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To the Reader.

tife being far more proliz
4p them becomes a Letter, and

§ then 1atfirftintendedit; I
oo oy CP am very unwilling to ens
creafe eady excefsive bulk of the
Book bya Preface, yet there are [ome par-
ticulars that I think my [elf oblig’d totake
notice of tothe Reader, as things,thas will
either concern him to know, or meto have
known,

In the firft placethen: 1f it be demand-
edwhy I publafhto the World a Lester,which
by its Stile and diverfe Paffages, appears
10 have been written as well Fory, as To 4
particular Perfon ; Ihave chicfly the[e iwo
things to anfwer : Theene, That the Exs
persments therein related, having been ma
#y of them trydinthe prefence of Ingeni=
oy Men s and by that means hawing wade

43 fome
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"T'o the Reader!

[fome noife among the Victuofi (infomuch
that [ome of them hawve been [ent snto Fo-
reign Conntrics, where they have had the
luck not to be defpif°d) I conld not without
quitetyring more then one Amanuenfis,give
ont half as many Copies of them as were fo
carneftly defired, that I could not civilly
refufe them.  The other, That intelligent
Perfons 10 matters of this kinde per [waded
me, that the publication of what I had ob-
[ervd touching the Nature of the Air,
wosld not be ufeiefs tothe World ; and that
inan Age [o taken with Novelties as is ours,
thefe wesw Experiments would be gratefulto
the Lovers of free and real Learning: So
that I might at once comply with my grand
Defign of promoting Eiperimental and
Ufcful Philofophy, andobrainthe great [a-
tisfaction of giving [ome 1o ingenions Mens
the hope of which, is,1 confefs, a tempta~
tionthat I cannot eafily refift.

- Of my being [omewhar prolix in many
of my Experiments, 1have thefe Reafons
torender, That [oine of them being altoge-
ther new, [ecm'd to need the being circum-
Rantiallyrelated, to keep the Reader from
diftrufting them: That divers Circum-
flances I dvd here and there et down for fear
of forgetting them, when 1 may hereafter
have




T'o the Readerd

bawe occafion to make ufe of them in my 02
ther Writings: That in divers cafes 1
thought it.neceffary to deliver things cire
cumflantially, that the Perfon 1addre(fed
them to, might withont miftake, and with
as little tronble as is pofsible, be able to re=
peas [uch wnnfual Experiments: and thas
afier Iconfented tolet my Obfervations be,
madc publick, the moft ordinary Reafon of
my prolixitywas, That forefeeing that [uch
atrouble as I met with in making thofe try=
als carefully, and the great expence of time
that they neccf[arily require,(nos to mention
the charges of making the Engine, and ims=
ploying a man to manage it) will probably
keep mofl men fromtrying again thefe Ex-
perimentss 1 thought I might doe the gene-
ralityof my Readers no unacceptable peice
of [ervice, by [o punctually relating what
I carefully obferv'd, that they may look up~
on thefe Narratives as [fanding Records in
onr new Puenmaticks, and need not reites
rate themfelves an Experiment to have a6
diftinct an idea of ity as may [uffice them
10 groundtheir Reflections and Speculations
upom.

And éccau]ife [ometimestis the Difcour[e
prade upon the Experiment that makes it
appear prolix, 1havecommonly left a con-
: A4 4 [picuous




To'the Reader?

fpicuons interval betwixt [uch Difcourfes)
andthe Experiments wherenntothey belong,
or are annexed s that they who defire onely
the Hiftorical part of the account we give
of owr Enginc, may read the Narra.
tives . withaut being put to the trouble
of reading the Reflections too: Which I
kere take notice of, for the [ake of thefe
that arewell ver[dinthe New Philofophy,
and in the <Mathematicks 5 that [uch
may skip what was defien’d, but for [uch
Perfons as may be lefs acquainied even then
I, with matters of this nature (fcarce fo
wmuch as mention’d by any Writer in our
Language) and not far them  from whom
I [Lallbe much more forward to learn, then
vo pretend 1o teach them. Of my being
wont to [peak rather doubtfully, or hefirant-
Yy, then refolvedly, concerming matters
whercin I apprebend fome difficulty, 1 have
in another Treatife (which may, through
Gods Afsiftance , come abroad ere long)
given aparticular, and 1 hope a (atisfacto-
7y acconnt: Whercfore I [ball sow d:fend
my Praétice but by the Obfervation of Aui-
frotle, who fomewhere notesy That to [eem
to know all things certainly, and to(peak
pefitively of them, is atrickof bold and
youg Fellows: Whereas thofe that are 1n=

