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Advertifement.

He Author of the following Pa-

pers. [uppofeth his Readers to

. have learned . either from vhe
Books he bath publifbed , 0r from what barh
been borrowed thence by other Writers , the
Struttnre and more famidiar Ules of 2 Pneu-
matical Enginof bis , mentioned by feveral
Authors under the N ame of Machina
Boyliana. ; with whofe Defcription there-
forethofe are defired 1o acquaint themfelves, -
that [ball -think it worth the while to under-
Jeand as well as read the following Papers ;
Abous which it might be further taken notice
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of , that the f{:ﬂ of themwas indeed wyitten
b0 a Learned Friend (rhough bis N ame be
not now annexed for certain reafons iy pre-
fently after which the Three others were
thought fit to be [ubjoyned. s for the omis-
ing of the Complements and Forms wfual ar
the clofe of Epiftles, the Author diditas

well to [pdre the Reader as himfelf , "who

hopes be may be excufed , if the Tranfitions

fromone Difcour|e roanother , andeventhe

Style and <M ethod of them 5 be not [o
[mooth and repular , in regard the enfuing
Writings were traced 5 when hewas afflicted
with a great fir of Sicknefs 5 that kept him
frome fo much as once veading over bimfelf ,

‘ > wb@ be'bhadindired.
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A DISCOVERY
Of the Admirable R areracTION
O F

(even without,Heat)

Imparted ina LETTER 0 2 Frienp,

250 not imagine, Sir, that I did at all wonder .
% 1o fee you yefternight fo much admite, to
g™ hear me talk with fo much {eeming Extra-
vagancy about the Rarefaition and Conden-
[ation of the Airs for I confefs, thac I did
&4 deliver fomething on that occafion , that
might eafily at firft fight appear fo near
impoffible as to be utterly improbable. ;

And though you were pleas’d evenon fuch an occafion to
exprefs avery favorable Opinion of my Veracity , yet think-
ing it fit, that fuch an Obligation {liould not divert but en-
gage me, toendeavor to juttifie you to your felf, by confirm- -
B ing




New "
Phyfico-
Aechani-
cal Expe-
riments.
E xper. &

Ibidem.
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ing what [{aid to you; I have already fought and found 2=

* mong Papers, many years fince laid afide, fome that will ena-

ble me to make good more than whac the diffidence of my
Memoryallow'd me tofay inthevery boldeft part of my ye-
fternights Difcourfe :  For now that I luckily fiad not only

the Origina's of the Relations whereof this Paper contains:

Copies, but that my Engine is in good order; [am fo far
qualified to countenance a Difcour{e,whereinI kept fomewhat
withincompals, that though it will pethaps colt me much
pains and trouble to make ex tempore Experiments fully equal
tothe enclos'd 5 yet ifany juft doubt fhouldrequire it, Ipre-
fume I can make Qcular Proof, of at leaft as much as I laft
night told you,

And now ’tis time , after havinz, contrary tomy Cuftom,
rais’d in youa high expe@ation, that I endeavor infome mea-
fure to anfwer ity which Ihope I thall the more eafily do, be-
caufle the agreement, you haveoften had occafion toobferve
between the Relations regiftred in my Adver[aria , and the
Phenomena of the Experiments they defcribe , will,I prefume,
make it necdlefs to perfwade you that the enfuing Tria's, be-
ing tranfcribedthence, may be fafely credited, Wherefore I
fhallproceed to annex them, as{oon as 1 have premifed a few
Hiftorical Lines by way of Manudu¢tion to them,

*Ts now many years fince, that having a defire to reduce
the Fire to 2 degree of Rarefation that appear’d to be confi-
derable, upon {urer grounds than flight Conjetures , I at=
tempred to do it by the help of Heat, and particularly by
thatofan £olipile,which I have mentioned in another Tra& s
but finding that the diligent Merfennns had , if there be no
miftakein hisaccount, been able torarifie Air that way, full
as much or more than I could, Ibetook me to try, whether
I could not by the Spring of the Air (without Heat") pro-
cure 2 greater expanfion of it# I'found (as I have longfince
ellewhere related) that in the Pneumatical Engin , which
has been fince called the Machina Boyliana, 1could encrearfe
¢ e
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the Expanfion of the Air, til] the Body atealn'd to abot
152 times its former and ufuil Dimenfions. But this Expan-
fion, though it were above twice as great as the utmolt pro»
cured by Merfennus, didnotyet (arisfie me , but put me (ac-
cording to.what I there intimate) upon another ¢ ontrivance,
which though put in practice eishr.or mne yeais ago, (asthe
date of one of the Trials may inform ou, ) had the relation
of its Succefles laid afide amongthofe of others, made in the
fame Engin which yet lie by me unpublifhd, Sothat I may,
now proceed to give you the Tranfcripes of the Trials them-

- felves, as they were haftily and inelegantly, but very faithful-

ly, fet down among my Puesmatical Collections.  And this I
am ready todo, asfoon 3s I thall have intimated to you, that
inthat Nob'e Colle&ion of Experiments that has about two
years finceappeared in Publick, as the Firft-f:uits of the juttly

famous Florentine Academy, 1 find, that thofe P#rtuofi had ac-

cording to their fagacity,(o advanc'd the Extent of the Air,as
without the help of Heat ro bring the Dilatation to' exceed
173 times its former Dimenfions ; and that which made cheir
Improvement the more' confiderable , and confequently the
more worthy of them,is,that they procured this great Rarefas
ction, as well as I haddone mine, by the Air’s own Spring s
and had furpafs’d without the help of my Engin, whatIwas
then at firlt able to doby the Conveniences that it afforded
me, Whereupon remembring what I had perform’diin that
kind (everal years before , Ifought among my Papers for the
Trials I had then made, and found thofe Notes ,» whereof 1
now at length think it high time to give you the promis'd

-

Qopies in the following Terms,
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Experimens 1.

