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T
/ ise Author of the following Pa¬

pers suppose th his Readers to
have learned , either from the

Books he hathpublished , or from what hath
been borrowed thence by other Writers , the
StruBure and morefamiliar *Ufesof a Pneu -
matical Engin of his , mentioned byseveral
Authors under the fjfame of Machina
Boyliana • with whose Description there-
fore those are desired to acquaint themselves ?
that shall thinly it worth the while to under -
Jland as well as read the following Papers •
Jbout which it might be further taken notice
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of , that the firstof them was indeed mitten
to a Learned Friend ( though his th( ame be
not now annexedfor certain reasons • ) pre* ^
fently after which the Three others were
thought ft to hesubjojned. Asfor the omit-
ing of the Complements and Forms usual at
the close of Epistles , the Author didit as
well to spare the Reader as himself; who
hopes he may be excused , if the Tranfitions
from one Discourse to another , and even the
Style and z5Method of them , he not so
smooth and regular , in regard the ensuing
IVcitings were traced * when he was affliBed
with a great fit of Sickness , that kept him
from so much as once reading over himself,
what he had indited.
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A DISCOVERY

Of the Admirable Rarefaction

o F

( even without . Heat)

Imparted in a L e t t e r to a F R i e n d .

0 not imagine , Sir, that I did at all wonder
to see you yesternight so much admire, to
hear me talk with so much seeming Extra¬

vagancy about the Rarefactionand Conden¬

sation of the Air 5 for I confess, that I did
deliver something on that occasion , that

might easily at first sight appear so near

impossible as to be utterly improbable.
And though you were pleas

’d even on such an occasion to

express a very favorable Opinion of my Veracity , yet think¬

ing it fit , that such an Obligation lh'ould not divert but en¬

gage me, to endeavor to justifie you to your self , by confirm-
B
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ing what I said to you ; I have already sought and

'
sound '

s*
mong Papers, many years since laid aside , some that will ena¬
ble me to make good more than what the diffidence of my
Memory allow 'd me to fay in the very boldest part of my ye¬
sternights Discourse : For now that I luckily find not only
the Original of the Relations whereof this Paper contains
Copies , but that my Engine is in good order ; lam so far
qualified to countenance a Discourse,whereinI kept somewhat
within compass , that though it will perhaps cost me much
pains and trouble to make ex tempore Experiments fully equal
to the enclos’d ; yet ifany just doubt should require it , I pre¬
sume scan make Ocular Proof , of at least as much as I last
night told you.

And now ’ tis time , after having, contrary to my Custom,
"

rais ’d in you a high expectation , that I endeavor in some mea¬
sure to answer it , which I hope I shall the more easily do, be¬
cause the agreement , you have often had occasion to observe
between the Relations registred in my Adversaria , and the
Phcenomena. of the Experiments they describe , will,I presume ,make it needless to perswadeyou that the ensuing Trials, be¬
ing transcribedthence, may be safely credited. Wherefore I
shall proceed to annex them , as soon as I have premised a few
Historical Lines by way of Manuduction to them .sTis now many years since , that having a desire to reduce
the Fire to a degree of Rarefaction that appear’d to be consi¬
derable, upon surer grounds than slight Conjectures , I at¬
tempted to do it by the help of Heat , and particularly by
that of an JEoliple ,which I have mentioned in another Tract ;

Mechtni - but Ending that the diligent M ersennas had , if there be no
cm Expe- mistake in his account , been able to rarifie Air that way , full
rimenu . 3S much or more than I could , I betook me to try , whether

I could not by the Spring of the Air ( without Heat ') pro¬
cure a greater expansion of it ? I found (as I have longsines

Uiicm . elsewhere related) that in the Pneumatical Engin , which
has been since called theMachina Beyliana , I could encreafe
; the
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i xper.
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the Expansion of the Air , til] the Body attafn’d to abotit
152 times its former and ufudl Dimensions. But this Expan¬sion, though it were above twice as great as the utmost pro¬cured by Merfemus, didnotyetsatisfie me , but put me (ac¬
cording to what I there intimate) upon another f ontrivance,which though put in practice eight or nine yea . 5 ago, ( as the
date of one of the Trials may inform you, ) had the relationof its Successes laid aside amongthose of others , made in the
fame Engin which yet lie by me unpublish d. So that I may .now proceed to give you the Transcripts of the Trials them¬
selves , as they were hastily and inelegantly , but very faithful¬
ly, set down among my Pneumatics Collections . And this I
am ready to do, as soon as I shall have intimated to you, chatin that Nob 'e Collection of Experiments that has about two
years since appeared in Publick , as the First -fruits of the justlyfamous Florentine Academy , I find, that those Virtuosi had ac¬
cording to their sagacity,so advanc’d the Extent of the Air,aswithout thehe 'p of Heat to bring the Dilatation to exceed
173 times its former Dimensions ; and that which made their
Improvement the more considerable , and consequently the
more worthy of them,is,that they procured this great Rarefa¬ction, as well as I had done mine, by the Air ’s own Spring ;and had surpass

’d without the help of my Engin , what I wasthen at first able to do by the Conveniences that it affordedme . Whereupon remembring what I had perform
’d in thatkind several years before , I sought among my Papers for theTrials I had then made , and found those Notes , whereof Inow at length think Lt high time to give you the promis’d

Copies in the following Terms .

B * t



Experiment J .

