AK, BQ, CR are the differences of the latter, and it is well known to
thofe who underftand any thing of the nature of Proportions, when any
fet of Quantities are to each ntﬁEr refpectively as their differences that
then as well the Quanrities themfelves as their differences, are in a Geo-
metrical Progreflion. The Spaces 4K, BQ, CR, are therefore in a Geo-
metrical Progreflion, as the Diftances 4B, 4C, AD are in an Arithmeti-
cal Pr on. And as the Denfities of the Air belc:ngin? to thefe three
firft I are in'a Geometrical Progreffion, fo do the Denfities of the Air
hdnngir;ﬁ to every one of the other Inches, which are fuppos’d to be
continued up to the extremity of the Atmofphere, decreafe i the fame
Geometrical Progreflion, as any one without difficulty may collect by the

|fame way of reafoning. T have hitherto fuppofed for eafe of conception
| that the Air is of the fame Denfity in every part of cach Inch of Alt-
K C
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tude, neverthelefs it is certain that every: the leaft: variation of |Alitud
caufes a variation of Denfity in the Air. ‘The Conclufion hawever will nog
hereby be difturb’d: for it inftead of dividing the Altitude of ‘the Ae
molphere into. Inches as before, wie concetve it now te be divided into
its: mofb. indefinitely ‘:minute parts, aﬁxp]}l:img to thefe: whatiwe  have faid
abowe: concerning the Inches, we fhall at length: deduce the!fame. Geome
teical Emg:tilim of Denfities anfwering: tora like: Avishmetical. Progrefiion
of Altitudes. Now becaufe the Rariry of any. Bady- is: reciprocally: a
1its Danfity, we may alfo conclude thav as the Diﬁanmfmtﬁl
of the Earth do increafe in an  Arithmetical Progrefliiony fo do the diffes
rent degrees. of Rarity of the Air increale in. a Geometrical Progreflions
This Property of the A was fieft.that T 'know of obfery'diby Di. Hialleys ¢
but' becaufe: his. Demonftration cannot: be . underftoods by thefe: who are
unacquainted with: the nature of  the Hyperbolick: Line; and - Dy Gregory
in- his Demonltration of the fime thing, which may: be feen in the fifths
Book of his Aftronomy, fuppafes his:Reader: to befurnifh’d: with, fo muelys
Geometry: as- not to be ignorant of the properties of: the: Logarithmig
Line, I' have endeavour'd: to make the thing intelligible: by a: Method
which may be caly even to thofe who have never medled with, Curviel
lincar  Figures. Let us fee now what help we have: from  thiss propenty
to determin how much the Air is really: rarefied: at amy+ proposid' Cldva
tion from the Surface of ‘the Barth. Since the Elevations-are the '
of an Arithmetical Progreflion as th&'Rutitic&am-l:I::g-ﬁrmm of'a Geosr
metrical, it follows, that the Elevation is every: where: reionable- to?
the Logarithm of the Rarity.  If then: by I‘ﬁ.rxypnmp :ﬁn can -« pe '
find¢the’ Rarity of’ the Adr av:any oneElevation, . we!may: by the- 7
Propertion find what is the Rarity at.-anymthmpm’dﬁkmtigtﬂwﬁ-
ing, as the Elevation at which the Experiment was made,, ista theElvas
tion propos’d, fo isthe Logarithm of the Air’s Rarity-which was-obfervid ats
the Elevation where the Experiment was-madéy mfth:\_[fc?riﬂam'af the Aie’
Rarity at-the- Elevation propos’d. ~ Thus It colleéted!from ‘the celebrared
French Experiment of ‘the Pwy de Domme, which I ' ve Youam
Accountofy that at the Alrirude of 7 Miles the:Airis{omes above 41
times rarer ‘than-at-the Surface of' the Earth: By the: famemethod I colss
le€ted from the Experiment of Mt. Cafovell made upon Swauder Hill,ithat ae
the fame Altitude of 7 Miles the Air is/ not - altogether formuch-as:qa.
times raver- than.at the Surface; the diffierence -on : bothsfidess wasy incons 1
fiderablé, 'Wie' may - rake @' mean therefore and: fayy in /anroundsnumibnst
that at the Altitude: of 5 Miles the Auriis abour gotimesraver than-ave thel
Surface of the Earthy - Sr. [faas: Newron in his: lates Addivionsitobhis:Opm
ticks makes ufe of this very fime propontiony whaogronndshe aveneupon
is difficule-to guefls, however I amv fatisfied ‘of the . Conclufion: from my
own Computation. Now: fiomv. what has: beenvialready ‘prov’d Athats thes
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of the Air is augmented in a Geometrical as the Altitude is augs
in an Arithmetical Progreflion, it follows that every feven Miles ad-
to the Altitude does ﬂw:tys requir a rarity of the Air ftill 4 rimes
cater. Therefore at the Altzltl.ldf.‘ of L Miles the Air is 16 rimes
garer than ac the Surface, ar the Alttude of 21 Miles it is 64 times
rarer, at the Altirude of 28 Miles 256 times, at 35 Miles 1024 times,
at 70 Miles about a Million of times, at 140 Miles a Million of Million
of times, at 210 Miles a Million of Million of Millions of times, if
2 Air can pollibly expand it felf t o large Dimenfions, Hence we
may -cafily ;gather that the Air at the Altitude of 500 Miles (if the
Atmolphere can reach fo far) muft necellarily be there fo much rarificed
hat ifa Globe of the Air we breath in of an Inch Diamerer were as much
dilated it would .puﬂ'cfs a larger Space than the whole Sphere of Saturn.
: Semidiameter of the Larth is nearly 4000 Miles which is' 8 times
s hundred Miles: wich good realon then might that excellent Philofo-
pher I have lately been menrianing tell us in his Principia, that the Air
at the Altitude of a Semidiameter of the Earth is at lealt fo wonderfully
Jarified as I have defcrib'd it to be at an Altitude 8 times lefs.
e appears, from the Obfervations of Aftronomers of the Duration of
T wilight and of the magpitude of the Terreftial Shadow in Lunar E-
cliples, that the Effect of the Atmofphere to reflect and intercept the light
‘of the Sun 1s fenfible even to the fhitudf: of between 4o andp 50 Miles,
) far then may we be certain that the Atmofphere reaches, and ar thar
Altitude we may colleét from what has been nlrenfy faid that the Air is abour
1ooco times rarer than at the Surface of the Larth, How much farther
than this Altitude of between 40 and 50 Miles' the Armofphere may be
| ded I muft confels I am altogether ignorant, there bring no dara
‘that T know of from which a greater Altitude may be indubitably con-
wcluded. There thas indeed been often feen in the Atmolphere fome very
Luminous parts even near the Zenith about Midnight, but I dare not
conclude any thing from fuch appearances; if I fhould affert as fome
dhave doae that thele Juminous pairs.are nothing elle but fome Terreftial
Exhalations floating inithe Air at a prodigious Altitude, and thereby re-
Mlecting the Light of the Sun whichthey areexpos’d toat that glr-::at heighe
our eyes, it will ;be next to impolhible .to give any rolerable account
thofe Exhalations can be denfe enough to reflect fo copious a Light
at that vaft diltance, and at the fame time be {ypported by a Medium, I
- fwy, almolt -infinitely rarer than the Air we breath jn, It {eems more
that .thefe  extraordinary Lights procged from fome .ﬁ:lf_ﬂilinimﬁ:
ubltance or ;. Aemal Phofphorus. A furprizing appcarance of this kin
was feen at Cambridge about 10 of the Clock ar Night and at other very
wdiftant, Places ionithe zoth of March in the Year 1706. It wasa Semi-
wircle of Light of .about two thirds p]gthc ordinary breadch of the milky
s
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way but much brighter. The top of it pafs’d very near our Zenith ine
clining about 4 or § Degrees to the North, it crofs’d the Horizon at®
very {mall diftance from the Weft towards the South, and again aboutas
far from the Eaflt towards the North. It was moft vivid and beft des
fin’d about the Weftern Horizon and moft faint about the Zenith, when
it firlt began to difappear : there was at the fame time an awrors Bovealify
A Friend of mine faw the fame appearance in Lincolnfbire at the diftance
of about 70 Miles north of Cambridge: the Semicircle feem'd to Him to
lye in the Pline of the Aquator. From thefe two obfervations coms
par’d together it is eafy to colleét that the matter from which that Ligﬁ_.