dced



To the Reader?

deedintelligent and confiderate, arewont to
imploy more wary and diffident Exprefsi-
ons, or (a4 he fpeales) oes1d4ATI dei T tews,
% 7o TEL)A

There are divers Reflections, and other
Paffages in the following Epiftle, and cven
fome Experiments (occafionally mention )
which may [cem either impertinent or [u=
perfluons, but are not [0: Being purpofely
written, esther to evince fome truth oppof°d,
or difprove (ome erroncons conseit wiain=
tain’d, by [ome eminent New Philofopher,
or by [ome other Ingenions Men , who, I
prefum’d, would eafily forgive me the ha-
wing on [uch occafions purpofely omitted
thesr Names 5 though an inquifitive Perfon
will probably difcover divers of them, by
the mention of the Opinions difprov'd in
the Experiments I am excufing.

Ever fince 1 difcern’d the uftfalnefs
of [pecularive Geometry to Natural Phi-
lofophy,the unhappy Diftempers of my Eyes,
have (o far kept me from being much con-
verfant i it,that 1 fear 1 [hall need the par-
dow of my Mathematical Readers, for [ome
Paffages, which if Ihadbeen deeplyskill'd
in Geomelry, I [bowld havetreated miore ac-
Curately,

And




To'the Reader]

s And indeed, bzwmg, for Reafosns elfes
where deduc'd, purpofely képs my [aﬁwx
firanger to ma[f of the new Hiypotheles in
Philo[ophy, I am f[enfible enongh that-the
Engine I treat of has prcwdd with mc to
wrste of fome [ubjects which are(ufficicnts
{y remote from tbo/e I hawe becn* moft con-
verfantin,  And havirg been reduc’d to
write the greateft part of the enfuing Lettcr
ata diffance, not onely from wy Library,
but from my own Mansfcripts, I cannot
but fear that sy Difconr{es do not enely
want many choice things wherewith the
Learned Writings of others might have en-
riched or mzéel/zﬂwd them: But that partly
for this Reafon, and par tly for that touchd
upon alitsle before, 1t 5 pofsible I may
bave mention'd [ome Notions already pub-
lifbd by others, without taking notice of the
Authors, not ot ¢f any deﬁm todefrand
deferving Men, but for want of knowing
fuch particulars to have been already pub-
(il d by them : E/}mcm!/y the Experiments
of onr Engine being themfelves (ufficient
to bint fz/cb Notions a5 we build ﬂpa/;
thens.

The order of the Experiments ewry
Reader may alter, as [nits ée[ with his. own
Defign in pernfing them: For not melyﬁnll