W E took a roundGlass-Egg (
'as they call them) ofdear

mettal and furnished with a Pipe or Shank of some

Inches in length ; this we fill’d with water, and convey
'd both'

it,and a Viol with Water in it, into a Receiver of a convenient

fee , and by pumping the Air out of it , we made the Bub¬

bles both in the Egg andtheViol to disclose themselves in

great numbers 5 so as to make the Liquor in the Glafs - Egg

seem to boil , and to make all that was in the Shank really to

run over. When we thought the Water was sufficiently

freed from Air , which it was not quickly brought to be , we

took out the Glasses and fill ’d up the Pipe of the Egg with

Water taken out of the Viol , and inverted it into more of

the fame Water , in such mannerthat the Egg was quite full,

Shank and all , excepting a small Bubble of Air that we

purposely left to gain the top of the Egg ; where the Glass

being transparent , with a pair of Compasses we measured as

accurately as we could , and found it to be a Tenth and less

than two Cent elms of an Inch . Then putting the Glasses

again into the Receiver , we set the Pump a work , and the

little Bubble after a while began to expand it self , which

when it had once done , it did at each suck strangely increase,

till at length it drove all the Water out of the round partof

the Glass. And least it might be objected , That ’twas only

the subsiding of the Water upon the with-drawing of the

outward Air , that before kept it up to the Top of the Glass,

we caus’d the pumping robe so continued , till the expanded

Air had several times driven -the Water in the Pipe of the

Egg a pretty way beneath the level of the external and sur¬

rounding Water in the other Glass. This done, we let in the

Air by degrees , with a design to observe, whatBubb ' e we

should find at the Top of the Egg , when the Water should
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be again driven f

op into its Cavity . But the expanded Air
had forced over so much Water , that there remain ’d not
enough to fill theGlobulous 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
small Bubble, with that of the Spherical part of the Glass ,
which we took with a pair of Caliaser Compasses; and though
we found it to be somewhat more than 20 times as great , yet
being willing rather to disfavour than flatter the Experiment ,
we suppos’d the two Diameters to be as 1 to 20 , and conse¬
quently , since as Euclid demonstrates , the Proportion be- El . 12
tween Spheres is triplicate to that of their Diameters , and Propos.
in our Cafe the Cube of the lesser Diameter being 1 , is also ult.
but 1 , the Cube of 20 the greater Diameter must be 8000 -
and so the Air appears to have, by expanding it felf,acquir'd
a place 8000 times as bag as it possest before. Nor was it o -
verseen by us , that the Gsobulous part of such Glasses as we
us'd is scarce ever made Spherical . But not only I , but
Dr , Wallis , who was pleas

’ d to assist at the Experiment , con¬
cluded, that the Cavity of the Shank , which the expanded
Air drove the Water from , but which we did not compute ,
would make abundant Compensation for the two above -
mentioned particulars. After this , forfurther satisfaction ,
we took water , laboriously freed from Air , and putting it
into the fame Glass - Egg , we inverted it as before , but left
not any Bubble in it . This we did , that , in cafe we could
make the Water subside , the Experiment might prevent a
suspicion , that some Air latitant in the Water might increase
the Bubble that was formerly left in it 5 hav '

ng then exhau¬
sted the Receiver as much as before , and , if we mistook not ,
more , the Water in the Egg did not at ali subside ; but at
length , with obstinat pumping , a Bubble disdos ’d it self , and
drove all the Water clear out of the round part of the Glass ;
and, though by .reason of some small Leaks that we could .
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not find or stop , we were not able, as before, to make tfie ex¬
panded Air depress the Water in the Shank beneath the fur¬
nace of the external Water , yet wewanted very little of it ;
and then out of weariness giving over , we found , that when
the Water was impell’d up again into the Egg , there was
at the top of it a Bubble , whose Diameter we measur ’d as
faithfully as we could , and found it to be to the Diameter of
the Globularpart of the Glass as 1 to 14 5 so that,though the
little Bubble had been a perfect Sphere , yet Spheres being, as
was lately noted , in triplicate proportions to their ' Diametcrs ,
the Bubble when expanded , must have been 2744 times as
big as the Bubble unexpanded. But Dr . Wallis ^ who will
Be allowed to be a very competent Judge in these matters ,
observing (what we all took notice of) the great thinness of
the Bubble , positively and constantly affirm ’d, that he could
not estimate it to be at most any bigger than the third part
of a perfect Sphere of that Diameter ; by which estimate the
expansion of the Bubble must have reach’d to 8232 times its
natural Dimensions.

NB , By letting in Water into the Receiver as much as it
would admit , we found, that , by reason of some secret Leak,
we had not been able so to exhaust lit , but that there re-
main’d some Air.

Experiment II .

A Small and almost inconspicuous Bubble expanded it
self , when the ambient Air was pretty well exhaust¬

ed , to more than 10000 times its former extent . The man¬
ner thus ; We took a small Bolt- head , blown by a Lamp ,which contain’d in all about 80 Grains of Water , and invert¬
ing the small Neck into a Jar of Water , it was include ; in
the Receiver , and the ambient Air being exhausted , store
of Bubbles rose out of the Water , and expanding it self,

quickly
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quickly drove all the Water out of the Loir- head. Thenre-admitting the outward Air , the Bolt - head was presentlyalmost fiil 'd 5 and all the expanded Air shrunk into a Bubblelittle bigger than a small Pins head ; then taking the Bolt -head out of the Water , and inverting it , that the Bubblemight get out at the Neck , we carefully fili ’d it up with theWater that had been freed from Air , and then inverting itas before into the Jar with Water , we again included it ,and , after some exuctions , sound, that there was gotten outof the Water into the Neck a very conspicuous Bubble ,which upon the admitting of the Air , shrunk almost into aninvisible one,and ascended into the head of the Glass. Thenagain exhausting the Receiver very well , we sound it expandit self so as to fill all the Capacity of the Bolt -head , and todrive out almost all the Water . And upon the re-admitting :,of the Air , itagain shrunk into a Buble whose Diameter (ac¬cording to our best estimate) was not bigger than one two andtwentieth part of the Diameter of the head of the above -mention ’d Glass ; so that to fill the whole Cavity of the Headonly , it expanded it self 10648 times : but because it fiil ’dlikewise the greatest part of the Neck , we found by weigh¬ing the Water that fiil 'd that part, and the Water that fiil ’dthe Head , that the Capacity os that part of the Neck , wasalmost a third of the Capacity of the Head , being as 141 to <481 : if therefore 481 , the Capacity of the Head, contain’d ic10648 times ; 141 , the Capacity of the Neck , must con¬tain it 3121 1st times ; so that , in all, the small Bubble ofAir was expanded to above 13769 times its formerBulks .
The Diameter of the small Bubble retracted was - - of amInch.
The Diameter of the out -side of the Head of the Class-was of an Inch .
The Water that fiil 'd the Head,only weigh ’d 6© * Grainss,