7 E tooka found Glafs-Egg (as they call them) of clear
' mettal and furnifhed with a Pipe or Shank of fome
Taches inlength 5 this we fill’d with water, and convey’d botk
it,and a Viol with Water init, into a Receiver of a convenient
fize, andby pumping the Air out of it » wemade the Bub-
bles both in the Egg and theViol to difclofe themfelves in
great numberss [0 as to make the Liquor in the Glafs-Egg
feem to boil, and to make all that was in the Shankreally to
o over, 'When we thought the Water was fufficiently
freed from Air, which it was not quickly brought tobe, we
took out the Glaffes and fill'd up the Pipe of the Egg with
Water taken out of ‘the Viol, and inverted it into moreof
che fame Water , in fuch manner that the Egg was quite full,
Shank and all , excepting a {mall Bubble of Air that we
purpofely left to gain thetop of the Egg s where the Glafs
being tranfparent , with a pair of Compafles wemeafured as
accurately as wecould, and found it to be a Tenth and lefs
than two Centefms of an Inch. Then putting the Glafles
again into the Receiver, we fet the Pump awork, and the
little Bubble after a while began to expand it felf, which
whenit had once done , it didat each fuck ftrangely increafe,
¢ill at length it drove all the Water out of the round part of
the Glifs. And leaft it might be objeéted , That’twas only
the fubfiding of the Water upon the with-drawing. of the
outward Air, that before keptitupto the Top of the Glafs,
we caus’d the pumping tobe fo continued , til! the expanded
Air had feveral times driven-the Water in the Pife of the
Egg a pretty way beneath thelevel of the external and fur-
rounding Water in the other Glafs, Thisdone,weletin the -
Air by degrees , with a defign to obferve, what Bubb'e we
fould find at the Topof the Egg , when the Water ﬁlgu{)d
€
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be again driven 'op into its Cavity, But the expanded Air
had forced over fo much Water , -that there remain’d not
enough tofill the Globulous part of the Egge: Wherefore
we tried the Experiment again ,_and when we had proceeded
thus far , we compar’d the above- mention’d Diameter of the
fmall Bubble, with that of the Spherical part of the Glafs,
which we took with a pairof Calaper Gompaffes 3 and though
we found it to be fomewhat moJe than 20 times as great, yet
being willing rather to disfavour than flatter the Experiment
we {oppos’d the two Diameters tobeas 1 to 20, and confe-

quently , fince as Enclid demonftrates, the Proportion be- g/ ;5.
tween Spheres is triplicate to that of cheir Diameters , and Propo/.
in our Cafe the Cubeof thelefler Diameter being 1, is alfb #/r.

but 1, the Cube of 20 the greater Diameter mult be 8oeo;
and fo the Air appears to have, by expanding it felf,acquird
aplace 8ooo times as big asit pofleft before, Nor wasit o-
verfeen by us, that the Globulous part of fuch Glaflesas we
us'd is fcarce ever made Spherical. But not only I, but
Dr. wallis , who was pleas’d to affift at the Experiment, con-
cluded, that the Cavity of theShank, which the expanded
Air drove the Water from, butwhich we did not compute ,
would make abundant Compenfation for the two above-
mentioned particulars, - Afterthis , forfurther fatisfadtion,
we took water, laborioufly freed from Air, and putting it
into the fame Glafs- Egg , weinverted it as before , but left
notany Bubble init,  This we did, that, incafe wecould
makethe Water{ubfide, the Experiment might preventa
fufpicion, that fome Alr latitant inthe Water might increafe
the Bubble that was formeily left inic 5 having then exhau-
fted the Receiver as muchas before, - and, if we miftook not,
more ; the Water inthe Egg did not atali fubfide ; but ae
tength, with obftinat punping,a Pubble difclos’d ic felf , and
drove all the Water clear out of the round part of the Glafs 5
and, chough by reafon of fome fmall Leaks that we. could
: not
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not find orfop, we were not able, 15 before, to make the ex-

panded Air deprefs the Warer in the Shank beneath the fur-
taceof the external Water | yet we wanted very little of it 5
and then outof wearinefs giving over , wefound , that when
the Water was impell’d up again into the Egg, there was
at thetop of it a Bubble, whofe Diameter we meafur'd as
faithfully as we could, and found it to be to the Diamerer of
the Globularpare of the'Glafs as rto 14 5 fothat,though the
litle Bubble had beena perfect Sphere, yet Spheres being, as
was lately noted, in triplicate proportions to their Diametcrs,
the Bubble when expanded , muft have been 2744 times a5
big as the Bubble unexpanded. ' But Dr, walis, who will
beallowed to bea very competent Judge in thefe matrers,
obferving (what we all took notice of ) the great thinnefs of
the Bubble, pofitively and conftancly affirm’d, that he could
not eftimate 1t tobeat moft any bigger than the chird pare
of a perfect Sphete of that Diamerer; by which eftimate the
expanfion of the Bubble mufthave reach’d t0 3232 timesits
natural Dimenfions, '

NB, By letting in Water into the Receiver as muchasit
would admit, we found, that, by reafonof fome fecret Leak,
we had not been able fo to exhauftic, buc that there re-
main'd fome Air.

Experiment ‘I I,

Small and almoft inconfpictous Bubble expanded it

felf , when the 2mbient Air was pretcy well exhauft-

ed ,tomore than 10000 times its former extent, ‘The man-
ner thus ; We took a fmall Bolt-head , blown byaLamp,
which contain‘d in all about 80 Grains of Water, and invert-
ing the fmall Neck intoa Jar of Water, it was include.! in
the Receiver , and the ambient Air being exhaufted , ftore
of Bubbles rofe out of the Water, and expanding it felf,
' ' quickly
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quickly drove all ‘the Water out 'of the Bolt-head. “Then
re-admitting the outward Air, the Bolt-head was prefently
almoftfill'd, and all che expanded Air fhrank into 2 Bubbie
Lttle bigger than a fmall Ping head; thentaking the Bolt-
head out of the Water, and mverting it, thac the Bubble
might get ouc at the Neck , we care.ully fill'd it up with the
Water that had been freed from Air , and then inverting it
as before into the Jar with Water, we again included it,
and, after fome exuctions found, that therewas gotten out
of the Water into the Neck 2 very confpicuous Bubble,
which upon the admitting ‘of the Air, fhrunk a'moft into an
invifible one,and alcended into the head of the Glals, Then
again exhaufling the R eceiver very well , we found it expand
it felf foastofill all che Capacity of the Bolt-head , and to
drive out almoft all the Water, And upon the re-admitting:
of the Air, itagain thiunk inro 2 Buble whofe Diameter (ac-
cording to ourbeft éftimate) was not bigger than one two and
twentieth part of the Diamerer of the head of the above-
mention'd Glafs; fo that to fill the whole Cavity of the Head
only, it expanded it {elf 10648 times : but becaufe it flI'd
likewife the greateft part of the Neck » we found by weigh-
ing the Water that fill'd that Part, and the Water that fill'd
the Head, that the Capacity of that part of the Neck, was
almoft a third of the Capacity of the Head , beingas 141 to.
431 : iftherefore 481, the Capacity of the Head, contain’d j¢
10648 times; 141, the Capacity of the Neck , muft con-
tain it 3121:% times 5 fo that, i all, the {mall Bubble of
Air ‘was expanded to above i 3769 times its former
Bulke, ’