thofe



To'the Redderi

thofe betwixt whom there is an Affinityin
Nature (by belonging to one [ubject) are not
always plac'd one by anoiher, bus they are
not [Hll [ct down [0 much as in the order
wherein they were made 5 but moff commen-
lyinthat cafual one wherein my occafions in-
duc'd me to difpatch them to the Pre[s. And,
which ts worfe, I1did ufually (end quite a-
way the former EXperiments, before the
later were written, or perbaps (o much as
made : Whereby Iloft the advantage of cor-
recting and [upplying the Imperfcitions of
what I had formerlywritten, by the light of
my [ubfequent Tryals and Difcoveries.
3efides all this, the diffemper in my eyes
forbidding me not oncly to writemy [elf fo
much as one Experiment, but cven toread
over my [elf what I dictared to others. I can-
not but fear that befidesthe Authorsmiftakes,
this Edition may be biemi[ld by many, that
may beproperly impuied to aweryunskil-
ful Wwrster (whom I was often times by hafte
veduc'd againfl my cuflom 1o imploy) and
may have efcaped ihe Diligence of that
Learned Friend, that doesme the favor to
over-[ee the Prefss cfpecially there being
the diffance of two.days Fourney betwixs it
and me. : '
d need ot perhaps reprefent to the equi-
rahle
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To the Reader! ‘
table Reddery how much the [trange Confus
fions of this unhappy Nation, in the midft
of which I have made and written thefe
Experiments, are apt to difturb that calm-
mg of Minde , and wndiftraitedne(s of
Thoughts, that are wont to be requifite to
Happy Speculations.  But I prefume,
that by all the[e things put together, he
will readily perceive, That I have becn
fo far from following the Poets prudent
Counfcl touching the jlow Publication of
Books defign'd to purchafe credit by,

—— Nonumque prematur in Annum

that I [uffer this Treatife to come abroad
intothe World with a multitade of Difad-
vantages.

But if it be demanded, why then 1did
not make it fitter for the Prefs before 1 fent
it thither 2 my Awnfwer muft be, That not
at fir fimagining that this [ort of Experi-
ments would prove any thing near [otronble-
[ome, either to make, or to Record, asl
afterwards found them, Idid, to engage
the Printer to difpaich, promife him vo [end
bim the whole Epiftle in awery [bort time :
Sothat althonah new and then the occafional
vacations of the Prefs, byreafon of Fefti-

vals,




'Tothe Reader,

wals, orthe abfence of the Correftor, gave
me the leifure to ex(paciate npon [ome [ub-,
jects yet being oftentimes call’dupon to dif
patchthe Papersto the Prefs, my promife,
and many unexpected Avocations, obliged
me t0 a hafte,which, though it have detraci-
ed nothing from the Faithfulne[s of the
Hiflorical part of our Book, has (I fear)
been difadvantageons enough to all the reff.
\And I made the lefs [cruple to let the fol-
lowing Papers pafs out of “my hands, with
all their Imperfectionss becanfe, as the
- publick - Affairs, and my own , were then
circumftancd, Iknew not when (if at all)
" 1 [honld be againin a condition toprofecute
Experiments of this kindes efpecially
[ince (to omit my being almoft weary of be-
ing, as it were, confin'dto one fort of Ex-
periments) Iampre-ingag’d (if it pleafe
God to vouch(afe me Life and Health) to
smploy my firft leifureinthe publication of
[ome other Phyfiological Papers ., which I
thought “twonld make me much the fitter to
takein band, if Ifirft difparchd all that
T had at this time to write touching onr
Engine.

I have this further to adde, by way
of Excufe, Thatas it has been my defign
in publi[hing thefe Experiments to gratsfie

Inge-




T6 the Reader

Ingenions men s fo,af I havé not Peen
muchflattered, 1 may bope that the vari=

ous hints to be met with in the Yollowin
Letter, will (at leafty [omewhut awaken
mens thoughts,erexcite themto new (pecilan
tions ([uch as perhaps.eveninguifitive men
would [carce elfe.dight upon) and-Lnced nos
defpair, that eventhe examination s [uch
wew Sufpicions and Enquiries wilbhenceal s
fos at leaft Oscafionally, be facilitated: ¥
faid Occafionally; becanfe it being, as’tis
proverbually [aid,. Facile Inventis:addere,
It fecrns not gryatiandl. to ex pol¥y thar our
Enginet [elf, and -divers of aur Experiy
ments, will be much promored-by the Indye
fory of Inventive and Math:meatical ¥ s,
whole contrivances may eafily etbencorredt
or fupply, and confcquently furpafs many of
thofe we have made ule of . Mowdyipareiomws
barlysif Men by skiil and yoticnee an'vky
rive both 1o ewacuare [nch Resesarers, s
ourss tillthere be no more dirl:jtinthem,
thes there [eems tohave rematnd in the
Glaffes made nje of gbout the «Magdiburs
gick Experiment (hereaficr tobe mention
¢d) andtokeep oaribe Au for acomperent
while,the Uefnlnefs snd Diféocveries of ony
ngine, will not be a little cdvanc'd. And
perhapsthas may belong to irswhich Lre:
puetiy