The
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The Water that fill ’d the Head and as much of the Neck

as the Air had before expanded it self into , weighed

78 * Grains ; so that that part of the Neck weigh
’d

17 !- Grains .
The Bolt -head it self weigh

’d 1,5 Grains .
I might have set down this Second Experiment un -ac-

companied either with the First , or with that I am going to

subjoyn ; because the expansion produced by neither of them

was , at least by measure , so vast , as that produe
’d by the

Trial newly mention ’d : but this was so stupendious , that I

thought it not so fit to present it to you by it self alone , but

rather accompani
’d with other Experiments , the least prospe¬

rous of which produe
’d a Dilatation of Air sufficient for my

present purpose , and such as may not a little confirm , That

what is recited in the Second Experiment , was neither a

lucky chance , or mistake . And that may be enough for my

present purpose > for as for the little Abatements , that some

will perhaps think fit to be made upon the score of the une¬

qual thickness of Glass or some such Circumstances , they

are not considerable enough to deserve to be now solicitously

debated , nor to hinder the expansion that trust be granted

from proving what they are alledg
’d for : wherefore I will pro¬

ceed to what follows .

Experiment III .

W E tried this Experiment again , and found a small
Bubble , much about T ~ of an Inch in Diameter,fill

’d

not only the Ball at the end of the Bole- head (which was 1 ! of

an Inch in Diameter ) but the whole Neck , which contain 'd

near as much Water as the Head , and beat down the surface

of the Water within the Pipe much below that of the Water

without the Pipe ,
These
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These Experiments already found among my old Papers^

will,I hope, without my seeking for more, suffice to manifest,
that the expansion which the Air may be reduc’d to with¬

out heat is indeed Admirable ; for if we make an estimate of

it but according to the Experiment which had the most mode¬

rate success , it appear
’d , that one space poffess’d, though not

adequately fill’d , by a portion of Air , may have its Air ex¬

tended to at least 2 744 spaces equal to it ; I fay, at least , be¬

cause very probably it was above twice as great : And if we

make our estimate according to the most prosperous of our

Trials , we must allow the Airtoberaresiable at least 13000

times (I fay again at least ) because I am not sure , that in

that Tryal it was reduc’d ( not fully , though perhaps very

near) to the uttermost degree of rarefactionattainable in our

Engin : so that I presume you will now grant , that I spoke

warily and much within Compass , when I mention ’d but

an expansion from one to a thousand.

And now having persorm
’d the promise I madeyou , it re¬

mains only that I take notice of the request that you made

me , about communicating these Experiments to the Curi¬

ous. But this desire of yours is oppos
’d by .no small incon-

veniencies that would resist my complyance with it. For it

would oblige me by tearing out these Papers , to dis-member

a Collection long ago in making , and wherein they were

plac
’d to be much otherwise dispos

’d of , and not only make

a greasgapinit , but strip or deprive it of somethings that

were the likeliest to re-commend it . Besides, that these ap¬

pearing before the rest , are odd enough to make these seem

far less uncommon than perhaps otherwise they would .

Yet all this notwithstanding , I find it uneasie to refuse what

you and those Friends that concur with you , on this occasion,
desire , that if after having once moreperus

’d these Papers ,

you peisist in the fame earnestness you express
’d yesterday

C ( when
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{
'when you had not yet seen them) I (ball not refuse you theDisposal of them , both for the Reason nowgiven , and be¬cause I have been inform ’d as well by you as by other means ,That the Rarefa6fcionof the Air is at present the subject thatbusies the Disquisitions of several eminent Firtuosi, both Domestick and Forreign , to whom I pay so much respect , thatI shall think it a happiness , if it may be acceptable to them ,not only because it will be seasonable , but because , thatthough the Engin , that most of the Attempts were madein , has not been thought altogether Barren , ,yet these Tri¬als will probably pass for one of the least Inconsiderable Pro¬ductions of it : And these two Services I hope this shortWriting may do several Ingenious Readers the one, that itwill invite and accustom them to take notice of and considermore than most, even of the most Learned , are wont to do,the great subtlety of Nature , and the scarce imaginablesmallness of thoseAerial Instruments , that (he imploys evenabout visible Operations : The other , that these Relationswill excite the more Curious and piercing Wits to debate ,and I hope help them to solve the two Problems here pro-pos'd to them ; what Figures and Motions may be assign’d tothe Particles of the Air , to explicate its so wonderfulRare-fiableness, and that perhaps without quite losing its DurableSpring ; and How the Air comes to be rarefiable so manytimes more without Heat , than hitherto we have found it tobe by Heat. To which might be added , as a Third , Whatmight be reasonably conjectural about that part of the Cavi¬ty of an exactly clos'd Class , Where , though the Eye dis¬covers no visible substance harbour'd in it , it appears not thatthe common Air does adæquately sill so mudi as the Tenthousandth part ?