The Diameter of the {mall Bubbleretracted was .2 of an
Inch, :

The Diameter of the out-fide of the Head of theGlas
was 32 of anInch,

The Water that fill’d the Head only weigh’d 60> Grains,

The
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“The Water that fill'd the Head and asmuch of theNeck
as the Air had before expanded it felf into , weighed
-8 Grains 5 fo that that part of the Neck weigh'd
17; Grains,

The Bolt-head it felf weigh'd 15 Grains,

1 might have fer down this Second Experiment un-ac-
companied either with the Firft, or with thacIam going to
(ubjoyn ; becaufe the expanfion produced by neither of them
was, at leaft by meafure, fovaft, as that produc’d by the
Trial newly mention'd: but this was fo ftupendious , thac ¥
thought it not {o fit to prefent it to you by it felf alone, but
rather accompani’d with other Experiments, the leaft profpe-
rous of which produc’d a Dilatation of Air (ufficient for my
prefent purpofe, and fuch as may nota little confirm, Thac
what is recited in the Second Experiment , was neicher a
lucky chance, or miftake. And thatmay be enough formy
prefent purpofe 5 for as for the lictle Abatements, that fome
will perhaps think fit to be made upon the {core of theune-
qual thicknefs of Glafs or fome fuch Circumftances, they
are not confiderable enough to deferve to benow folicitoufly
debated , nor to hinder the expanfion that muft be granted
from proving what they are alledg’d for : wherefore Iwill pro-
ceed to what follows,

Experiment 111,

E tried this Experiment again , and found 2 {fmall

' Bubble, muchabout = of anInch in Diameter,fill'd
not only the Ballat the end of the Bolt-hread (which was 1% of
an Inch in Dizmeter) but thewhole Neck, which contain'd
near as much Water as the Head, and beat down the furface

of the Water withia the Pipe muchbelow that of the Water
without the Pipe, '

Thefe:

==
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Thefe Experiments already found among my old Papers,

will,I hope, without my feeking for more, {uffice to manifelt,
that the expanfion which the Alr may be reduc'd to with-
out heat is indeed Admirable 5 for if we make an eftimate of
it but according to the Experiment which had the moft mode-
race fuccels , it appeard, thatone fpace poffefs’d, thoughnot
adaequately fill'd, bya po:tionof Air, may have its Air ex-
cended to at leaft 2744 {paces equaltoit 5 1 (ay, at leaft , be-
canfe very probably it was above twice as great: And if we
make our eftimate according to the moft profperous of our
Trials, wemuft allow the Air tobe rarefiable at leaft 13000
cimes (I fay again at leai?) becanfe T am not fure , thatin
that Tryal it was reduc’d (not fully, chough pethaps very
near) to the utcermoft degree of rarefaction attainable in our
Engin: fo that I prefume you will now grant, that I {poke
warily and much within Compafs, when I mention’d but
an expanfion fromone toa thoufand,

And now having perform’d the promifel madeyou , itre-
mains only that Itake notice of the requeft that you made
me, about communicating thefe Experiments to the Curi-
ous. But this defire of yours is oppos'd by.no (mall incon-
veniencies thatwould refift my complyance with it, Foric
would oblige me by tearing out thefe Papers , todif-member
a ColleGion long ago in making, and wherein they were
placd to be much otherwife difpos’d of , and not only make
a greasgapinit, but ftrip or deprive it of fome things thac
were the likelieft tore-commend it.  Befides, that thefedp-
pearing before the reft , are odd enough to make thele feem
far lefs uncommon than perhaps otherwife they would.
~et !l this notwith®tanding , 1 find it uneafie torefufe what

on and thofe Friends that concur with you, on this occafion,
defire , that if after having once more perus’d thefe Papers,
you pe.fift in the fame eamneftnefs you exprefs'd yefterday

C (when
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(when youhad not yet feen them) Ifhall not refufe you the
Difpofal of them, both for the Reafon nowgiven , and be-
caufe I havebeen inform'd as well by you as by other means :
That the Rarefattionof the Air is at prefent the fubje& thas
bufies the Difquifitions of feveral eminent Virtrofi, both Do-
meftick and Forreign, to whom Ipay fo much refpe&, that
I1hall think it a happinefs , if itmay be acceptable to them,
not only becaufe it will be feafonable, bur becaule, that
though the Engin , that moft of the Attempts were made
in, hasnotbeen thought altogether Barren y.yet thefe Tri-
als will probably pafs forone of the leaft Inconfiderable Pro-
ductions of it: And thefe two Services [ hope this fhort
Writing may do feveral Ingenious Readers ; the one, that i
will invite and accuftom them to takenotice of and confider
more than moft, even of the moft Learned » arewont to do,
the great {ubtlety of Nature , and the fearce imaginable
{mallnefsof thofe Aerial Inftruments | that the imploys even
about vifible Operations: The other, that thefe Relations
will excite the more Curious and piercing Wits to debare ,
and T hope help them to folve the two Problems here pro-
pos'd tothems whas Figures and Motions may be affign’d to
the Particles of the Air, to explicate its fo wonderful Rare.
fiablenefs, and that perhaps withont quite lofing its Dyrable
Spring s and How the Air comes to be rarefisble {o many
times more withour Hear, than hitherto we have found it o
beby Heat. Towhich might be added > asaThird, Wha
might be reafonably conje&ur'd about that parcof the Cayi-
ty of an ‘exaély clos’d Glafs Where, though the Eye dif-
covers no vifible fubftance harbourd in it, it appears not that

the common Air does adequately fill fo much as the Ten
thoufandth pare

NEW
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OBSERVATIONS

About the
DURATION of the SPRING

of EXPANDED AIR,

(Subjoyn’d by way of APPEND I X
to the fore-going EPISTL E.)

