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A Difcourfe concerning the Air’s Gravity, obfervd in
1he Barolcope, occafioned by that of Dr. Garden;
prefented tothe Phil. Soc. of Oxford, by the reve-
rend Dr. Wallis, Prefidentof that Society. April,
14, 1685,

“H E Di{coutfe of Dr Garden (read at our laft meet-
 ing, ) concerning the different ftate of the i,
in refpectofics different gravity, hathinita greatdeal
of very ingenious fpeculation. And whatIthen faid to
ir,upon thefirlt reading of it,and what I am now faying a-
gain to the fame purpofe, 1s not to contradi&t it, or de-
tra¢tfrom it, butto add toit; asa notion which I have
long fince confidered; and judge it capable of further
improvement.

The notion of the #7's weight and fpring, hath been
fo well fettled, by innumerable Experiments of this
prefent Age s that hardly any confidering Perfon doth
now doubt ofit.

And it hath chafed away from before it, the noticn
of fuga vacui, tormerly received ; by fhewing usan ef-
ficient caule, of those effets, tor which before we could
onely pretend to a Final caufe.

The firft occafion (that we know of,) of introducingit,
was, from Galileo's difcovery, that water, by Pumping,

was pot to beraifed higher then about three or fourand

thirty foot (or not much more,) of our Engli/b meafure,
Which was a certain argument, that the caufe of

thofe effe@s (commonly afcribed to Fuga Vacui,) wasbut

ota finite ftrength : whereas, if natures fhunning a Va-

cuity had been the true caufe, it was to have operated
without ftint.

Where upon this Lyncean Philsfopher (ashe was called,)
did, out ofhis great fagacity, guefs happily at the coun-
ter-
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ter-ballance of the Air's weight, as the true caufe. And
that theieiore 4, which wasbefore thought to be a
light body, wasbut comparatively o, and had indeed
a pofitive gravity, though lefs then that of other bodys
which we are converfant with.

- This notion, washappily purfued by /a Succeffor of
Galileo,) Torricellio; who did rationally argue; that, if the
Air's counterpois was fuflicient to raife and {uftain water
at that height, and but to that height; then muftit be
a juft counterpois to a lighter Liquor at a greater height.
but, toabeavier Liquor, at a leffer height, And mak-
ing aneflay thereof in Quick-Silver, found it to {fucceed
accordingly : and, in a juft proportion to the refpetive
gravities of thofe fluids. '

And he hath, by this means, made the experiment
(commonly called the Torricellian experiment,) much
more manageable with Quick-Silver (in Veflels of about
29 Inches, Engli/b meafure,)then before it was, with wa-
ter, inmuch taller Veflels.

In purfuance of this notion, we find, by feveral forts
of Barofcopes (or weight-wifers,) not only that the #r
hath gravity, buat thatit hatha different gravity, atdif-
ferenttimes and places; according as its counterpois is
able to {ultain Quick-Silver at different heights: fome-
times a little lower then 28 Inches, fometimesa little
higher then 30 Inches, and at other times at fome mid-
dlehightbetween thefe, here withus. Which different
weightof the £, or Atma/f’jzbe‘re, may reafonably be fup-
pofed, partly to proceed trom, and partly (as Dr. Gar-
den well intimates,, to give occafionof difference in the
weather and winds.

The particulars of his difcoutfe {having not the Paper
with me, and having but heard itonce read,) I may pof-
fibly mif-remember. But, as to the'main dnif't of it, (be-

ing a notion not wholy rew to me,) I think 1 do not mii-
take.