To the Reader;

member Seneca [peaks of Nature, Initiae
tos (f4ys he) nos credimus, in Veftibulo
ejus heremus: For being now in a place
where we are not quite deftitute of moderate-
Uy skilful Artificers, we have, fincethe
Conclufion of the following Letter, made
fome Additions to onr Engine, by whofe help
we finde (upon [ome new tryals) that we
may be able, without much of new trouble,
$0 keep the ambient Air ont of the exhau-
fted Receiver for awhole day ;- and perbaps
we [hould be able to keep it out much louger,
if beforewe [hall have difpatch’d [ome ur-
gent Affairs, and publifbd {ome Papers for
which a kinde of Promife is thowght to make
us Debtors tothe Prefs, we could be at les-
furetoprofecute fuch Experiments, as may
pofsibly afford a Supplement t0 the follow-
ing Treatife, fromwhichIfhall now o lone
ger detain the Reader.

L know
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Friendly Reader,
Know all Perfons
)| that have a publick
W Sperit for the Ad-

- “vancement of Lear-
mng, Wil tém/vm/sc/ﬂ that this
prece came not out in a Lan.
guage of more -general ‘Uﬁ’
then. this you fee 1t now artird
i efpecially fince the Excel-
lent N oble Perfon, who it the
Author, u known to be well 4-
ble étmﬁ)/f Cbeing almoft uni-
verfally a LGgwﬂ) to bavegi-
ven it either the Old Lmn oF
a f/?c




the newer French Drefs.

- Busif it be an Hovor to a
. Language to be preferr'd, and
this Honor breeds fometimes an
Emulation, asanciently it did
between the Qreeks and Ro-
mans, it cannot be thought
unbandfome for an Englifh
N obleman to have preferrd
bisown: And it may bea fuf-
ficient Reafon for the Gentry
of Forein Parts o learn our
Speech, or keep Interpreters,
that they ave [ure to have for
their requital, from many of
our €ng/z'/73 Writers: (as here
Jrom thispiece) much curionfly
Ingenions, and proﬁméle Lear-

nino.
fa
‘Bt



~But as tothss particular (give
me leaveto ufe Words from 4
Story) Since the Mountain
cannot come to Mabomet,
Mabomet will go to the
Mountain : 1 mean thus s
Becaufe manywitty Men, Per-
Jons of Honor and Eflate efpe-
cially, may be fuppofd to be a-
ble tomake a bettcr account, by
employing - their Studies and
Tume on Matter then Words,
and fo are juftly impeded from
learning Languages ;. Aud be-
caufe (as [ mayjudge) the no-
ble Author is willing o oblige all
Men, He Fas already provi-
ded, that ths piece [hall fhort -
bybedone into Latine, thas Jo
» b2 it




it may come bome to divers wor~
thy Perfons in its Stream, who
cannot travel to finde it ont in
its firft Origine,

Having tberefore leaye ﬁ)
todo, 1 e Sorbear to give
the World the ﬂd’vertzfement
of this Latine Edition, /eﬁ_

Joue skilful eArtift /bou/c/ take

needle[s pains about a Work ,
which will, erelong (by Gods
Sfurtherance) be done 1o his
Hands 5 For fuchunprofitable
expen cef of Study bave toofre-
quently happened.,andtoo ninch
to the difadvantage of Learn=
ino, for want of a [fufficient
Corr efpom’eﬂce and lntercourfe
between fuch as are exercifed
1



in the Mines of Wifdome.
T hisis alithe trouble I [hall
at prefent give you: Nor (pall [
need minde thee , if you have a
true guft for the Book you read,
to have an honor and thankful
regard to the Pevfon that has
Javord us with the Communi-
cation of thefe bis Tryals, & is
manifeftly [o great a §Patron
and Friend to Experimental
Learning,and all true Wifdom;
Jor fbould you fail in this, yow
might defervedly be d cprivd of
Someother Obfervations on the
Jame [fubjeit, which the Au-
thor, [ heare,basmade fince the
Jenifhing of this Treatifc. .
Ldefire to be excufed that [
doc