\Oralmuch as re-viewing the former Paper -about
the Rarefaction of the air | Ftook notice in the
Clofe of it of an Expreffion (viz, g tha per-
haps without quite lofing its Darable Spring) which
Itear may to fome Readers feem toneed Explica-

tion; 1t will not beimproper on this occafion to fubjoyn fome-

thing by way of' Appendix about i,
Firft then; the Reafon why in this fhort Intimation’ I
thought fir to imploy the diffident Term perhaps, was, be-

- caufe really I had not” (nor yet have) been taught by Trial,

Whether and how far the utmoft expanfion of the Air aQu-

* ally produc’d inmy Engin, orotherwife procutable , and its

recaining afenfibleSpring, are confiftent # I expre(s my felf
C:z thus,
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thus, toinfinuate, that Ithought of other Inftruments and
Methods lwhereby the Dilatation of the Air may not im-
probably bemeafur'd and promoted ; as by making the Tor-
ricellian Experiment inaGlafs with a very capacious Head or
Globulous part , and applying the Aerial Particles that will
afcend out of the fubfiding Mercury, together with 2 Bubble
of other Air, if it be needful to the ufe we have been (peak-
ing, Something alfo may bedone tofome purpofe with ve-

ry fine and large Fifh-bladders but.I fhall not infift on thefe |

or the other Expedients that came into my thoughts , con-
tenting my (elf to have intimated and thereby acknowledged,
that there may be other means befides the Machina Boyliana,
to bring Air to a very great Expanfion, But whether any
of them will furpals what has been acually attain’d in that
Eogin, timemuft declare; till when, we fhall be content to
make L}llfe of the Experiments it has already actaally furnifht
us with,

Wherefore to cometo thefecond or other remaining part
ofit, whereas in the mentioning of the Spring of the Ex-
panded Air , I imploy’d the Attribute of Durable , you
may eafily gather the Reafon from what Jam now going to
annex,

Thad obferv’d, not without fome wonder, in the Inquirers
into the Nature of the Air,that they have not,that 1 know of,
fo muchas attempted to difcover , Whether the Air eirher
in the utmoft or in theintermediate degreeswe can bringit to,
does retain a conftant and durable Elafticity?

For firft, Menhave not yet determin’d, Whether a por-
cion of our common Air being ex1&ly fhut up inan Hermeti-
cally feal’d Glafs , or fome other exadtly clos’d Veflel, will
conftantly and uniformly , for amoderate time at leaft, re-
zain the degree of Elafticity ithad when ’twas fhucup? And
whether it will not fometimes vary its reflure , as we fee
shat she Atmofpherical (thowgh I think upon peculiar

; A | grounds)

=
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grounds) is by the help of our Barofcopes obferv’d todo?
Next it does not appear , W hetherincluded Air, incale it
retain an uniform Elaft city for a moderate time, will retain
it for a very long one ¢ Nay, W hether it would notat length
come not only to have aweaker Spring, but perhaps to have
no {enfible Spring atall? as we (eeit happen in Sword-Blades
and divers other Springy Bodies , which after having ftood
t00 long bent , wili continue o, and lofe their former power
of Self-reftitution, as they call it, ‘

Thirdly, Men havenot yet determin’d any thing about
the degrees of the Airs Elafticity, W hether the Durable-
nefs and Uniformity , or Varying of its Strength, may not
depend upon the differing degree, it had when “twas firft
fhut up ¢

Fowthly , Machlefs have we yet attempted to difcover ,
W hether the Spring of an inclos'd portion of Air may be
(ometimes weaken'd , and fometimes ftrengthen'd by the
Changes , asto Gravity, of theutmoft Atmofpherical Air,
the New and Full Moon? To which I might add divers other
external Accidens , which as yet we fcarce fufpe&. And to
thefe 1 mighe add fome other Doubts and Inquiries , that
may oot be impertinently fuggefted, but here would, fear,
pafs fora Digreffion.

‘W herefore 1fhall proceed to tell you, that having taken
qotice of it, as an Omiffion among the Inquirers into the
natureof the Ajr, inwhofe negligence 1 was too long a fha-
rer, that we havenot, that I know of, fo much as attempted
to difcover thisit felf : Whether the Aireither in the urmoft
or in the intermediate Degrees of Rarefaction we might
bring it to , would for a confiderably long time retain its E-
lafticity , orat leaft fome determinate degree of it, orlofe
it by determinate and regular Decrements , Ithought fit to
make fome Ttials about chis matter , but canaot brag of the
(uccefs of my Intentions , having beca hindred either by