Cc3 That
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That there is, in our 4ir, a body more fubtle then are
the Fumes and Vapours mingled with it, in our lower re-
gion, and which withitdo make up that heterogeneous
mixture which we commonly call #ir; 1 think to be very
certain. But whether that fubtile body, be (as Dr. Gar-
den {eems to {uppofe,) much heavier, then our common
A7r; ITmuchdoubt.” And dorather think it is not; not
having hitherto obferved any cogent experiment, either
to prove it heavy, or claftick. Butit may, for ought I
know , be void as well of weight as {pring : and,
what we find of either, inour common r, may be at-
tributed to the other mixtures with it,

Iknow that this notion ( ofthe greater weight of that
fubtler matter,) hath, by fome, been made ufe of, to
folve that (furprifing,)experiment of Quick-Silver (well
clenfed of 4r,) being fuftained in a Tube inverted (after
the manner of the Torricellian experiment,) at a much
greater hight then the ufual ftandard (of 28, 29, or 3o,
Inches, evento the heightof 40, 50, 60, oreven 7o, In-
ches; being fteadyly managed, and with great care. But
I confefsI am not {fatisfied with thatreafon: and think
that it may better be accounted for otherwife , orelfewe
are yet to feek for the true caufe of it.

But we have noneed of this particular notion, in the
prefentdifcourfe,and therefore need notbe here folicitous
about it : and fhall therefore proceed withoutit.

The A'r being, ashathbeen faid, ofa different gravi-
ty, in‘different times and places, (arifing I fuppofe,
from the different kinds and quantities of the Fumes and
Vapours and other particles which are ingredientsinit,
and the different force of the Suns heat acting thereupon,
increafing or allaying the {pring thereof, and otherwife,)
we are therefore to confider of the 4r as a fluid who's
parts are in fome ?laces heavier, and others lighter. And
therefore much of a like nature as if they were different

fluids, of different fpecifick gravities (as the word is Cxllow
a-days
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a-days,) or (as it was wont to be called, and, I thinks
better,) Intenfive gravity, one from the other: (as, when
we fay, an Ounce of Lead, is intenfively, though not Ex-
tenfively, heavier then a Pound of Cork.)

Now when feveral fluids, or feveral parts ofa fluid,are
thus of different, weights s-they will (from the general
nature of heavy fluids,) when undifturbed, change places

-with one another, till the heavier becomes loweft and
the lighter higheft.

And this, not onely as to the minuter parts; as isob-
ferved in Chymical .precipitations, or the-ﬁpnking of Sand
in water, orits {maller earthy particles which fubfide
in a muddy fediment, and the like of other Liquors when
at reft, and the atoms (as they were wont to be called,)
flying.in the A:r when difturbed, but fubfiding in the
form of duft whenat reft. All which according-as they
be{mallerdo (Ceterss Paribus,) {ubfide more tlowly (as
duftflower then a clod of Earth, and Filings of Go/d {lo-
wer then a lump of it, and thin Plates of Lead layd hori-
zontally, then either a round Bullet of the fame weight,
or thofe Plates in a contrary pofition fet edgewife,)and
ought by ftatick principles (asis eafily demonfirable,) fo
to do.But, much more, asto larger parcels. As when Oyl,
Wine,Water,Beer, or other the like Liquors,are put toge-
ther in the fame Veflel;as will be obfervable to the Ey, e-
Ipecially 'when their colours are confiderably-different.
~ Thus, if a Bucket of Water, be haftily taken out ofa
Pond, or alarge Veflel full ot it, the vacant place will bé
prefently fupplyed with 47 (as the nimbler fluid,)& then
with Water flowing (by a declivity,) from the higher
parts,and (becaufe heavyer,)thrafting out the' £7 ¢which
had prepoflefld the fplac:e,') till it come to a‘due Equipois.

And the fame (from a like reafon,) muft happen, if
fome parts ot the fame Liquor, do accidentally acquire
(by expanfion or othetwife,) a greater degree of lightnefs
then the other parts; thofe lightsed paris afcending,

iae
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the heavyer fubfide. As when Water, Beer, or other
thin fluids, be gradually heated by a fire underneath ;
the lower parts, being firft warmed, afcending to the
top, while the colder and heavyer fubfide; whence we
find, in fuch cafes that Bubbles do arife,and thatar the
top is warmer then that at the bottom. Butin cafe what
is warmed, be of a thicker confiftence, fo as that the
parts cannot readily thift places, thatat the bottom will
be hotter ; and “in cafe 1t be heated by fire over it, there
will (1 {uppole,) be not fuch bubbling (or not fo much of
it,) that at the top being firft heated.