NEW
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as®

MEW
OBSERVATIONS

About the

DURATION of the SPRING
of EXPANDED AIR ,

( Sub)oyn*d by way of APPENDIX
- to the fore-going E P I S T L E .)

f
^ Orafmoch as re - viewing the former Paper aboutthe Rarefaction of the Air , I' took notice in theClose of it of an Expression (viz . And that per¬haps without quite losing its Durable Spring ) whichI fear may to some Readers seem to need Explica¬tion ; it will not be improper on this occasion to subjoyn some¬thing by way of Appendix about it.First then , the Reason whv in this short Intimation Ithought fit to imploy the diffidentTerm perhaps , was , be-- cause really I had not (nor yet have) been taught by Trial ,Whether and how far the utmost expansionof the Air actu¬ally prodae’d inmy Engin , or otherwise procurable , and itsretaining a sensibleSpring, are consistent i I express my self

C % thus,



thus , to insinuate , that 1 thought of other Instruments and

Methods [whereby the Dilatation of the Air may not im¬

probably bemeasur ’d and promoted ; as by making the Tor¬

ricellian Experiment in a Glass with a very capacious Head or

Globulous part , and applying the Aerial Particles that will

ascendout of the subsiding Mercury, together with a Bubble

of other Air , if it be needful ro the use we have been speak¬

ing . Something also may be done to some purpose with ve¬

ry fine and large Fish - bladders ; but I shall not insist on these

or the other Expedients that came into my thoughts , con¬

tenting my self to have intimated and thereby acknowledged ,
that there may be other means besides the Machina Beyliana ,

to bring Air to a very great Expansion . But whether any
of them will surpass what has been actually attain’d in that

Engin , time must declare ; till when, we shall be content to

make use of the Experiments it has already actually furnisht

us with .
Wherefore to come to the second or other remaining part

of it , whereas in the mentioning of the Spring of the Ex¬

panded Air , I imploy
’d the Attribute of Durable , you

may easily gather the Reason from what lam now going to

annex.
I had observ’d , not without some wonder , in the Inquirers

into the Nature of the Air,that they have not,that I know of ,
so much as attempted to discover , Whether the Air eirher

in the utmost or in the intermed rate degrees we can bring it to ,
does retain a constant and durable Elasticity ?

For first , Men have not yet determin ’d , Whether a por¬
tion of cur common Air being extctly shut upin an Hermeti¬

cally seal’d Glass , or some other exactly clos’d Vessel , will

constantly and uniformly , for a moderate time at least , re¬

tain the degree of Elasticity it hid when ’twas shut up ? And

whether it will not sometimes vary its pressure , as we fee

that the Atmospherical ( though I think upon peculiar
grounds)



grounds) is by the help of our Baroscopes obscrv’d to do ?

Next it does not appear , Whether included Air , in cafe it

retain an uniformElasticity for a moderate time , will retain

it for a very long one ? Nay , Whether it would not at length

come not only to have a weaker Spring , but perhaps to have

no sensible Spring at all 1 as we fee it happen in Sword-Blades

and divers other Springy Bodies , which after having stood

too long bent , will continue so, and lose their formerpower

of Self-restitution, as they call it .
Thirdly , Men have not yet determin’d anything about

the degrees of the Airs Elasticity , Whether the Durable-

ness and Uniformity , or Varying of its Strength , may not

depend upon the differing degree , it had when ’twas first

shut up ?
Fourthly , Much less have we yet attempted to discover ,

Whether the Spring of an inclos'd portion of Air may be

sometimes weaken’d , and sometimes strengchen
’d by the

Changes , as to Gravity , of the utmost Atmospherical Air,

the New and Full Moons To which I might add divers other

external Accidens , which as yet we scarce suspect . And to

these I might add some other Doubts and Inquiries , that

may not be impertinently suggested, but here would, I fear,

pass for a Digression.
Wherefore I shall proceed to tell you , that having taken

notice of it , as an Omission among the Inquirers into the

nature of the Air , in whose negligence I was too long a sha¬

rer, that we have not , that I know of , so much as attempted

to discoverthis it self : Whether the Air either in the utmost

or in the intermediate Degrees of Rarefaction we might

bring it to , would for a considerably long time retain its E-

lasticity , or at least some determinate degree of it , or lose

it by determinate and regular Decrements , I thought sit to

make some Trials about this matter , but cannot brag of the

success of my Intentions , having been hiadred either by
want



want of Instruments , or by ReraoVes , or by Sickness , or
by unlucky Accidents , or by one unwelcome thing or other ,from accomplishing what I had chiefly designed , and partlyalso made some progress in it $ but yet to give you some hints,as well as some occasion to more prosperous Experiments ,I shall not stick to annex what I readily call to mind about
my attempts on that occasion .

I remember then , that when I first began to try somethingin order to my design , being destitute of fit Accommodati¬
ons , I was fain to content my self, by causing a good Bubble
of Glass with a Stem to be so blown at the flame of a
Lamp , that whilst the Ball was yet exceeding hot , 2nd con¬
sequently contain’d none but highly rarefi 'd Air,the Stem was
very nimbly dapt into the flame of a Candle that was pur¬
posely kept ready at hand ; so that being slender , it was in a
trice seal ’ d up , and the Air within remain’d as -much expand¬ed as the great heat, it had been expos

’d to , had brought it to
be. This Bubble many Moneths after , I inverted into a Ba¬
son of Water , and having broken off the Seal under the' Surface of it , the Liquor was violently impell’d into the Ca¬
vity , but yet was not able. to fill it , a considerable part be¬
ing defended from the further ascension of the Water by the
Spring of the remaining Air , which for all ,the long stretch it
had been put to , had not lost any thing of its Spring that
we could take notice of. But this was a Trial , in which I
could by no means acquiesce 5 and therefore when I was a
little more be - friended by opportunity , I try