o
proceceded was elevated above the Earth’s Surface between 40 and

Miles. Having now finifh’d what T defign’d to reprefent concerning the
Limits and dif%::rﬁnt degrees of rarity of the Armui%here at different Al
titudes I might here conclude, But becaufe it may poffibly be expected
that I fhould add fomething in this place concerning the Caufe of the
Airs Elafticity upon which thefe deduttions were grounded, it may not
be amifs to c?;clare here that of all the feveral Hypothefes which I have
hitherto been fuggefting for this purpofe, that of Sir ffasc Newton [eems to
me to be the moft probable.  He Eas demonftrated in the fecond Book
of his Principia that if the particles of the Air be of fuch a Nature as
to recede from each other with centrifugal forces reciprocally proportionable
to their diftances, they will compofe an Elaftical Fluid whofe Denfity
will always be as the force which comprefles it; and any one who reads
the late Additions to his Opticks will perceive that that Hypothefis is
not advanc’d without reafon.

|

An account of the [everal [ucceffive Degrees in which the Air i
expanded and compre(fed by the Air-pump and Condenfer. Wherein
the firft and fecond Tables are explained. R

i

T our laft meeting we took a particular view of the feveral parts

of which our Engines confift. I fhall therefore fuppofe You to
be fufficiently acquainted with the Fabrick and contrivance of them, and
to underﬂanc{ in general the manner of their Operations. 1T fay in general,
becaufe there are fome particulars which yet remain at this time to be
difcours’d of, which may alfo very well deferve your confideration and
will be of good Ufe in order to frame juft and true apprehenfions of
the Experiments which will hereafter be made. T fhall begin with the

Air-pump, and reprefent to You by what degrees the Air contain’d in

the Receiver is exhaufted. |
It may perhaps upon the firlt view feem not improbable that an equal

evacuation is made at each ftroke of the Pump and confequently that the

Rece '
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Receiver may after a certain number of Strokes be perfedly exhaufted ;
for it muft be allow’d, if an equal quantity of Air is taken away at every
ftroke, that the Receiver will in time be perfe@ly exhaufted, how fmall
foever thofe equal quantities which are continually taken away, may be
fuppofed to be. Thus if the Air which goes out of the Recerver at each
turn of the Pump be but the Hundredth part of what was at firft includ-
ed in the Receiver ; "tis certain that a total evacuation will be made after
an Hundred turns, That things are thus may at firlt view I fay feem
not improbable. But if we confider the matter more nearly we fhall find
it to be far otherwife.