From {uch confiderationas this, Dr. Garden doth well
obferve, that fome parts of the 4:r being thus (by rare-
fa&ion, orincreafing the {fpring thereof, or otherwife,)
become lighter then others; thefe heavyer parts, rufhing
into the placesof thofe lighter, may caufe a wiad as from
fuch parts; (inlike manner as, on a like occafion, a Tyde
or Current would arife in water; ) and other accidents
ofalike nature. And contrarywife, on a contrary oc-
“calion.
 And thisI take to be very true, (though fuch accidents
happening very varioufly and uncertainly, will caule
fuch contufion of motions, and difturbance of each o-
ther, that it will be hard to reduce themto a regularad-
juftment.)

But I add thereunto, thatthe Earths diurnal motion,
compounded with its annual, (if we admit that hypo-
thefis, as moft do now a-days,) the one in {fome parts ac-
celerating, inothersretarding theother; and itsdifle-
rence in different times of the year, (by reafon ofthe
obliquity of the Jodiack to the Equinoétial,) and in diffe-
rent times of the month (becaufe of the Moons different
pofition, which is an Appendance to the Earths motioa,
and doth thereby differently affect it,) and according to
the different place of the Earth and Moon, as to the A-
phelion or Perihelion of the ore, and the Apogzum or

Perigzum
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perigzum of the other: feem to me to be of much grea-
ter confideration, not only as to the Ebbing and Flowing
of the Sea, (which I take to depend principally thereon,
‘but to be varioully modified alfo by the various pofitions
of the continent on which it beats,)- but as to the Winds
alfo: efpecially the briezes and Trade-Winds; which at
certain times of the day, oroftheyear, or of the month,
are obferved to blow conftantly(or moft frequently,)from
fuch or fuch a Coatt. :

And Iam notfure, thatthe body of Earthand Water
(or Terraqueous Globe,) is exactly {pherical(allowing onely
for the fmall inequalitiesof Hillsand Dales, which ina
body of that greatnefs,are inconfiderable,) but may have
fomewhat of an oblong fpheroeid, having a longer Axis
from Pole to Pole, then at the Equator. And though
this cannot be much ; becaufeof the Earths thadow 1n

‘the Moons Eclipfe appearing circular, and the defcent
of heavy bodys being always (asto fenfe,) in a perpendi-
cular to the Horsgon : yet, if it be but little, this (with the
‘compound motions before mentioned,) will give the Air
a confiderable difturbance.

Towhich I may add alfo, that we are not fure, that

the Seas and continents (which are of very different com-
arative weights, Earthbeing heavyer then Water,) are
o adequately adjufted the one to the other, as thatits
center of gravity(by which a plain pafling dividesit into
parts zquiponderant,) is the {fame with its center of Mag-
nitude (by whichitis divided into parts equally great,)
which if it happen to be otherwife, will (with theref,)
make the confufions of the 4r's motions yet greater.
From the comparative weightor lightne(s of the .4ir at
different times, he deduceth alfothe rifing or falling of
Vapours in it. As if, when fuch Fumes or Vapours, or
other the like matters, are lighter then the Air, they
ought (according to theexac rules of Hydro ftaticks,) to
afcend therein; but, when heavyer then fo, tg fall
owi.
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down. And this certainly (¢ezeris Paribus,) is to be ad-
mitted alfo. ‘ o

Ounely I add thereto; that thefe ftatick principles do
cheifly take place, when things are otherwife atreft and
quict. But when they are in commotiop, it is many
times ‘much otherwife. And, in fuch cafes, we muft,
befide the refpective gravity, take into confidesation, the
force, impulfe, orimpetus, that isfuperadded to there-
{pettive gravity of the partsor matter.