’d another way,
partly to give a somewhat pleasing surpriie to unaccustom’d
Beholders , and partly , bscausethough it could not sliew all
that I desir’d , yet it might ptkinly sliew, that the Air , even
at a very considerableExtension , would hold out for a consi¬
derable time . Wherefore leaving a very small proportion of
Air in the Folds of a fine limber Bladder , whole Neck was
very closely tied , I cans’# it to be , by the help of the Ma-
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china Boylkm , so expanded , that at length it so dilated Itself, as to seem to fill the whole Bladder , and reduce it tothe extent it had just before ’twas empty ’d *, and the Bladderby a peculiar contrivance was so included in another Vessel ,that being protected from ail inttusion of the outward Air , itmaintained its plump and tumid Figure , and in thatunwrinck -led state I strew'd it , many Msneths since , to some virtuosi,( now here in London) after it had continued so , if I mistakenot , near two year. Since the writing of this , I did atlength find the newly mention ’d Vessel , and sliew ’d it tosome curious Spectators , who with me took notice, that theincluded Bladder, instead of being wrinckledor slrrunk , ap¬pear d to be plump and full , as well blown Bladders arewont to be : so tha tmanj Moncths ( perhaps a dozen) may beadded to the freshly mention’d Duration of the ExpandedAir.
But this way satisfyingme neither as to some of the Parti¬culars I desir ’

amy Attempts should discover, I devfs ’d a lit¬tle Instrument , whose Contrivance though it seem ’d verysimple , promisM, and for some time gave me a far more ac¬curate account of what I expected. The Instrument, if yondesire it , I can easily shew you , having lately been forc ’d tomake a new one , which is now by me 5 but it may suffice totell you , that *tis so fram’d ; that ’ tis fit to discover , besidesdivers other things , Whether and how long Air brought tothe greatestExpansion I could conveniently reduce it to inmyEngm , will retain itsSpring i And by what degrees or stagesand periods of time , the decrement , if any be , is made iBut of the issue of the Trial made in it , I can give you buta very imperfect Account , in regard that , though I made itabout three years ago , yet having left the Instrument in a• place where ’tis so lodg ’d , that I cannot have it without re¬turning thither , till I fee it again my self, I dare not ventureto judge of the success of the Experiment ; only this I re¬
member,
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member , that I took no notice of any observable diminution

in the Airs Elasticity , though it were prefs
’d, and,as it were,

clogg
’d with a weight , that one would wonder how it

could , when ’ twas so highly rarefy
’d , support for one

* sec the minute *.
? 6I}- There is also another way that I contriv ’d , wherein the A :r

crtpt' in a little portable Instrument, which I can (hew you , being

expanded,as one may guess , to 5 or 600 times (perhaps ioco

times ) its wonted extent , has not only for along timepre -

scrv ’d its Spring , but satisfies me also about one of my chief

Orreries ,which was,Whetherthe Air very much dilated with -

outH eat , would be considerably sensible of external Heat i

Which it plainly appears to be in this Instrument *, where,not¬

withstanding the great Rarity , it has alreadyattain
'd and

seems likely to preserve , the Heat of ones hand appli
’d to the

outside ( of the Vesiel ) has a quick and very manifest Opera¬

tion ; and. upon the with -drawing of it , the sensible Air

quickly returns to its former Dimensions , as well as temper ?

so that one may employ it as a kind of Weather -Glass , and

perhaps make some discoveries by long comparing it there¬

with .
But hitherto,I have been doing , what I do not love to do ,

and very rarely have done when I mention my own Experi¬

ments , that is , I have not punctually specified any deter¬

minate quantities and proportions of the things spoken of ?

but one of my former Trials I have newly found out , registred

in a loose Note , and therefore the Quantities being an -

' nex'd , I hope it may both give some countenance to what I

have been saying , and give you some , though not an entire

satisfaction about the thing it self.
March A Glass as Cylindrical as we could get it blown at our

2b. Lamp , and having a long Stem coming out at the unfeal 'd

end , was quite siil'd with Water and inverted into Water

placed at the bottom of a large Pipe seal’d at one end , and
of



of z or 4 foot in length . This external Pipe , so called for

distinction fake , was exhausted , till the Air, that disdos ’d it

self 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 $ at which great Expansion of the Air , the exter¬

nal Pipe being speedily and securely clos ’d by a certain con¬

trivance ; the Air thus raresi’d was kept sometimes in my

own Chamber that was warmer , sometimes in an under-

room ; and after it had been kept from first to last about n

Weeks or z Moneths , if I mis-remember not , without any

other remarkable Variation , than that in the cold room , the

Water ascended , as I guefs
’d , about * , or near ~ at that part

of the internal Pipe where the lower end of the Cylinder

gradually lessen d it self into the slender Stem . Yesterday I

invited Doctor Wallis to be present at the breaking of the

Glass , and to savour me with his assistance , for the better

estimating the Expansion of the Air upon the breaking of

the clos ’d Apex . The Water was but leafurely ( because of

the slendernefsof the Orifice that was made for the Air to

get into it) impell
’d up into the formerly deserted Cavity of

the Cylinder , which it fill ’d all , save a little Bubble which

was exceeding shallow. We made use of our Eyes at a fit

distance , and of Compasses both ordinary and Callaper , to

obtain these measures. The Cylindrical part of the inter¬

nal Pipe was z Inches in length and | of an Inch ( or less in

Diameter on the outside .) The Bubble was ^ in Diameter

and about 2 Centefms in depth : From all which , by the Do¬

ctors Calculation , the Bubble, to the space it possestunex-

panded , was as 1 to 13 50 .