What I fhall endeavour to make out to you is this; that the quanti-
ties exhaufted at every ftroke are not equal but are perpetually diminifh’d
and grow lefler always fo long as you continue to work the Pump : that
no Receiver can ever be pertectly and intirely evacuated, how long time
foever you imploy for that purpofe, notwithitanding that the Engin be
| abfolutely free from all defects and in the greateft perfection which canbe

imagin’d. It may appear to be a Paradox, that a certain quantity of the
Air in the Recever fhould be removed at every turn of the Pump and
et that the whole can never be taken away; but I hope I fhall eafil
atisfy you that it is not a Miftake. Laftly, that I may not feem too mun:ﬁr
‘to depreciate the Value of our Engin, I have this further to fay for it:
that though it be iﬂlﬂﬂﬂiblﬂ by it’s means to procure a perfect Vacuum,
Ket you may approach as near to it as you pleafe. By a perfect Vacuum
ere I mean in refpe@ of Air only, not an abfolute Vacuity in refpect of
every thing which is Material : for not to mention what other fubtile

Bodies may poflibly be lodg’d in our emptied Receivers, *tis matter of
faét that rﬁe Rays of Light are not excluded from thence.

"~ In Order to make out thefe Aflertions, I fhall in the firft place lay
"down this Rule. That the quantity of Air which is drawn FI.‘DI'.I‘I the
Receiver at each ftroke of the Pump, bears the fame Ercpnrtinn to the
quantity of Air in the Receiver immediately before that ftroke, as the
~ capacity of the Barrel into which the Air pafles from the Receiver, does
to the capacity of the fame Barrel and the capacity of the Receiver taken
together. You may remember that in each Barrel there are two Valves,
whereof the lower is placed at the bottom of the Barrel and the upper
15 fix’d upon the Embolus or Sucker. Now the hollow Space which lies
betwixt thefe Valves, when the Embolus is rais’d as high as it can go,
1s what I call the capacity of the Barrel : for the other part of the cavity
of the Barrel, which is above the Embolus and the upper Valve, is of
no ufe in evacuating the Receiver, and therefore ought not here to be
confidered.  Upon a like account, by the capacity of the Receiver, I
mean, not only the Space immediately contained under the Receiver, but
alfo all thofe other hc{i’lauw Spaces which communicate with it, as far as to

D 2 the
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the lower Valves: fuch you nmy remember.are the cavity of the Pip
which conveys the Air to the-Barrels, and the «cavity in the upper pan
of the Gage above the Quickfilver. Thefe additional Spaces are very
fmall and inconfidérable ; yet if we would be exalt, they allo mult be
taken ‘into the account and look’d upon as parts of the Receiver. Now
to ‘underftand the truth of this Rule, we muft obferve that as the Em=
bolus is moved upwards from the bottom of the Barrel, it would leave a
void Space behind ity but this effect is prevented by the rufhing in of Al
from the Receiver. The Air you know, by it’s Elalticity, is always
endeavouring to expand it felf into larger Dimenfions, and 1t 15 by E
endeavour that ‘it opens the lower Valve and pafles into the hellow part
of the Barrel as the Embolus gives way to it, and this it will continug
to ‘do, till it comes to have the {ame Denfity in the Barrel as in the Re=
«ceiver: for fhould its Denfiry in the Barrel be lefs than in the Receiver,
its Elaftick force which is proportionable to its Denfity would be lefs allo,
and therefore it muft ftill give way to the Airin the Receiver will at length
the Denfities become the fame. The Airthen which immediately before
this ftroke of the Pump, (by which the Sucker is raifed) was contained in
the Receiver only, is now uniformly diffufedinto the Receiver and the
Barrel; ~whence it appears that ithe quantity of Air in the Barrelis to-the
quantity of Air in the Barrel and Receiver together as the capacity of the
Barrelis to the capacity of the Barrel and Receiver.together. But the Air
in the Barrel 15 that wl):ich 1s excluded from the Receiver by this {troke
‘of the Pump, and the Air in the Barrel and Receiver together is what
was in the Receiver immediately before the {troke. Therefore the truch
of the Rule is very evident : that the quantity of Air which is drawn
from the Receiver at each ftroke of the Pump bears .the fame propor=
'tion 'to’ the \quantiry of Air in the Receiver immediately before - that ftroke,
as the ‘capacity of the Barrel into which the Air ..Paiﬁ's from Ehﬁ.ﬂ'ﬂ[ﬂit’q
‘does 'to ‘the capacity of the fame Barrel and the capacity of the Receiver |
taken together. To illuftrate this further by an Examples let us fe
the capacity of ‘the Receiver to be twice as great as.the capacity of the
Barrel; then will the capacity of the Barrel be to “the capacity of the
‘Barrel ‘and Receiver together as 1 to 3, and the quantity of Air ex-
‘hadfted at ‘each ‘turn of the Pump is to the quantity of Air which was
1in ‘the Receiver immediately before that turn, in the fame proportion.
‘So ‘that by the firft firoke of -the Pump, a third part of the Air in the
Receiver 1s taken away ; by the fecond ftroke a third part of the ree
‘maining Air is taken away, by the third ftroke a third part of the next
rémainder is exhaufted, by the fourth a third part .of '.r.Ee"next:: anc
on continually ; the quantity of Air evacuated at each ftroke diminifhir
‘inthe fame proportion ‘with the quantity -of Air.remaining in the Re:
reeiver immediateiy -before that firoke: for ’tis veryevident that the thir
P
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part, or ahy other determinate part, of any Quantity muft needs be dis
minifhed in the fame proportion with the whole Quantity it felf. And
this may f{uffice for tlEe proof of what I afferted in the firft place viz.
That the Quantities exhaufted at every ftroke are not equal but are per-
petually diminifhed.
- I ihall now procced to fhew, that the Air remaining in the Receiver
after every ftroke is diminifhed in a Geometrical Progreffion. It has been
rov'd that the Air remaining in the Receiver after each {troke of the Pump
15 to the Air which was in the Receiver immediately before that ftroke,
as the capacity of the Receiver is to the capacity of the Barrel and Re-
ceiver taken together, or in other words, that the quantity of Air in the Re-
ceiver, by each ftroke of the Pump, is diminifh’d in the proportion of the
capacity of the Receiver to the capacity of the Barrel and Receiver taken
her. Each remainder is therefore evermore lefs than the preceding re-
mainder in the fame given Rario. That is to fay thefe remainders are in a Ge-
ometrical Progreflion continually decreafing. Let us returnagain to our former
Example which may afford a fomewhat different I-iﬁ‘l;t into this matter.
The Quantity exhaufted at the firlt turn, you remember, was a third part
of the Air in the Receiver, and therefore the remainder will be two
thirds of the fame, and for the like reafon the remainder after the fecond
turn will be two thirds of the foregoing remainder, and {o on continu-
ally, the decreafe being always made in the fame proportion of 2 to 3 .
confequently the decreafing Quantities themfelves are in a Geometrical Pro-
ijon. It was before proved that the Quantities exhaufted at every turn
id decreafe in the fame proportion with thefe remainders; therefore the
IQuantities exhaufted at every rturn are alfo in a Geometrical Progreflion.
ILet it then be remembred, that the Evacuations and the Remainders do
both of them decreafe in the fame Geometrical Progreflion. If the Re-
Imainders do decreafe 1n a Geometrical Prﬂgrffﬁnn, 'tis certain you may,
by continuing the Agitations of the Pump, render them as fmall as you
\pleafe, that is to fay, you may approach as near as you pleafe to a perfed
|Vacuum. But notwithitanding this, you can never entirely take away
|the Remainder. If it be faid that you may, I prove the contrary thus. Be-
\fore the laft turn of the Pump, which is faid wholly to take away the
Remainder, it muft be confefs’d there was a Remainder: this Remainder,
by that laft turn of the Pump, will only be diminifhed in a certain pro-
lportion as has been before proved: therefore it was falfly faid to be to-
frally taken away. |
. It may not be improper in this place to fay fomething concerning the
UGradual Afcent of the Quickfilver 1n the Gage, upon which we have
'Imade fome Experiments. You have obferv’d that as we continue to Pump,
he Quickfilver continues to afcend, approaching always more and more
the Standard Altitude in the Weather-Glafs, whicg you know is a-
E bout