Thus, 1f a Bottle be fhaken, the fediment at the bot-
tom, (though heavyer, and for which caufeitdid before
{ubfide,) will be mingled with the fupernatant (finer and
lighter,) Liquor. And, if a room be fwept, it will (aswe
ufe to fpeak,) make a dufk: that is, the {mall Earthy
particles of duft, will rife and mingle with the 47 : not
becaufe they be lighter then it, (for we fee that, at lea-
fare, they will {fubfide again,) but becaufe, by a force
upon them, they be put into motjon. Soin a Jetty of
Water (in artificial Water-Works,) the water is thrown
up into the 47 to a great height ; not becaufe it fo be-
comes lighter then the 47, but becaufe of the force im-
prefled. (To fay nothing of a Bullet, fhot ypward into
the £ir,) And Bottled Ale, when opened, flyes mapy
times upward tea greathight; and fometimes blows up
the Cork, to releale it felf from confinement. And, in
the late Fire of Louden, not Papersonly, but other things
of'greater weight, were mountedinto the 42, and there
carried aloft for many miles, and fo taken vp ay more
then Twenty miles diftance. .

And this I take to be the canfe of Fumes, Vapours; and
other like matters (moft of them,)which afcend.in the 7,
xnet becaunle lighter then it;but becaufe impelled upward
eutaf the bowels of the Earth, or trom the fuperficial
parts of it, either by fome fubterraneal heats or other
ferments that put them into-motion, and force them up-

ward ; where they remain fufpended in the 47, {folong
as
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asthat force continues, or the force of othersfent after
them on the like errand (which rather impells them far-
ther, then gives them leave to fall,) till either fuch force
abate, or-the greatweight of {o many things fufpended,
doth ‘overpower, not only the 4ir’s weight, but the
ftrength of that, thatimpelled them.

And that there are {uch Fumes and other like matter
F_roja&ed upwards, from the Bowels of the Earth, and
ome of them with great violence, is undeniable, not
onely from Earthquakes, and other eruptions (with great
noifes,) as well of Vapours, as of Burning Mountains ;
buteven Poifonous Steams (and others,) in Mines, and
Bubbling fprings (where Bubbles of 47 are feen to make
their paflage through the Water,)and other perfpirations
of Air or Vapour threugh cranies or fiall paflages of
the Earth, difcoverable by Steams (whereof {ome will
take fire at the light of a Candle,) or by the moving of
Leaves and other light thingslaid on the mouths of {uch
private paffages, and by many other means. And to
fuch caufes I do principally attribute the Origine of
Winds, and the afcent of moft other things, which, from
this lower World, mount into the 4r. And, without
this, the comparative gravity of the 4ir and them,would
give usbuta lame account of them.

‘Thete is yet another notion fuggefted, which is alfo
very confiderable as to this affair: whichis, the weaken-
ing orftrengthening the fpring of the 4r. That Water
hath (of 1t felf,) nothing of {pring or Elafticity (other-
wife then by reafon of fome A7y parts, orother elaftick
bodys, which may be included within it,) is generally
held ; atleaft none confiderable, fuch asby any experi-
meants hitherto made , can be clearly evinced {o to
be. '

Bat, that the Air (fuch A#r at left asis thecommon
Air which we are converfant with,) is Blafrick; is, I
think, out of doubt: the exp‘erhaxcnts which prove

Dda2 its
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its fpring, being fo many and evident, beyond excep
tion.

And, that this {pring of the .47r, is fome times ftronger;
and fometimes weaker, I thinkis undoubtedalfo. And,
that the {pring of the A, is firengthened both by com-
preffion, and by heat, butin adifferent manner. ,