D New



New Experiments
Touching the Condensat ionOf the AIR by meer Cold ,And its Compression without Mechanical Engins*

B Ecaufe ’
tis as truly as commonly said , that ContrarUjttxta se pefita nugis elucescunt , and because what Iam now going to interpose , is little less than necessa¬ry to be premised , to clear the way to what follows , and toconnect the past writing to that which is to ensue; it will notbe improper to add something in this place touching the Con¬densation and Cmfression of the Air.And here I cannot but a ’little wonder , that among somany , that have had occasion to consider the nature ofCold , aud the Condensation of the Air by it , I have notyet met with any that have had the curiosity to measure thatCondensation ; wherefore I long since attempted to do it, asI have related in another discourse ; but not having that bymeat present , and remembring in general , that I did it inWinter , when it maybe objected , that the Air being al¬ready præ- assected with the coldness of the season , was notcapable of being - so considerably contracted by an additionalcold , as it would be at a time of year , when it is wont to bein a state of greater laxity ; I thought fit to make the Expe¬riment about the beginning of Autumn , without tying my

self to make it with the same circumstances that I had donsbefore ; the Event of this Trial I find registredas follows .

After
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[ After the midst of Stftemher , on aSun -fhiny day , andabout - Noon (whichcircumstances we made choice of , thatthe Air might be the more rare and expanded) we took aBolt- head or round Viol furnished with a long Stem , andplac ’d it in a Frame purposelyprovided , so that the Stem was

perpendicular to the Horizon , and the globous part was sup¬ported by such a Vessel , that thorow a hole , purposelymade at its middle , the Shank reach ’d downwards, till theOrifice of it was a little immers’d beneath the Surface of aClass full of Water , that was plac
’d at the bottom of theFrame . This done, we took a good proportion of Ice , andhaving beaten it in a Mortar , andmixt it with a due quantityof Bay - salt , we not only laid round about the lowerpart ofthe Ball , but the Vessel, contiguous to that part , being pur¬posely made with turnd-up brims , we were enabled to heapup the frigorifick Mixture , so as to bury the whole globu -lous part of the Glass in it , and cover the very top of ittherewith to a considerable thickness ; upon which occasi¬on the Air within being exceedingly refrigerated , the Wa¬ter, into which the Shank terminated , was»made to ascendsomewhat fast along the Gavity of that Shank r till we per-ceiv’d it would reach no higher ; but after a whilebegan tosubside again *, which nick' of time being careful y watch ’d ,we made a Mark at the highest Station of the Water , andthen taking out the Bolt- head, wefill ’d it with Water , ma¬king an allowance for that small part of the Stem which wasimmers’d at the beginning of the Operation . This Waterwe weighed , and found it amount to nineteen Ounces andsix Drachms ; then weigh ng as much Water , assuffic’d tofill the Shank up to the Mark newly mention’d , jye foundthat to be one Ounce and three Drachms $ by which numbertheformer being divided , theQgotient was .14^ Drachms 5so that the proportion of the two quantities of Water ; beingas 11 £0158 , thespace into which the Air was condensed byD 2 Re -
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Refrigeration , was to the space it possese

’d in its former state
of laxity as 147 to 158 , and consequently the greatest
Condensation, that such a time of the year and in such Wea¬
ther , so high a Refrigeration could bring the Air to, made it
lose but of its formerextent J

NB . First , The Stem of the Class ought to be of a con-
fiderab ' e length , least by the great contraction, made of the
Air in the Ball by its high refrigeration, the Water should a-
scend into the Cavity of the Ball it self, and thereby become
exceeding difficult to be measur ’d.

Secondly , If one would be nice, one may take notice , that
the height to which the Water ascended in the Stem , was a-
bout two foot ; which Cylinder of Water , by its weight or
tendency downward , might somewhat hinder the Liquor
f rom ascendingquite so high as it would , and consequently
keep the Condensation of the Air from appearing fully so
great as it was, but so light a Cylinder as that of the suspend¬
ed Water , would scarce be very considerable.

Thirdly , When the Water was ascended near as high in
the Shank as it would rife , there was observ’d in it an odd
kind of Subsultus , or rising and falling alternatively , almost
like the Mercury in the Torricellian Experiment , before the
Mercury comes to settle after its first subsidence. QBut the
consideration of this Tbanomenon belongs not to this place ;
for which reason I insist not on this , and forbear mentioning
some others .^

Fourthly , That though it appears not by this Ex¬
periment , whether the Cold thus produced is equal to that
of Frosty Weather in Winter , and consequently capable os
contracting the Air as much as that season is wont to do ; yet
by preceding Trials made with fit Instruments , I had found
that by such an application of Ice and Salt as we had made

io
i



in the late Experiment , a greater degree of Cold , and that

in a warmer season , might be produced , than had been found

necessary to make Frosty Weather in Winter : The way of

Experimenting for brevities fake I omit , but if you please

you may command it . 3
But kis not chiefly to acquaint you with the Condensation

that Nature uses to mak e of Air , that I have been entertain¬

ing ypu with these Memorials ; for that which makes it very

pertinent to my present purpose is , that it will shew you,that
as to the Condensation or Compression of Air that I am to

recite , though Cold were eraploied about it , yet it was not

really produced by Co ' d , which could not contract the Air

to so much as half that degree , you will find it wasreduc ’d

to by our Operation (presently to be mentioned ; ) wherein

the frigorifick mixture did not primarily or immediately com¬

press the included Air , but only so affected the Water that

was shut up with it in the same Vessel , as to make it swell ,
and consequently crowd the Aerial Particles into less room :

Wherefore it now remains that we proceed to the Experiment
it self ; a short Account of which , be pleas