want
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wantof Inftiuments, or by Removes, or by Sicknefs', or
by unlucky Accidents , orby oneunwelcome ching orother,
from accomplifhing what I had chiefly defigned , and partly
alfomade fome progrefsin it 5 but yet to give you fome hints,
as wellas fome occafion to more profperous Experiments,
I'fhall not ftick to annex what I readily call to mind abouc
my attempts on that occafion, :
Irememberthen, thar when Ifirft began to tiy fomething
in order tomy defign , being deftitute of fit Accommodati-
ons, Iwasfainto content my felf; by caufing 2 good Bubble
of Glafs with a Stem to be fo blown at the flame of 2
Lamp, that whilft the Ball was yet exceeding hor, 4nd con-
fequently contain’d none but highly rarefi'd Air,the Stem was
very nimbly clapt into the flame of a Candle thac was pur-
pofely kept ready athand 5 fo that being flender , it was in a
trice feal’dup, and the Air within remain’d as-much expand-
ed as the greac hear,it had been expos’d to, had brought it to
be. “This Bubble many Moneths after, I'inverted intoa Bi-
fon of Water, and having broken off the Seal under the
Sutface of it, the Liquor was violently impell’d into the Ca-
vity, but yet was not able to fillit, a confiderable part be-
ing defended from the further afcenfion of the Water by the
Spring of the remaining Air, which for,allthe long ftrerch it
had been put to, hadnotloft any thing of its Spring that
we could take norice of, - But this.was a Trial, in which I
could by no means acquiefce ; and therefore when Iwasa
lictle more be-fiiended by oppo:tunity ,. Ltry’d another way,
partly togive a fomewhat pleafing furptize ‘to unaccuftom’d
Beholders , andpattly, becaulethough it could not fhew all
that Idefi’d, yet it might plainly fhew, that the Air, even
at a very confiderable Extenfion, “would hold out for a confi-
derable time. ~ Wherefore leaving a very fmall proportion of
Aicinthe Folds of afine limber Bladder, whofe Neck was
very clofelytied , Tcaus'd'it tobe, by the help of the ars-
china
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china Boyliana , fo expanded , thae at length it {odilated it
[elf, as to feem to fill the whole Bladder , and reduce it to
the extent it had juft before "twas empty’d ; and the Bladder
by a peculiar contrivance was (o included in ancther Veffel ,
that being prote&ed from all intiufion of the outward Air, it
maintain’d its plamp and tumid Figure, and in that unwrinck-
led Rate Yhew'dit, muany Monerhs fince ; 1o fome Pirtuoff,
(now here in" ZLondon) after it had continued fo , if T miftake
1ot , néar two year,  Since the writing of this, I'did at
length find the newly mention'd Veflel, and thew'd it 't
fome curious Spe@ators , Who with me took notice, that the
included Bladder; inftead of being wrinckled or fhrunk , - ap-
peard to be plump and ful] » 35 well blown Rladders are
wont to be: {0 that many Moweths (perhipsadozen) may be
added to the frethly mention’d Duration of the Exp:nded
Alr,
- But this way fatisfying me neicher as to fome of the Parti-
culars I deﬁr’c{my Attempts thould difcover, Tdevis'dalit-
tle Inftrument , whofe Contrivance though it feem’d very
fimple , promis’d, and for fome rime gave me a far more ac-
curate account of what I expected, The Infrument, if you
defireic, Icaneafily fhew you, having lately been forc’d to
make a new one, ‘which is now byme; but it may (uffice to
tell you, that’tisfo fram’d s that’tis fit to difcover, befides
diversother things, Whether and how long Air brought to
the greateft Expanfion 1 could conveniently reduce it to inmy
Engin, will retain its Spring? And by what degrees or ftages
and periods of time , the dectement » if anybe; is made ¢
Butof the iflue of the Trial made in it » Ican give you but
avery imperfet Account, in regard that, though I made it
about three years ago yet having left the Infirument in 1
place where’tis fo lodg’d’, that I cannot have it withour re-

tarning thither | till Ifeeit againmy felf, I darenot venture
to judge of the fuccefs of the Experiment 5 only this I re-

member,
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member , that I took no notice of any obfervable diminution
in the Airs Elafticity , though it weie prefs’d, and,as it were,
clogg’d with a weight , that one would wonder how it
could , when "twas fo highly rarefy’d , fupport for one

* See the Minute "

}: "F; Thereis alfo another way that 1 contriv’d , whereinthe A'x

it i a litele portable Inftrument, which I canfhewyou, belng
expanded,as one may guefs,to 501 600 times (perhaps 10co
times) its wonted extent, has not only for a long rime pre-
ferv’d its Spring », but (atisfies mealfoabout one of my chief
Queries,which was, W Lether the Air very much dilated with-
outH eat, would be confiderably fenfible of external Heat ¢
Which it plainly appears to bein this Inftrument; where,not-
withftanding the great Rarity , it has already attain’d and
(eems likely to preferve, the Heat of ones hand appli'd tothe
outfide (of the Veflel) has aquick and very manifeft Opera-
tion 5 and upon the with-drawing of it , the (enfible Air
quickly returns to its former Dimenfions, as wellas tempers
(o that one may employ it asa kindof Weather-Glafs, and
perhaps make fome difcoveries by long comparing it there-
with, . :

But hitherto I have been doing , whatIdonotloveto do,
and very rarely have done when I mention my own Experi-
ments , that is, 1have not punftually fpecified any deter-
minate quantities and proportions of the things {poken of 5
but one of my former Trials 1 have newly found out, regiftred
in a loofe Note , and therefore the Quantities being an-

* nex’d, I hope icmay both give {fome countenance to what I
have been {aying , and give you fome, thoughnot anentire
(atisfaction about the thing it felf.

March A Glafs as Cylindrical as we could get it blown at out

18.  Lamp, and having a long Stem coming out at the unfeal’d
end, was quite filfd with Water and -inverted ioto Water

placed acthebottom of & large Pipe feal’d atone end , :mdf
0




of 3 ot 4 footinlength, This external Pipe, fo called for
diftin&ion fake , was exhaufted, till the Air, that difclos'd it
(elf in the Water of the internal Pipe, had drawn out the
Water iu the Cylindrical Pipe , as low as the upper part of
the Stem 5 at which great Expanfion of the Air, the exter-
nal Pipe being fpeedily and fecurely clos’d by a certain con-
trivance 5 the Air thus rarefi'd was kept fometimes in my
own Chamber that was warmer , fometimes in an under-
room 5 andafter it had been kept from firft to laft about II
Weeks or 3 Moneths, if I mis-remember not, without any
othet remarkable Variation,, than that in the cold room, the
Water afcended, as | guefs'd, abouty, ornear 1 yatthae part
of the internal Pipe where the lower end of the Cylinder
gradually leffen’d it (elf into the flender Stem,  Yefterday 1
“ivited Docor Wallis tobe prefent at the breaking of the
Glafs, and to favour me with his affiftance , for the better
eftimating the Expanfion of the Air upon the breaking of
the clos’d Apex, The Water was but leafurely (becaufe of
the {lendernefs of the Orifice that was made for the Air to
get into it) impell’d up into the formerly deferted Cavity of
the Cylinder , whichit fil'dall, fave alittle Bubble which
was exceeding fhallow, We made ufe of our Eyes at a fit
diftance , and of Compaffes both ordinary and Callaper, to
obtain thefe meafures, The Cylindrical part of the inter-
nal Pipe was 3 Inches in length and } of an Inch (for lefs in
Diameter on the outfide.) The Bubble was - in Diameter
and about 2 Centefmsin depth: Fromall which, by the Do-
&ors Calculation , the Bubble, to the fpace it poffeft unex-
panded, wasas X 10,1359
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Touching the
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And ics {Jomprcﬁion W