1f the fame quantity of 47 be comprefled into a lefler
room, the{pring iscertainly ftronger. Asis undoubted-
Iy feen in the Wind-Gun, and other compreflive En-
gines. And from hence itis, that 4r, of the common
texture with the external or open £r, if it be (retaining
its own texture, ) included in a clofe Veflel (asin the Air-
Pump,) whereby it isexcluded from communication with
theexternal 47, and defended from the preflure of it,
doth yet fuftain Quick-Silver i a Tube. (after the Torri-
¢ellian manner,) at as-great anhight, asthe open Air by
its counterpois would have done. Which cannot be by
its weight (which, in this caufe, is but {mall; and not e-
qual to that ofacylinder thereof contained to-the height
of the Atmofphere ; ) but by its{pring.only; which is now
preffed to as grear a degree as it was inthe open ir (by
fuchweight as was then incumbent on it,). or would be
now, if {o again expofed. (Like asthat of a Fleece of
Waooll would be, if confined to the fame dimenfionsit
had, when a great pile of Fleeces was incumbent on i)
But if fome of this 4 {o included (in the Aér-Pump or
{uch other clofe Veflels,) be Pumped out, whereby the
refidue thereof hath a greater room to poffefs then before
ithad; (namely, as much asbefore the whole of it did pof-
{efs,) the inqk-&lverwﬂlprefentlyfubﬁde,‘-'bec,auie’ the
fpring of the 47z which did before fuftain it, is now (by
expanfion,) become weaker.. -

Again; the fame quantityof included £/ ina clofe:
Veflel ({fo as not te commnaicate with the external Air,)
will,by application of heat.to it, haveits{pring firength-
ened,, and. drive: its coanterpois- farther off or (if.nged

<
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be,) coinprels it.  As isto be feen in Thermofeopes of all
forts.

Whether, by ftrengthening the #r's {pring (in that:
difcourfe,) he means that of the former or the latter way,
I do not well remember.. Nor, whether he apply it to
the increafing,. or diminifhing, of its intenfive weight.
But it may be reafonably accommodated either
way. _

i the fpring be ftrengthened by compreflion; it is:
manifelt that the intenfive gravity muft be thereby in-
creafed : becaufe the fame quantity of 4, and confe-
quently of weight, extenfively taken, is now contracted:
into a lefler room, which therefore muft be intenfively
heavyer, (asbeing the fameweight in a leffer bulk:)Now
this may poflibly, as a greater preffure or ftronger fpring,
force up the Vapours under it with a greater émpetus (ac-
cording to the notion I mentioned before,) and fo make
them fly higher : (unlefs we fhould fuppofe, it may be re-
lieved,by thortening theheight of the Atmofphere:but not
fo'as tomake them lighter ; but rather the contrary, as:
prefling them clofer : much lets to make them (asthe
phrafe is,) fpecifically lighter then is the ir it felf
(though thus comprefled,) and it leaves lefs room to re-
ceive them between the particles of the comprefled
«ir ,-as being now thruft clofer together.

Ifthedpring be ftrengthened the other way 5 fo.as by’
heat itufeth to be: tlis doth rather diminifh itsinten-
five gravity, by thrufting its parts further afunder, and:
fo poflefling a largerroom. Now in cafe this-4ir be, by
a clofe Veflel, confined fo.as not. to expand upward ; it
will certainly prefs the harder on the ftagnant Quick-Si/--
ver under, and make thatin the Tube rife higher: But-
in cafe it be unconfined, as in the open 4ir,. it may as-
well relieve it felf upward, by making the Atmo/phere,. in.
this part fo much higher.. '

Nor js. there any neceflity, as to the fubjacent parts;

. 3 thaw
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that the A¢mofphere fhould be every where of the fame
height. But thelaws of Staticks, as to the fubjacent parts,
be equally preferved without it, (the greater altitude
compenfating for the levity of the parts;) as when a Por-
tion of the §ew, is covered with a Fleetof Shps; the
under parts areequally prefled,partly by water,and part-
ly by§hips, though the tops of the Ships over fomeparts
be higher then the furface of the water over others. One-
ly, infuch cafe, the upper partof the A¢tmofphere, being
fluid, may flow collaterally over the other parts on
either fide iflower. And fo, atleifure, (ifthus remain-
ing, otherwife indifturbed,) reduce it felf to an equal
heightinall parts. Like as the Sea would do, ina per-
fect calm, though otherwife its waves and billows are
far from being in all places perfectly plain and e-
ven.
But however, though the fpring fortified by heat,may
" thus relieve itfelf upward, (yetbecaufe it prefleth every
way,) it muft endeavour the like downward alfo, and
theréby prefs harder onwhat is under it; and becaufeit
will require time to work upward gradually before the
effe@ reach the top of the tmofpheres and becaufe, by
fuch dilatation of its parts, more room is left in the in-
tervals to receive what is forced : 'tis reafonable to be-
lieve, that, in fuch cafes, the prefled vapours ( cateris
paribus,) may rife more copioufly then when the {pring
of the Air (f};r want of heat,) is lefs ftrong. The ra-
ther becaufe the fame heat which thus fortifies the
fpring of the #r, doth alfo rarity the Vapoursand make
them lighter: and may alo fortify the fubterraneal
heat ( or what everelfe itis,) thatdrives them up. Not-
withftanding all which, we have more rains in winter;
which fhould argue, that more Vapoursdo then arife to
{upply them. |