———

————




(18)

bout 29% Inches, being a-little under or over according to the variet
of Seafons, What I fhall now endeavour to make out to you is thiss
that the defect of the height of the Quickfilver in the Gage from the
ftandard Altitude, 1s always proportionable to the Quantity of Air, which
remains in the Receiver : that the Alttude it f{elf of the Quickfilver im
the Gagé, is proportionable to the Quantity of Air which has been ex:
haufted from the Receiver: that the Afcent of the Quickfilver upon &= |
'rerg turn of the Pump, is proportionable to the Quantity evacuated by |
each turn. » wh uly ong
Tn order to underftand thefe Aflertions, you are to confider, that the whole
preffure of the Atmofphere upon the Ciftern of the Gagfe, is equivalent

to and may be balanc’d by a Column of Quickfilver of the Standard Als
titude. Therefore when 1n the Gage, the Quickfilver has not yet arrive
to the Standard Altitude, *tis certain the defe@® of Quickfilver is fupplyee
by fome other equal force, and that force is the Elaftick Power of the
Air yet remaining in the Receiver, which communicating (as you re=
member) with the upper part of the » hinders the Quickfilver from
alcending, as it would otherwife do, to the Standard Alitude. The E=
lafticity of the Air in the Receiver is then equivalent to the weight of
the deficient Quickfilver: but the weight of that deficient Quickfilveris
proportionable to the Space it fhould poflefs, or to the defe& of the
height of the Quickfilver in the Gage from the Standard height : -
fore the Elafticity of the remaining Air is allo proportionable to the fame
defect. And fince it was formerly proved, that the Denfity of any por=
tion of Air is always proportionable to its Elafticity, and the Quantity in
this Cafe 1s proportionable to the Denfity ; it follows, that the Quantity
of Air remaing in the Receiver, is proportionable to the defe@ of the

Quickfilver in the Gage from its Standard Alcitude, which was the firfk
thing to be proved. Hence it follows, that the Quantity of Air whick
was at firft in the Receiver before you began to Pump, is proportionablé
to the whole Standard Altitude, and confequently the difference of thil
Air which was ar firft in the Receiver and that which remains after any
certain Number of turns, thar is, the Quantity of Air exhaufted, is pro.
portionable to the difference of the Standard  Altitude and 'the beforé |
mention’d defec, that is, to the Alttude of the Quickfilver in the Gag I
after that Number of turns; which was the fecond thing to be |
And from hence it follows that the Quanty of Air exhaufted at every
eurn of the Pump, is proportionableto the Alfcent of the Quickfilver upon
each turn, which was the laft thing ro be made ont.  And thefe Conclu=
fions do very well agree with the Experiments, which 'fhew'd’' us the
quantity of Air that was exhaufted b?«' the Quantity of Water which afrer~
sards fupply’d the vacant Place of that Air in our Receiver. Let it ‘ther
e remembred,. that the Quantity exhaufted ar each turn is proportic