CONDE'NSATION

by meer Coi D,

ichour Mechanica] Engins-

Ecaufe ’tis as truly as Commonly faid, that Contraria
B J¥xta e pofita MALEs elucefcumt | and becaufe whar |
M oW Zoing to'interpofe > isLittle lefs thag neceffa-
ry tobe premifed taclear the way’ to what follows , and to
connedt the paft WIIting to thag which is to enfue; it wifl nor
be improper ¢o add fomething in this place touching the ¢yy-
denfation and Compre(sion of the' 4ir :
And here T cannoe but

2 litele wonder , ¢hat among fo
many 7, that have had eccifion to

confider ‘the naryre of
Cold, aud the Condenfarion of ¢he Air by'it, T'haye not
yeemer: with any that have had ¢he curiofity to meafure thae
Condenfarion ; wherefore I long fince arrem pted to do it, 25
I'have relared in' anotHe

rdifcourfe ; bae nor having thae by
meat préfent , and remembyig

S ingeneral | thap did it in
inter, when it may be objected, thar the Air being ).

ready prae-affedted” with the coldnefs of the feafpn
capable of being fo confiderably ¢
cold, as it would beata

make the Expe-
I00ing of Axtymp, without tyin my

tcumftances thag I had doné
befores the Event of this Trial I find regiftred as follows.

After
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[ After the midft of Seprember, on 2 Sun-fhiny day , and
about-Noon (which circamftances we made choice of , that
the Air might be the more rare and expanded ) we took 2
Bolt-head or round Viol furnithed with 2 long Stem, and
placditina Frame purpofely provided , fothat the Stem was
perpendicular to the Horizon , and the globous part was fup-
ported by fuch a Veffel , ‘that thorow a hole, purpofely
made at its middle , the Shank reach’d downwards, till the
- Orificeof it was a littleimmers’d beneath the Surface of a
Glafs full of Water, that was plac’d at thebotrom of ‘the
Frame. This done, we took agood proportion of Ice, and
having beaten itina Mortar , and mixt it with a due quantity
of Bay-falt,; we not only laid round about the lower part of
the Ball, but the Veffel, contiguous to that part, being pur-
pofely made with turnd-up brims, we were enabled to heap
up the frigorifick Mixture ; foas to bury the whole globu-
lous part of the Glafs in it, and cover the very top of it
therewith 10 a confiderable’ thickaefs s uponwhich occafi-
on the Air within being exceedingly refrigerated , the Wa-
ter, into which the Shank terminated , wassmade to afcend
fomewhat faft along the CGaviey'of thae Shank , till we pet-
ceivd it would reach nohigher's bue afeer2while began to
fubfide again 5 which nick of rime being careful y watch'd,
we made 2 Mark av the higheft Stationof the Water, and
then taking our the Bolt- head, we fill'd it with Water, ma-
king an allowance for that final] part'of the Stem which ‘was
immers'd at the beginning of the Operation,  This Wager
we weighed , and found it amount (o ningteen Ounces and
fix Drachms; thew weigh ng as much Water, asfuffic'd o
fillthe Shank up to che Mark newly mention’d ) we found
that to be one Qunce ‘and three Drachms;; by which sumber
theformerbeing divided , the¢Quotient was 147 Drachms’s .
{othat the proportion of the twoquantities of Water being
as 110158, thefpace into whichthe Ajr was condenfed by

D2 Re-
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Refrigeration , was tothe fpaceit poflefs'd in its former ftate
of laxity as 147 to 158 , and confequently the greateft
Condenfation, that fuchatime of the year and infuch Wea-
ther, fo high a Refrigeration could bring the Air to, madeit
lofe but . !; of its former extent, ]

NB. Firft, The Stem of the Glafs ought to beofa con-
fiderab'e length, leaft by the great contraction, ‘made of the
Airin the Ball by its highrefrigeration, the Water fhould a-
fcend into the Cavity of the Ballit (€lf, and thereby become
exceeding difficult to be meafur’d,

Secondly , If one would benice, one may takenotice, that
the heighr to which the Water afcended in the Stem, was a-
bout two foot 5 whichCylinder of Water, by itsweight or
tendency downward , might fomewhat hinder the Liquor .
from afcending quite {o high asit would, and confequently
keep the Condenfation of the Air from appearing fully fo
great asit was, but {o lighta Cylinderas that of the fufpend-
ed Water, would fcarce be very confiderable,

Thirdly , When the Water was alcended near as high in
the Shank as it wouldrife, there was obferv’d in it an odd
kind of Subfultns, orrifingand falling alternatively , almoft
like the Mercury inthe Torricellian Experiment , before the
Mercury comes to fettle after its firft (ubfidence, [ But the
confideration of this Phenemenon belongs not to this place 3
for which reafonI infift not on this, and forbear mentioning
fome others, ]

Fourthly , That though ic appears not by this Ex-.
periment, whetherthe Cold thus produced is equal to that!
of Frofty Weatherin Winter, and confequently capable of
contracting the Airas muchas that feafon is wont to dos yet
by preceding Trials made with fit Inft;uments, 1had found
shat by fuch anapplication of Ice and Salt as we bhad made

in
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io thelate Experiment , a greater degree of Cold, and that
:n 2 warmer (eafon , might be produced , than had been found
n=ceflary to make Frofty Weather in Winter: The way of -
Experimenting for brevities fake Tomit , but if you pleafe
you may command it, ]

But tis not chiefly toacquaint youwith the Condenfation
ehat Nature ufestomake of Air, thatl have been entertain-
ing you with thefe Memorials 5 for thac which makes it very
pertinent to my prefent parpofeis, thatit will hew you,that
as to the Condenfation or Compreffion of Air that I am to
iecite, though Cold were emploied about it, yetitwasnot
really produced by Co'd, which could not contract the Air
to fo muchas half that degree, you will find it was reduc'd
to by our Operation (prefently to be mentioned ) wherein
the frigorifick mixture did not primarily or immediately com-
prefs the included Air, but only fo affected the Water that
was fhat up with icin the fame Veflel, as to make it {well ,
and confequently crowd the Aerial Particles into lefs room:
W herefore it now rémains that we proceed to the Experiment
it (elf; afhort Account of which, be pleas'd to take inthe
enfuing Tranfcript.