But I fufpe& that, in this whole bufinefs of ftrengthen-

ing the lpring;) there nray bea fallacy putupon us. Ahnd
what
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what we think to be done upon the open 47 ; isindeed
done upon the %i;kgSilver 5 or rather upon the 4ir
latent therein,

My meaning is this. We find that in very hot weather,
and alfoin frofty weather, the Quick-Silver in the tube
commonly ftands very high; from whence we are apt
to conclude, that therefore the outward 4ir prefles
very hard on the ftagnant Quick-Silver, without the tube.
Wherein I am not fatisfyed. |

For weare to confider, that, in filling the Tube with
Quick-Silver before it be inverted, ifgreat care be not
ufed to cleanfeit from £ir, many aery particles will re-
main mixed with it; which, while their {pring is weak,
are eafily prefled by the weight of the Quick-Silver clofe
as hardly to be difcerned otherwife then by the effe® ;
but when,by the external heat, their {pring is ftrengthen-
ed, they expand themfelves, and caufe the Quick-Silver,
wherein they are, tofwell in bulk, without intreaﬁh,g its
weight ; and confequently to ftand higher though not
to prefsheavyer. v

Ofthis T had manifeft experience, when (many years
fince ) J didfor fiveorfix years together conftantly ob-
ferve the height of the Quick-Silver in'the tube, and kept
a regifter of it, and of thé weather withit:and did for two
or three of the firft years obferve,that in very hot weather
the Quick-Silver commonly flood very high. But, for
fome of the latter years, I found it much lower in hot
weather then in thofe former years. Ot which1 fatisfyed
my {elf with this account ; that, in thofe former years,
the Tube having been but Jatel filled, the aery parts re-
maiuning in the Quick-Silver, being by ehe heat expanded,
made the Quick-Silver to fwell and ftand higher: bur,
when the Quick-Silver, by divers years ffanding unmo-
lefted, had by its own weight cleanf{ed it felf, and forced
that #r (which had been in it into the apper partof the
glafs; it now cealed to make the Quick-Stlver fwell

higher,
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higher, but rather ( by expanding it felf in the upper part
of the glafs,)preffed the Quick-Silver downward.And I fuf-
_i)eét, that others (without heeding it,) may have been in
ike manner impofed upon, as I was; efpecially while
theirBaro/cope hath been but newly prepared,and not well
cleanfed of Air.
And the {fame account, perhaps, may ferve forits ftand-
ing fohigh in frofty weather. Water, we know, though
itcontraét with cold, yet when it comes toFrieze doth
expandit felf. (Which makes Icelighter then water, and
to {fwim on thetopofit.) Now whether this be purely of
it felf, or (in part at leaft,) from the particles of ir
lodged imrit, may not perhaps be fo eafy to determine.
However, if there be thelike effe&s on Air, as on water,
(namely,that it expands with Friezing;)or if,in the Quick-
Stlver there be lodged particles of water as well as of Air;
we have, either way, an account of this Phznomenon.
For, then, the fmall particles, whether of Ai7, or water,
lodged in the Quick-Silver, being thus expanded by
friezing, will make the Quick.Silver {well, and fo ftand
higher, without increafing its weight ; and confequently,
without arguing a greater weight of external 47 prefling
on the ftagnant Quick-Silver. |

As Ab-