. = ._\.—'
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the Afcent of the Quickfilver upon that turn: thar the whole Quanticy
exhaufted from the time you began to pump is proportionable to the whole
Alritude of the Quickfilver : that the quantity remaining inthe Receiver
is proportionable to the defect of that Alitude trom the Standard; to come
now to the application of the other Experiments which we made this Day ¢
We found you remember, that the feveral Afcents of the Quickfilver in
the Gage, upon every turn of the Pump, were diminifhed in a Geometrical
Progreifion, and it has juft now been proved that the. quantities of Air
exhaufted at each turn are pmpnrti.nnabll:: to thofe Afcents. Therefore we
may fafely conclude from Experiment alfo, what we before collected by 2
train of reafoning : that the Quantities of Air exhaufted at every turn of
the Pump are diminifhed continually in a Geometrical Pro Hm. Fur-
thermore, {mnce thofe Afcents are the differences of the defeéts from the
Standard Altitude, upon every fucceflive turn of the Pump : itfollows, that
the defects alfo are in the fame decrealing Geometrical Progreffion. For ’tis a
general Theorem, that all Quantities, whofe differences are in a Geome-
trical Progreflion, (fo long as the Quantities continue to have any magni-
tude,) are themfelves alfo in the fame Geometrical Progreflion. The de-
fects being then in a ‘decreafing Geometrical Progreffion, and the Quan-~
tities of Air remainine in the Receiver being proportionable (as was late~
proved) to the defedis: it follows from the fame Experiments, that
the Quantities of Air which remain in the Receiver aftér every turn of the
I_’umr, do decreafe in a Geomerrical Progreflion : which was the other thing
concluded alfo by a train of reafoning.
¢ Before I difmifs the confideration of the Air-Pump, it remains that I
‘add fomething concerning the ufe of the two Tables, which I have put
idnto your hands. They are defigned to fhew the number of turns of
the Pump, which are requifite to rarefie, in any given proportion, the
Alr contain’d under any Receiver. The firlt Table in particular is fitted
for Receivers whofe capacity is the fame with the capacity of the Barrel,
and the Numbers of the firft Column of it exprefs the d{gre:s of Rare-
fation' as thofe over“againft them' in the fecond Column exorefs the Num-
ber of Turns, with their Decimal Parts, which are requifite to’ produce
thofe degrees of Rarefaction. Thus for Txample, if it were required to
_’.'!'at_"eﬁe the Air, under’ fuch a Receiver, an hundred times above its mnatural
Rarity: T feeck for the Number 100 in the firft Column, and over a-
ainft it in the fecond I find the Number 6,644 by which I underftand
that the Air will be rarified an Hundred times by 6 turns ‘of the Bump
and 644 Thoufand parrs of a turn.  So if it were defired: to  rarefic the
‘Alr, under the fame or an equal Receiver, r1o- Thoufand times more than
n its natural ftate: T perceive there will be 13 wurns and 288 Thoufandth
arts of a turn ' requifite for thit purpofe. The Receivers which we fhall

| Thave occafion to make ufe of in our Experiments are generally much bigger
B E 2 tham
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than the capacity of each Barrel of the Pump, and by being bigger, w

require a greater number of turns than thofe fer down in the fecond Co-
lumn, to rarifie the Air in the degrees which are exprefs’d in the ﬁr{ig

Column. It may perhaps at the firft view, feem not .unreafonable tc

think that the number of turns requifite to rarefic the Air in any certain,

Degree, fhould exceed the Numbers of the fecond Column ia the fame
proportion by which the capacity of the Receiver exceeds the capa-.

city of the Barrel. But if the Matter be examined more clofely, it will
be found: that the Number of turns do not increafe in fo great a pro-

portion as the capacity of the Receiver does. What that proportion is,
by which the Number of turns is truly increafed, as the capacity of the,

Receiver becomes bigger, may be feen by the fecond Table. Whofe firft.
Column expreffes the proportion of the Receiver to the Barrel as the fecond.
does the proportion of the true Number of turns to thofe fec down in
the firft Table. The ufe of it will be more clearly underftood by an.
Example or two. Letus fuppofe the capacity of the Receiver tobe 10
times greater than the capacity of the Barrel and that we would find how
many turns are requifite to rarefie the Air under fuch a Receiver 100
times more than it is naturally rarefied. By the firft Table we find (as
was faid above) that if the Receiver were equal to the Barrel the Number.
of turns would be 6,644. But the Receiver is 10 tumes greater. Find
therefore the Number 10 in the firlt Column of the fecond Table, and
over againft it you will fee the Number 7,273 in the fecond Column of
the fame Table, by which you perceive that as the Receiver is increafed

in a Decuple proportion, the Number of turns are increafed not fo much,

but only ina fomewhat more than Septuple proportion. Therefore the
true Number of turns will be found by multiplying the Number 6,644
by the Number 7,273 and will confequently be 48, 322. So if it were
defired to find the Number of turns of the Pump, which muft be made,
to rarefie the Air 10 Thoufand times above its natural State, in a Re-
ceiver which is 5o times bigger than the capacity of the Barrel: over
againft 1oooo in the firlt Table I find 13,288 and over againft 50, in the
fecond Table, I find 35,003 which multiplyed tn[f’ether make 465,12 ;
This therefore is the Number of turns requifire for the purpofe. You
need not be folicitous about the Frattions which are above any certain
whole Number of turns. They do not mean, that the Handle of the
Pump is to be moved jultly fucK

for f[)rickrly fpeaking it need not be moved altogether, fo much. But

the difference-is inconfiderable, and it would be a lofs of time to infift

more particularly about it.. It was neceffary to fet down the Frattions
in the Tables that no whole Number of turns might be loft in the Pro-.
du&, when you come to multiply ’em together; but when you have

found the Produét, the Frations belonging to it need not be confidered.
In

a part of a turn as they feem to denote;
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I making thefe Tables, that they might not be too large, T have as you
fee omitted feveral intermediate Numbers, However, they are fufficient
“for the purpnfe for which I defign’d em ; which was to give you cleaver
Notions. of the Operation of our Engin. I fhould here explan to you
the grounds upon which they were computed; but I fear the difficulty
of IE:O Subjeét would not permit me to be generally underftood. I fhal!
therefore omit the doing of it, and only obferve to you of the firkt
Table, that if you take any Numbers in the firlt Column which are ina
Geometrical Progreflion, the correfpondent Numbers of the fecond Co-
| Jumn will be in Arithmetical Progreflion. It may alfo be obferved of the
| fecond Table that the difproportion of the correfpondent Numbers does
' continually increale from the beginning  to the end, how far fo ever