To the Reader.
nct make Excufes for the flow-
nefs of the ‘Publication, boping
that the long expetlation you
have had of it,will enbance,and
not diminifh yeur delight in the
enjoymeit of a piece like tobe,
among [t the fbudents in accurate
Prilofophy,of fo generall accep-

tance. Farewel.

R: Sh.
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A Summary of the chief Matters treated
of n this Epiftolical Difcourfe. -~

He Proemium, wheresn is [et down the
occafion of this Difcourfe, 1. The mi-
gives thatinduc'd the Author thereunto,2 &c.
The hints he received, 5. The things where-
in this Engine excels any that have yet been
made ufe of, 6 &c. The defeription of the
Engine and its parts, 8 &c. The way of pre-
paring and ufingit, 15 &c, The divifion of
the Experiments tryable thereby into_ two
forts, and the difficulty of excluding the
Air_ ‘ 1,8 &Co
The firt Experiment, touching the mane
ner of pumping out the Air, and by what dea
@rees the Receiver is emptyed, 20, &c. A di-
grefsion tonching the Spring or Elaftical
power of the Airy with an attempt for a Me-
chanical Explication thereof, neceffarytobe
premif°d for the explanation of the Phzno-
mena, exhibitcd in this and the [ubfequent
Experiments. 22 &C.
The [econd Experimest tonching the pref-
fure of the Air againft the fides of the Bodies
1t invirons, 37 &c. with a digrefsive Ex-
plication of the pre(nre of the Adir included
within an ambicnt Body. 39 K¢
b4 7 he
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. The Summarys - = 7%
_ The third Experiment, touching the
Jorce requifite to draw down the Siicker, #2.
&c.: The opinion of an eminent Modern
Naturalift examin'd, - 44 &,
The fourth Experiment , ‘touching the
fwelling of a Bladder ; withthe degrees by
which 1t inireafes, 45 &c. Another Opini-
onof a Ledrned Author examin’d. 48 &c.
o The fifth Experiment touching the break-
#ng of 4 Bladder in the Receiver, 49 &c.
And of another by heat, 52
© The fixth Experiment, of divers ways by
which the elaftical expanfion of the Air
was meafur'd, 53 &c
The [ewenth Experiment, touching what
Figuredoes beft refift the prefJure of the Air.
62 &c.

 “Theeighth Experiment, tending to a fur-
ther Demonftration of the former, fromthe
5teal’ing of glafs a Helmet inward. 64 &c,
" 'The ninth Experiment, contains a fur-
ther confirmation from the breaking of a
Glafs ontward,66 &c.with anExperimentio
prove,that thefe Phaenomena proceed not
Jrom an invincible Fuga vacui 69. A de-
feription of other (mall Rece ivers,and their
Conveniencies, 70 &c. <A Receipt for the
making of & Compofition to Cement crackt
Glaffes. 73
The




- The Summary:
+ The semh Experiment, touching the flas
wing of Candles irclofed in the Receiver.
Wb, 00l 74&C.
- The eleventh Expertment, touching the
burning of ‘Goals, 78. Andthe lafting of
theexcandefcence of an included piece of I-

7'0”- L 80-
The twelfth Experiment concerning the
burningof Match. 82

The thirseenth Experiment, concerning
the further profecution of *the preceding ,
tending to prove the extinition of the Fire
in the former Experiments, not to have
proceeded from thepre(Jureof the Fire by the
Fumes, 4. Some remarkable Circumfban-
ces of ity 86. The Experiment of Match
try'd in a fmall Recesver, 87

The fourteenth Experiment, touching the
[triking Fire, and kindling of Powder with
the Lock of a Piftolinthe evacuared Reces-
ver. 88 &c.