[ To convince fome Strangers , we took a new Glafs Bolc-
head , witha Necknot long, and fill'd it fo far with Com-
mon Water , thatbeing Hermetically feal'd, the Liquor
reach’d within three Inches of the Top , as near aswe could
guefs, by meafuring with a Ruler, and making an Eftimate
of the fharp end, made {o for the conven:ency of fealing up
the Glafs s which fharp end we guels'd to be about ; of an
Inchinlengths then applying Snow and Salt to the lower
part of the Bolt-head, we readilz drove ont the Water fur-
ther and further into the Neck , “till at length it was got u
to the Bafis of the fharp and conical end, where the Glafs
was feal’d 5 and then juft asI was looking upon it,the Glafls
flew with a noife about my Ears , being broke into many

pieces,
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pieces, which argued the ‘Compteflion of the Air to have
been very grear, And Do&or Walls, who was prefent, and
meafur’d it from time to time , defired me to regifter the Ex-
periment, with his Eftimate of the Compteffion, which

was, that the Air wasreduc’d into the geth part of its former
Extenfion, ]

I know {o great a Condenfationof Air will feem firange
tothofe, that havetakennotice , that fome of the beft Ma-
thematicians of our Age , that have made ufe of Wind-
Guns and other forcible Engins, to crowd the Air into as nar-
row room as poffibly theycould, confefs themfelves nor to
have been able withall their frength and induftry to force
the Air into lefs than the 15th part of its ufual extent; and

secaer befides , that this was done in U ountreys,where the Air may

fem.Phen.

Fneum.

well be fuppos’d more laxe and rare than in England, 1

Frop 32 confefs, 1{aw no Trials made with Wind-Guns, that con-

vincedme that the Condenfation was (o great as that newly
{pecified: (about which Merfen, him(elf fomewhat hafitates,
feeming to doubt, whether the Air were indeed reftrain’d into
a 15th, or but into one 8th part of irs former room.) And
he that hath oblerv’d and confider’d, as I have done, that
in Wind-Fountains (as they call them) of Glafs, the Air
will feem tobe notably comipre(s’d,, whillt indeed we could
not find it comprefs’d into much lefs than its thirdpare | will
be the lefs unapt to be diffident of the great things that are
fzid ‘of the Compreffion of the Air ; bur beciufe Experi-
ence has'informed us chat our Englifh Air-may in peculiat
Inftruments be torcibly crowded into a 1oth, 12th, orper
hops a1 sth part of its former exrent, 1 am content to take
it for granted, what is related abour the Compreffion of the
Air into the 15th part of its ufual dimenfions: 2nd yet our
‘Experiment will be a confiderabler inftance of the greac com-
prefsibility , if I'may fofpeak, of the Air ; for according Iro
the
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the Eftimate delivered in the fore-going Narrative » or Com-
preflion, which was withoue Mechanical Inftruments or En-
gins , reduc’d the Air into thegoth part of the fpace it had
lately poflefs’d; and how great a force is requifite, when
the Airis once confiderably condens’d , to furmount , though
but a liecle, its great refiftance to furcher Condenfation,
may be gathered from the Obférvations about the gradual
renitency of the Air to Compreffion, which we many years
fince made with Mercary , and afterwards publifhed in ano- Defence
ther Treatife ¢ bug thongh . upon the recited grounds, that 3 i
great Compreflion of the Air produc'd by our Experiment, ™
m y, as I was (aying , feem very ffrange, yer it would not
feem incredible, if I (hould here borrow thofe Experiments
and Obfervations from my already publifh’d History , and
fome unpublifbe Papers abour coly » that would countenance
what 1 have been deliverings and elpecially if T fhould ftay
to communicate to you the way , I not unfuccefsfully made
ule of , to eftimate by weight thegreat force of the expan-
fion of Water upon jts freezing, But fince an account of this
contrivance is not here neceflary , and would require more
deafure than I'can fpare ar this time s it remains only, thac by
way of Corollaries from what has heen hitherto delivered in
this and the two preceden Writings , we rather pointat, than
difcoutfe of , - fome Obfervations that it fuggefted to us, in
the enfuing Paper,

Of
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Of the Admirsbly Differing.

EXTENSION

Of the fame Quantity of

AITKR

RarerIED and COMPRESSE Ds

- Aving already declared , that what1 pretend to in
the Clofe , is but to fet down fome Obferva-

tions , that refolc from , or are (uggefted by
what hath been already delivered 5 I prefume Ineed
not trouble you or my felf, with any other -Preface to what

follows.

T hat then which feems firft worth taking notice of , is the
differing alterations that the Air is fubjeted to by Cold and
Heat; For whereas we could not find in this our Climate,
that Cold weuld reduce the Air into near the acthpart of
its former Extenfion by Condenfation; Heat would ad-
vance it to near 70times its ufual Laxity by Rarefaction,

Nex;,
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Next, Wemay obferve ; 71hat by Engins and other Ar-
tificial Infieaments | the Air may be’ two ‘or three times as
muchcomprefs'd; as Nacureis workt to condenfe it by Cold,
even in Frofty Weacher ; and fo on the otherfide, the Air
may $y the intervention of Are and Inftruments be much
more rarefied and expanded, than it has been yet found to be
by the bare application of External Heat, though itwerethat
of anintenfe Fire it {elf,

Furthermore , It may feem worth while, to obferve, how sees asts
much the utmoft degree of Rarefaction byHeat , that Ex- gf;;;”ﬁ"f’f
periment has fhewed us of tle Air, falls fhort of the Degreem sy
of Expanfion; towhich it has been advanced inour Pneuma- Heat»

: s : : Mexfenn.
tical Engine., the proportion betwixt thefe two Expanfions , co,.
being that of 110 70, or thereabour Phyf.