be continued, but yet does never exceed the difproportion of 13 to 9.
. 'Tistime now that we proceed to the Cmﬁ:nier. This Inftrument
will not require much to be faid concerning it. When T affert that equal
Quantities of Air, namely, as much as the Barrel can naturally contain,
are intruded into the Receiver at each ftroke of the Forcer: the thing is
fo very obvious that T believe I need not go about to prove it. For
you cannot but calily underftand, that as the Embolus or Forcer is drawn
upwards from the bottom of the Barrel, there is a vacuity left behind ir,
nﬁw fuch time as it comes to get above the little Hole which is made in
the fide of the Barrel towards the top of it. For then the external Air
1s permitted to pafs freely through that Hole into the aforefaid void Space,
mf confequently the Barrel wiﬁ then have as much Air in it a5 it can
maturally contain. And as the Forcer is moved downwards this Air is
comprefs’d, and by compreflion is more and more condens’d till at !fn,frl:g
the force of its Elafticity becomes greater than the Elaftick force of that
avhich 1s contain’d within the Receiver, and therebwfr it will open the Valve
and make way for it’s felf to enter totally into the Receiver asit is con-
tinually pufh’d forwards by the defcending Embolus. Since then the
Quantities intruded at each ftroke of the Forcer are equal, it manifeftly ap-
pears that the Quantities in the Receiver and confequently the degrees of
Condenfation do increafe in an Arithmetical Progreflion. Let us now
examine by what fteps the Quickfilver in the Gage advances at each ftroke.
Whar I 11)1'311 endeavour to prove as to this matter 15 this : that as the
uickfilver is moved mearEs in the Gage upon every fucceflive ftroke
the Forcer, the Spacesat the end of the Gage, which are yer left free
from the Quickfilver, do decreafe in 'a Mufical Progreflion. But in the
firft plice it may not be amifs to exphkin in fome meafure the nature of
Mufical Pr 1ons, fince thefe are not generally fo well underftood as
thofe which 'we call Arichmetical and Geometrical Progreflions.  In order
to do this, I' fhall propofe an Inftance which firlt gave occafion for the
Name, « 'Tis a thing well known among Muficians, if three Chords
E or
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or Stringsy in all other refpe@s alike, be of different lengths, and thole
]mgths be to each other in pmpurtinn as the Numbers 6, 4 and 3, that
the Sounds of thofe Strings will exprefs the principal and moft perfeft of
the Mufical Concords, namely, and Eight a Fifth and a Fourth. Thus
the Sound of the laft will be an O&ave to the Sound of the firft, and
the Sound of the fecond a Fifth to the Sound of the firft, and the Sound
of the laft a Fourth to the Sound of the fecond. Hence thefe Numbers
6, 4 and 3, which exprefs the Proportions of thofe Mufical Strings were
faid not improperly to be in a Mufical Progreflion. Now it was eafy to
be obferved that thefe Numbers were reciprocally proportionable to three
other Numbers refpectively, viz. 2,3 and 4 wﬁicf;x were in Arithmetical
Progreflion ; and thence it came to pafs, thatany other Series of Numbers
was {aid to be in a2 Mufical Prngre[%on which had the fame proper
being recipmcailly proportionable to a Series of Numbers in Arichmetis
Progreflion. That thercfore is a Series of Mufical proportionals which is.
reciprocal to another Series of Arithmetical proportionals.  But befides
this, you may obferve another property belonging to the above mention’d
Numbers 6, 4 and 3 wiz. That the Firft is to the Third as the difference
of the Firft and Second is to the difference of the Second and Third. And
this property does equally belong to all other Numbers, which are reci
procally as a Series in Arithmetical Progreflion, that is, toall other Num<&
bers which are in 2 Mufical Progreffion. Hence if any two fucceeding
Terms be given, the Third may be found by dividing the Product of the
Firft and Second by the difference which arifes in Subftraéting the Second
from the double of the Firft. Thusin the Progreflion 6, 4, and 3 thi
Product of the firft and fecond Terms 6 and 4 15 24, and the difference |
which arifes by fubftracting the fecond Term ( 4) from the double of
the firft (12) 1s 8 and theQuotiecnt which emerges by dividing the P
duct (24) by the difference (8) is 3 the third Term in the Progreffion
required. I fhall now go on to fhew that the Spaces unpoffefs’d by the
Quickfilver at the end of the Gage do decreafe in fuch a Mufical Pro=
greffion. It muft be obferved therefore, that the Quickfilver of the Gage
15 contiguous on one fide to the Air within the Receiverand on the other
fide to the Air which is fhut up at the end of the Gage, and the Den=
fity of the Air in both Places is equal. For were the Denfity of the
Air in the Receiver greater than the Denfity of the Airat the end of the
Gage ; its Elaftick Force would alfo be greater, and by thar Excefs of Force
the Quickfilver would be moved on further towards the end of the Gage, till
the Forces and conlequently -the Denfities became equal. Afterithe fame
manner if the Denfity of the Air at the end of the Gage were gteater than
the Denfity of the Air within the Receiver; the Quickfilver would be
moved backwards. from the end of the Gage, till the Denfities became
equal. . It is manifeft therefore that the Denficies are equal on: both pahr;

W
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when the Quickfilver in the Gage is at reft. Therefore fince the Den-
fity of the Air in the Recetver upon every {ucceflive ftroke of the Forcer
was increafed in Arithmetical Progreffion, it follows that the Denfity of
the Air at the end of the Gage is likewife increafed in the fame Arithme-
tical Progreflion. But the Space which that Air poflefles 1s diminifhed in
the fame proportion by which the Denfity is increafed, or in other words,
the Spaces are reciprocally as the Denfities: therefore the Spaces are reci-
procally as a Series of Terms in Arithmetical Progreflion, which is the
fame thing as to fay, the Spaces are ina Mufical Progreffion. And this
conclufion we found alfo to agree with our Experiments.