'd to take in the

ensuing Transcript .
QTo convince some Strangers , we took a new Glass Bolt -

head , with a Neck not long , andfill 'dit so far with Com¬

mon Water , that being Hermetically seal 'd , the Liquor
reach 'd within three Inches of the Top , as near as we could

guess , by measuring with a Ruler , and making an Estimate

of the sharp end , made so for the conveniency of sealing up
the Glass ; which sharp end we guess

’ d to be about ~ of an

Inch in length $ then applying Snow and Salt to the lower

part of theBolt -head , we readily drove out the Water fur¬

ther and further into the Neck , till at length it was got up
to the Basis of the sharp and coacal end , where the Glass

was seal’d ; and then just as I was looking upon it,the Glass

flew with a .
noise about my Ears , being broke into many

pieces ,



( rr )
pieces , which argued the Compression of the Air to havebeen very great . And Dostor Wallis , who was present, andmeafur’d it from time to time , desired me to register the Ex¬
periment , with his Estimate of the Compression , which
was, that the Air wasreduc’d into the 40th part of its formerExtension . J

I know so great a Condensation of Air will seem strangeto those , that have taken notice , that some of the best Ma¬thematicians of our Age , that have made use of Wind -
Guns and other forcible Engins, to crowd the Air into as nar¬row room as possibly they could , confess themselves not tohave been able with all their strength and industry to forcethe Air into less than the 15th part of its usual extent ; and

see Mer besides , that this was done in I ountreys,where the Air may
rncrn

*' vveN he fuppos’d more laxe and rare than in EngUnd . I
frop . j r . confess , I saw no Trials made with Wind - Guns , that con¬vinced me that the Condensation was so great as that newly

specified : ( about which Mersen. himselfsomewhat hæsitates,seeming to doubt , whether the Air were indeed restrain ’d into
a 15th , or but into one 8th part ot its former room .) Andhe that hath observ’d and considered , as I have done , that
in Wind - Fountains (as they call them ) of Glass , the Air
will seem to be notably comprefs’d , whilst indeed we could
not find it comprefs’d into much less than its third part , willbe the less unapt to be diffident of the great things that are
said of the Compression of the Air ; but because Experi¬ence has informed us that our English Air -may in peculiarInstruments be forcibly crowded into a 10 th, 12th , or per¬haps a 15th part of its former extent , I am content to takeit for granted , what is related about the Compression of the
Air into the 15th part of its usual dimensions : and yet our
Experiment will be a considerables instance of the great com¬
pressibility , if I may so speak, of the Air ; for according to

the
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the Estimate delivered in thefore-going Narrative, or Com¬pression , which was without MechanicalInstruments or En-gins , reduc’d the Air into the 40th part of the space it hadlately possess’d -, and how great a force is requisite , whenthe Air is once considerably condens’d , to surmount , thoughbut a little , its great resistance to further Condensation ,may be gathered from the Observations about the gradualrenitency of the Air to Compression , which we many yearssince made with Mercury , and afterwards published in ano- Defencether Treatise : but though , upon the recited grounds , thatgreat Compression of the Air produc ’d by our Experiment ,

mus‘m y , as I was saying , seem very strange , yet it would notseem incredible , if I should here borrow those Experimentsand Observations from my already publifh’d History , andsome unpublijht Papers about Cold , that would countenancewhat I have been delivering; and especially if I should stayto communicate to you the way , I not unsuccessfully madeuse of , to estimate by weight the great force of the expan¬sion of Water upon its freezing. But since an account ofthiscontrivance is not here necessary , and would require moreleasure than I can spare at this time 5 it remains only, that byway of Corollaries from what has been hitherto delivered inthis and the two precedent Writings , we rather point at, thandiscourse of, some Observations that it suggested to us , inthe ensuingPaper.

Of

. -



( 24 )

Of the Admirably Differing

EXTENSION
Of the same Quantity of

AIR
Rarefied and Compressed .

H
Aving already declared ,

that what I pretend to in

the Close , is but to set down some Observa¬

tion! , that result from , or are suggested by

what hath been already delivered ; I presume I need

not trouble you or myself , with any other Preface to what

follows .

That then which seems first worth taking notice of , is the

differing alterations that the Air is subjected to by Cold and

Heat ; For whereas we could not find in this our Climate ,
that Cold would reduce the Air into near the acthpart of

its former Extension by Condensation ; Heat would ad¬

vance it to near 70 times its usual Laxity by Rarefaction.

Next ,
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N ext , We raay obsei ve , That by Engins and other Ar¬tificial Instruments , the Air may be two or three times asmuch compressed , as Nature is wont to condense it by Cold ,even in Frosty Weather ; and so on the other side , the Airmay ^ y the intervention os Art and Instruments be muchmore rarefiedand expanded , than it has been yet found to beby the .bare application of External Heat , though it were thatof an intense Fire it feist

Furthermore , It may seem worth while, to observe , how see , mtmuch the utmost degree of Rarefaction by Heat , that Ex -
periment has

. shewed us of the Air , falls short of the Degree #» byof Expansion , to which it has been advanced in our Pneuma,- | ^ e
’
ntical Engine , the proportion betwixt these two Expansions rJcog.
’

being that of i to 70 , or thereabout W -But perhaps it will not be necessary to conclude , That the Mat em’Air is so much more rarefiable than compressible, as mostReaders will be prone to infer , by comparing the greatestCompression and Expansion of it , that are mentioned inthese Experiments ; since , if I mistake not , it ought to beconsidered , that the Air , we made our Trials with , uponthe surface of the Earth , was not ( no more than is theAir we commonly breath) properly in a true naturd Consist¬ence as they speak , or, if you please, in afiee and indiffe¬rent state in reference to Rarefaction and Condensation , butwas already highly comprefs’d by the . weight of the Atmo¬spherical Pillar that lean’d upon it : so that it had already avery strong renitency -to further Compression ; whereas theAir that was to be rarefied , had by vertue of its Spring(strongly bent by the weight of the Incumbent Air) a strongPropension or tendency to dilate it self ; which difference Imust content my self to have intimated , and leave you~ to- -consider , Whether and how much it may alter theCafe . . •