But perhapsit will not be neceflary to conclude , That the Mathem:
Air is fo much more rarefiable than comprefsible, asmoft
Readers will be prone toinfer , by comparing ‘the greateft
Comprefsion and Expanfion of it, ‘that are mentioned in
thefe Experiments; fince » If I miftake not , i ought to be
confidered , ‘that the Air, wemadeour Trials with, upon
the furface of the Earth ; was not ( no more than is the
Air 'we commonly breath) properly inatrue nacur:l Confift:
ence as they fpeak, or, if youpleafe, in 2fiee and jndife-
rent ftace inreferénce to Rarefadtion and Condenfation’, but
was already highly comprefs’d by the. weight of the Atmo-
{pherical Pillar that lean’d opon it: fothar ir had already a
very ftrong renitencyico furcher Comprefsion; wherexs the
Alr that was to' be ‘rarefied , had by vertue of ics Spring
(ftrongly bent by the weight of the Tncumbent Air)aftrong
Propenfion or' tendency to dilate it felf 5. which difference T
mutt content my felf to have intimared ,. and. leave you

" touconfider ; | 'Whether and how ‘much ‘i may alcer the
Cafe, :

E Fourthly,
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Foutthly, To fome perhaps it will feemmore fit to con-
fider, than eafie to refolve , how, fince the Corpufcles of
the Air are acknowledg'd to be heavy, and thofe that re-
main, muft be fo wonderful chinly difperft , in the Cavity of
the Receiver they come to be fupported , and keps asit
were {wimming therein, and co notappear to {ubfide by their
own weight , the Materia [ubtilis ( though the prefence of
chat fhould be admitted ) not appearing to have gravity ,
wherewith to fuftain them 5 and the Zacowm (if thac be fup-
pos’d wherever the Aerial Particles are not ) being too near
a-kinne to nothing , to beable to oppofe theirdefcent: but
though fomething may be fuggefted about the {olution of
thisdonbt , my hafte obliges me to leave it fuch,

Eifthly, Uwill not make itmy bufinefs to make mention,
in this place , of the wonder that may be juftly excited in
thofe , that, when they look onone of our well exhaufted
Receivess, attentively confider, how fmalla proportion, the
common Aerial Corpufcles, which are very {paringly di-
{pers'd there, beartothe whole Cavity of the Veflel, which,
before it was exhaufted , was thought to be replenifht with
Air alone, This 1fay , I Mall not follicitoufly obferve , be-
caule I think I neednot ; for 1litcle doube, the thing will be
obferv’d and laid hold off , bothby the Carsefians and Epi- -
cureans 5 the former of which will endeavour thereby toe- .
fablifh the neceflicy of their Materia [ubtilis , to maintain che
Plenitude of the World, and the Circle they attribuce to
Moving Bodies 5 and che /ater will here triumphantly pretend
to have a more illuftrious inftance , than ever, of their Zacu-
wm coacervatwm within the World , fince here is an impene-
trable Veffel, out of which ’tis manifeft thatan almolft incre-
dible proportion of Aerial fubftance hath been manifeftly
made to iffue 5 whereas’tis no wayes manifeft toany of onr
Senfes, thatany other body has gotinto {ucceed in its room
W hetefore leaving them to debate, whatitis thatis contain'd

in
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n hat far greateft par of the Veffel , that the Air pumpt
out of our Receiverhas deferted , Itakenotice,

“gixthly , That, tO conclude with what was the main
drift of this‘and the fore-going Papers , We are here invited
to obferve with won er the frupendious mutability of the
Air. asto rarit'y and denfity , whereby the fame quantity of
Air being fometimes comprefs'd , fometimes dilated , may
change its dimenfions toa degree , that feems almoft to tran-
{cend the power of Natare and Arts and by confequence
might probably be rejected asincredible, if itwere abruptly
and nakedly propos'd : and chetefore it will be convenient to
do, though very briefly, thefe two things:

Firft, To confider, what we have upon experience deli-
verd in our Defence againft the Learnd Linus , touching
the Condenfation and Rarefaction of the Air, as’tis expofed
to agreater or fmaller preffure , without the intervention of
cither External Heat, orelaborate Engins, For from thefe
Experiments ( that may be found in the lately mention'd

Defence) Eminent Mathe- -, 15
maticians have inferr’d; that Chap. 5. whofe Tidle s , 7o
New Experiments touching the Mear

one can fcarce (afely put de- i
rerminate limits toytgle G fare of the Force of the Spring of the
Air compre(sd and dilated.

pendious Rarity, which the
upper parcof the Atmofphere, being almoft totally un-com-

prefs'd by -acumbent Particles of Air, may be fuppofed to
have by Nature, un-affifted by Art.

And chis is the firft of thetwo things , I above defired to
have takennotice of. ~ But the ather (which though it be but
thefecond , is much the more confiderable) is, toconfesre
together the (malleft extent , to which we have reduc’d it
by Condenfation , and the greateft, to which we have ad-
vanc'd it by Rarefaction, after having takennotice, that, ac-
cording to the leaft eftimate of any recited in the fore-going -

Experiments , the extenfion of the fame quantity of Air, is
as
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as 1 t0 2744 , ot thereabouts | and if, inftead of the modera-
teft , we take the greateft Expanfion ofthe Air, being (lga-
ving out the odd hundreds to make the rounder namber
as 13000 to 1, when theuncompreft Air was highly rarefied,
that number being multiplied by 40, becaufe of the fore-
mentioned comprefsion of the Air, will 2mount to 520000,
for the number of times, by which the Air at one time
exceeas the fame portion of Air at another time : which isa
difference of Expanfion fo greac , that I hope it will kee
you from thinking the Title of the fore-going Epiftle , where
the Expanfion of the Air is called admirable , immodeft 5 e-
fpecially fince I have forborn to mention , ‘what ‘probable ar-
guments might be offer’d , to prove ‘it at ledft pofsible , thac
the induftry of men, and perhaps our own, may'find means,
tomake both the Condenfation and Rarefaétion of the Airto
exceed the uttermoft , whereto we have yet been able to
bring . them, '
SR PR O TS TT S, G dia Bl
Touching an Obfervation to be inferted above , Pag, 16, inm-
mediately after the Mark ”,

‘Ince:the wricing of .chis, the Author chinced to find one
S of the lately mentioned Infruments, of a confiderable

*bignefs,which'was prefumed to have mifcarried; and com-
paring it with a Memorial made , when’twas fiift com pleated,
- tokeep inmemory the heights, dimenfions, &, of theinclo-
fed Mercury and ir's wefound , that inabour 1o weeks there
"wis” not any cobfiderable vatiarion of. thém 5 and ‘the lictle
fhrinking of che Air; whichwas difcoverable by anatrentive
Eye;was nor fuch butthir irmight be probably afcribed to the
change of cle weather to'a far greater coldnefs, which mighe
befuppofed ,‘alittle Candit did it butvery lictle) to weaken
the Spring of the included AR, and ébnlequently abate of its
full refiftince tothe preflure of vhe Mércnry in'the longerleg
of the Syphon, , '
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