A Second Enquiry into the State of the Atmofphere.

BEF oRrE I conclude it may not be amifs in this Place to make our En-
1D quiries once more concerning the State of the Atmofphere, and the
different degrees by which the Air is rarified at different Altitudes above
the Surface of the Earth. You remember it was proved in the foregoing
Week, that the Denfity of the Air was diminithed in a Geometrical
Progreffion as the Altitude of it was increafed inan Arithmetical Progre{-
fion, The truth of that Rule depends upon this Suppofition, that the
Gravity of Bodies is the fame at all dil'r;ces from the Centre of the
Earth.” But it has been proved and put beyond difpute by Sir Jfaac
Newton in his Principia; that the Gravity of Bodies is not exaltly the
fame at all diftances from the Centre, but is diminifhed as the digmce
increafes, fo that the Quantity of it is always reciprocally proportionable
to the Square of the diftance. From hence 1t eaEly appears that when
the Altitude of the Air above the Surface of the Earth is very great
and very confiderable in refpect of the Earth’s Semidiameter, the Ruie
which I formerly gave you will be far from being true ; but if the Al-
titude be fmall and inconfiderable (as the Altitudes of our higheft Moun-
tains muftbe confefs’d tobe) it will ftill be {ufficiently exatt, and as fuch
it is propofed by Dr. Hulley in the Philofophical ‘T'ranfa&ions, and by
Dr. Grégory in his Aftronomy, and generally received by others without
any exceptions. However, 1t may be worth our while to fee what con=
fequences will arife upon the truer Hypothelis which fuppofes (as I faid
above ) the Gravity of Bodies to be diminifhed in the fame proportion
by which the Square of their diftance from the Centre of the Earth is
dincreafed. . In treating of this matter T fear T fhall not be generally un-
derftood, yer I hope I fhall make the thing as ealy as the nature of it
will: permit, (Fig.-15.) Let € reprefent the Centre of the Earth, CA its
Semidiameter, 4B a part of its Surface, and let the Line CAD be E;rcduced

‘up to the extremity of the Atmolfphere. In this Line imaging the Points
F 2 D}E}F
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D, E,F to be placed infinitely near to cach othery and take a5 miany: ¢
ther Points d, &, f in fuch a manner that the diftances dC, ¢ €, f€ fhal 1
reciprocally proportionable to the diftances DC, EC, FC refpectively, o
in fuch manner that the diftances dC, eC, fC f{hall be lefs than the Semi
diameter .4C in the fame proportion by which the refpective diftanee
D€, EC, FC are greater than the fame Semidiameter : the diftances of th
leffer Letters from the Centre being diminifhed in the fame proportion b
which the diftances of the correfponding greater Letters from the Centy
are increafed. Upon the Points ﬁ,a‘:e, f erect the Perpendiculars 48, dp, eq
fry and fuppofe the length of thele Perpendiculars to be proporliomﬁ;:;
the Denfity of the Air in 4, D, E, F refpetively o that the Denficy of
the Airat .4 [hall be reprefented by the Perpendicular 4B, the Denfity of
the Air at D by the Perpendicular:dp, the Denfiry at. E by the Perpen
dicular ¢4, and the denfity at Fby fr. This being done, I am now t¢
rove, that if the diftances CF, CE, CD: be tken mn a Mufical Progrels
on and confequently the diftances Cfy €e, Cd, be in an Arithi ‘ﬂ-
Progreflion as being reciprocally Erm1:»0r'ci{:m:;i:ule to the former diftances
the Perpendiculars fry egy dp, and confequently the Denfities of the Af
in the places F, E, D' which are analogous to the Perpendiculars: will be i
a Geometrical Progreflion. In the ﬁ?g place then becaufe the diftances o
the leffer-Letters ﬁ%::m the Centre are reciprocally as the diftances of theil
correfpondent greater Letrers from the fame, it is ‘manifeft that €4 is to
Ceas CE is to CD, and confequently the difference of Cd and Ce is to
the difference of CE and CD as Ce to C D, or (becaufe the Points E and D
are fuppofed to be infinitely near to each other) as Ce to CE or (becaul
Ce 15 lefs than CAin the fame proportion by which CE is greater than
€4, and confequently Cey €4 and CE are continual proportionals)
CAg is to CEq. It is evident then, that de (the difference of Cd ant
Ce) is to DE ( the difference of CE and CD) as C.Aq is to CEg
Therefore if the diftance CE remain unaltered and confequently ‘the pro:
portion of €44 to CEq remain unaltered, the proportion of de to D
will alfo remain unaltered, and confequently d¢ will be as DE, that is
de will be increaled and diminifhed in the fame proportion with DE,
But if DE remain unaltered, becaufe it is always greater than de in. the
proportion by which CEq is greater than C.44, it follows that de muf
neceflarily be diminifh’d in the fame proportion by which CEg is in
creafed, and increafed in the fame proportion, by which CEg¢ isdiminifhed
or in other words it muft always of neceflity be reciprocally as CEg
‘whence it follows, that if ncither DE nor CE remain unaltered, de wi
be as DE dire@ly and as CE g reciprocally. But the Bulk of Air be
tween the places D and E is as DE, and the gravity -of ‘the fame is re=
ciprocally as the Square of CE it's diftance from the Centré: therefore

de is as the Bulk and Graviration together of the fame; and confeque '