E
Fourthly ,



c »o
Fourthly , To some perhaps it will seem more fit to con¬

sider , thaneasie to resolve , how , since the Corpuscles of

the . Air are acknowledge to be heavy , and those that re¬

main, must be so wonderful thinly disperst , in the Cavity of

the Receiver they come to be supported , and kep% as it

were swimming therein, and do not appear to subside by their

own weight , the Materiajubtilis ( though the presence of

that should be admitted ) not appearing to have gravity ,
wherewith to sustain them and the Vacuum ( if that be sup-

pos
’ d wherever the Aerial Particles are not,) being too near

a- kinne to nothing , to be able to oppose their descent : but

though something may be suggested about the solution of

this doubt , my haste obliges me to leave it such.

Fifthly , I will not make it my business to make mention ,
in this place , of the wonder that may be justly excited in

those , that , when they look on one of our well exhausted

Receivers , attentively consider, how small a proportion , the

common Aerial Corpuscles , which are very sparingly di-

spers
’d there, bear to the whole Cavity of the Vessel , which ,

before it was exhausted , was thought to be replenilht with

Air alone . This I fay , I shall not sollicitoufly observe , be¬

cause I think I need not ; for I little doubt , the thing will be

obferv ’ d and laid hold off , both by the Cartesians and '
Epi¬

cureans ; the former of which will endeavour thereby toe - . (

ftablisli the necessity of their Materiafubtilis , to maintain the

Plenitude of the World , and the Circle they attribute to

Moving Bodies ; and the laterwill here triumphantly pretend

to have a more illustrious instance , than ever, of their Vacu¬

um coacervatum within the World , since here is an impene¬
trable Vessel , out of which ’tis manifest that an almost incre¬

dible proportion of Aerial substance hath been manifestly
made toistue 5 whereas ’ tis no wayes manifest to any of our

Senses , that any other body has got in to succeed in its room :

Wheiefore -leaving them to debate , what it is that is contain’d

\
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in that far greatest parr. of the Vessel , that the Air puropc

out of our Receiver has deserted , I take notice ,
'

Sixthly , That , to conclude with what was the main

drift of this ’and the fore- going Papers , we are here invited

to observe with won ’er the stupendious mutability of the

Air , as to rarit y and density , whereby the fame quantity of

Air being sometimes comprefs
’d , sometimesdilated , may

change its dimensions- to a degree , that seems almost to tran¬

scend the power of Nature and Art ; and by consequence

might probably be rejected as incredible , if it were abruptly

and nakedly propos
’d : and therefore it will be convenient to

do, though very briefly , these two things :

First j To consider , what we have upon experience deli¬

ver’d in our Defence against the Learn d Linus , touching

the Condensation and Rarefaction of the Air , as ' tis exposed

to a greater or smaller pressure , without the intervention of

either External Heat , or elaborate Engins. For from these

Experiments ( that may be found in the lately mention ’d

Defence *) Eminent Mathe -

maricians have inferr’d , that
* cj iaP >f wflose ^ ‘tle ^ r J ™

one can scarcesafely put de- SE ? !
1
?

*
? !

terminate limits to the flu comprej '
s>

£i ^nddilated.

pendious Raritv , which the

upper part of the Atmosphere , being almost totally un-com-

press
’d by incumbent Particles of Air , may be supposed to

have by Nature , un-assistedby Art .
And this is the first of the two things , I above desired to

have taken notice of. But the other ( which though it be but

the second , is much the more considerable) is , toconferre

together the smallest extent , to which we have reduc’d it

by Condensation , and the greatest , to which we have ad-

vanc’d it by Rarefaction, after having taken notice, that , ac¬

cording to the least estimate of any recited in the fore-going -

Experiments , the extension of the famequantity of Air * is
as
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as i to 2744 j or thereabouts , and if

5 instead of the moder?-
test , we take the greatest Expansion of the Air , being ( ha¬
ving out the odd hundreds to make the rounder number)
as 13000 to 1 , when the uncomprest Air was highly rarefied,
that number being multiplied by 40 , because of the fore-
mentioned compressionof the Air , will amount to 520000 ,for the number of times , by which the Air at one time
exceeds the fame portion of Air at another time : which isa
difference of Expansion so great , that I hope it will keep
you from thinking the Title of the fore- going Epistle , where
the Expansion of the Air is called admirable , immodest ; e-
fpecially since I have for born to mention , what probable ar¬
guments might be offer ’d , to prove it at least possible , that
the industry of men , and perhaps our own , may find means ,
to make both the Condensation and Rarefaction of the Air to
exceed,the uttermost , whereto we have yet been able to
bring them .

PO ST S C R I P T.
Touching an observation to be inserted above , Pag . 16 . im¬

mediately after the Mark *.

S ince the writing of this , the Author ch need to findone
of the lately mentioned Instiuments , of a considerable' bigness,whiefrwas presumed to havemiscarried ; and com¬

paring it with a Memorial made , when 'twas first compleated,to keep in memory the heights , dimensions, & c. of the inclo¬
sed Mercury and dir > we found , that in about 10 weeks there
Was not any considerable variation of them 5 and the little
shrinking of the Air , which was discoverable by an attentive
Eyer

'was not such but that it might be probably ascribed to the
change of tire weather to a far greater coldness , which mightbe supposed,a little ( and it did it but very little ) to weaken’the f pringdsthe included Air , and consequently abate of its
full refinance to the pressure of the Mercury in the longer legof the Syphon .

-FINIS .
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