.'
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ly fince eq is as its Denfity the Produ@ of de and eq orthe Areadegp
will be as the Produ& of its Denfity, Bulk, and Gravitation, that 1s, as
its Force to comprefs the inferior Awr. And the fum of all fuch Areas
below dp will be as the fum of fuch Forces of all the Air gbove D, that
is, as dp the Denfity of the Air at D, for you know the Denfity of the
Air is always as the Force which comprefles it.  Since the Perpendicular
dp is as the fum of all the little Areas below its felf and the Perpendicular
e g, for the fame reafon, is as the fum of all below its felf': it fuljfows, that
the differénce of eq and dp is ‘as the difference of thofe Sums, which
difference is the Area eqpd. Thus far then we have proceeded, we have
found that the difference of the Perpendiculars ¢4 and dp is as the Arca
eqpd cemprehended by thofe Perpendiculars. Ler us now fuppofe the
dil{ance_s CF, CE, CD, and fo on, to be taken in a Mufical Progreflion
and then (as was faid above) the diftances Cf, Ce, Cd, and fo on, will
be jin an Arithmetical Progreflion, and thercfore all the Intervals de, ef
will be equal and confequently’ the Arcas egpd which have thofe equal
Intervals ?ﬂr their Bafes will be as their Altitudes e 9. Hence the diffe-
rence of e g and dp which was as the Area sqfd will be as eq and confe-
quently dp will be as eq. In other words, the two Perpendiculars which
terminate the little Area included between them do every where bear the
fame’ given proportion to each other. ' Therefore the proportion of fr to
eq is the fame with the proportion of ¢4 to dp, and confequently the
Perpendiculars fr, eg, ufp, and fo on, are in a Geometrical Progreffion.
But thele Perpendiculars exprefs the Denfities of the Airat the pll;nceﬁ Fy
E, D, and fo onwards. Therefore thofe Penfities are alfo ina Geometri-
cal Progreflion, which was the thing to be proved. To proceed further:
fince Cd isto C.A as CA is to CD, it follows that A4d is to AD as
C.A to CD, or in other words that A4d is lefs than 4D in the fame pro-
portion by which the Semidiameter of the Earth is lefs than the diftance
of the Point D frem the Centre ; confequently to find the length of .44
we muft diminith the Altitude 4D in the proportion of the Semedia-
meter of the Earth to the fum of the Semidiameter and the Altitude, for
which reafon I fhall call 44 the diminifh’d Altitude of the Point D, and
upon; the fame account Ae may be call’d the diminifh’d Altitude of the
Point E; and .Af the diminifh’d: Alutude of the Point F; and fo if A
be the Point which correfponds as above to the Point H, 4h will be the
diminifh’d Altitude of the Point H. Now ’tis eafy to obferve that as
the diftances Cd, Ce, Cf are in Arithmetical ngrr:l%on, fo are alfo the
diminifh’d Altitudes .4d, Ae, Af. And from hence there arifes this
Theorem. That if the diminifh’d Altitudes be taken in Arithmetical Pro-
¥eﬂicn the Denfities of the Air will be in a Geometrical Progreflion,
herefore if the Rarity of the Air at any one Altitude, fuppofe at A,
be known, you may eafily enough find its Rarity at any mEcr Altitude
G {fuppofe
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fuppefe at D. For as the diminifh'd Altitude of thePoint H is to the di- |
munifh’d Altitude of the Point D, fo will be the Logarithm of the Air’s
Rarity at A which is fuppofed to be known, to the : ithm of
the Airs Rarity at D which was to be found. The whole difficulty of
the bufine(s is therefore reduc’d to this: to find the Rarity of the Air at
{ome one Altitude as at H. This may be doneas I formerly fhew’d you
by carrying the Barometer to the top of {fome very high Mountain and
obferving the defcent of the Quickfilver. Such were the Experiments
made upon the Puy de Domme in France, and Swowden Hill in Wales, =
which 1 made ufe “of the laft Week when I difcours’d of this Subje&.
But the Method T fhallnew defcribe to you is more expeditious and de-
pends upon the Experiment which we made this Day. Itappeares (asI
faid ) by many fuch Experiments compar'd together, that the weight of
Air is to the weight of Water as 1 to about 850. Therefore a Co-
lumn of Air whofe heightis 850 Inches or 7o Feet and 10 Inches will be
equal in weight to a Column of Water upon the fame Bafis whofe height
is 1 Inch. Let us fuppofe that 4 H the height of the Point A above
the Surface of the Earth is 70 Feet and 10 Inches; then becaufe the #
Standard height of Water in the Pafcalian Tube is 34 Feet or 408 Inches,
and this height of Water is a Ballance to the Preflure of the whole At- ,
mofphere upon the Surface of the Earth, ‘tis manifeft that the weight of i]
the whole Column of Air, which is {uperiour to the Point 4, is equal
to the weight of a Column of Water upon the fame Bafis whofe heighe
is 34 Feet or 408 Inches. Take from the weight of the whole Column
of Air the weight of that part of the Column which reaches from 4
up to H, and which was fhewn to be equal to one Inch of Water; and
the weight of the remaining part of the Column which is above the
the Point H will be equal to the weight of 407 Inches of Water. There=
fore the Force with which the Air at 4 is comprefs’d is to the Force
with which the Air at H is comprefs’das 408 to 407, and the Rarity of &
the Air at A is to the Rarity of the Air at 4 in the fame ortion.
You may perceive that this Method fuppofes the Air to be of the fame
Denfity in every part of the Space 4H, which is not exally true; but
in {o fmall an Altitude as that of 70 Feet the Error is altogether infen-
ible. However if you have a mind to proceed with the utmoft accura-

¢y> you may do fo, by making the Altitude as fmall as you pleafe.