The fifteenth Experiment, towching the
snfucce(sfulne(s of kindling included Bo-
dies with a burning Glafs, and the Au-
thors intention to profecute it further

102

The fivteenth Experiment concerning the

operation of the Load(tone, 5105, &a\

“~The




AR

B T p—

e
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The [ewenteenth Experiment, tonching the
graduas defcent of the Quick-filver in the
Torricellian Expertment, 106 &C. Some
obfervable Circumflances concerning it
112 &c. The [ame Experiment tryd in
one of the [mall Reseivers., 115.- How
shis Experiment may be madeufe of to know
the firength of the preffure of the «Air for
every dzgree of Rarefaltion, 116 &c. The

~ 3ryal of the [ame Experiment in a Tube not

two foot long, 118, The raifing of 'the Mer.
cursal Cylsnder, by she forcing of more Air
¢nto the Receiver, 119. Some Allegations
for and againft « Vacuum confider’d, 120
&c. Some Aduvertifements concerning the
inconvenicncies that may arife fromthe di-
werfity of meafures made ufe of for the defi-
ning the Altiture of the Mercursal Cylinders
and from the neglect of little parcels of Air
apt toremain between the Mercury and the
concawe [wrface of the Tube, 123 &c. Some
Expedients for the more exact filling the
Tube,127.The height the Author once found
of the Mercurial Cylinder according to En~
glifh meafure. 128,

- The esghtcenth Experimens ; containing
a new Obfervation touching the vartation
of the height of the Mcrcurial Cylinder in
the [ame Tube, with anoffer at the reafon

thereof.



| ‘The Summary.
thereof. 129 &¢i
The 198 Experiment, touching the [ub-
fiding of aCylinder of Warer, 140 &c. The
[ame try'd in a [mall Receiver, 1
The 20 Experiment, touching the Ela-
| ter of Water, with a digrefsive Experiment
to the [ame purpofe 144 &c,
The 21 Expersment, beinga profecution
of the former Enquiry, by Experimenting
| the Generation of Bubbles under Water, a
recital of [ome notable Circumftances, with
fome obfervable Corollary's deducdthere-
from. 147 &c,
The 229 Experiment, tending to adeter=
mination of the Enquiry propofd in the for-
mer Expersment, by proving the matter of
the(e Bubbles from their permanencyto be
Air: The Experiments trydin the greas
and [mall Receivers | evincing the [ame
thing, 155 &c. «An Expersment wherein
there appear’d Bubbles in Quick-filver
160. The Authors Inference, 162, A di~
arefsive Enquiry, whether or no Air may be
generated anew ; with (everal Hiftories and
Expersments, tending tothe refolving and
clearing thereof, 162 &<, The Anthors ex=
cufc for [0 long a Digrefsion. 181

The .31 Experiment, containing 4 fur=

ther Enquiry tonching Bubbles made with
common
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common anddiftill dWwater. 133

The 24 Experiment, wherein the ingui-
vy 15 profecutcd with other Liquors, as with
Saller 0yl, 0yt of Turpentine, a.Solution of
Tartar,Spirit of Vinegar,Red-wine, Milk,
Hen's Eggs, Spirit of Urine, Spirit of
Wine and Water, Spirit of Wine.. 187 &c,
The wonderful expanfion of the Spirit of
Wine. ' . 194

The 25 Experiment, tonching the ex-
panfion and gravity of the Air under wa-

ter. 195 &c.
The 26 Experiment, touching the Vi-
brations of 4 Pendulum. ¢ vasilec,

The 27 Experiment, touching the pro-
pagationof [ound : Andthe Authorsinten-
tion of trying fome other Experiments, for
wthe further elucidation thereof. 210 &,
The 28 Experiment, touching the [udden
cruption of Bubbles from the water, when
the airs preffure was [peedilyremov'd. 214
The 29 Experiment, touching the canfe

of the afcent of Fumes and Vapors,wherein
“tis prov’d (from the feveral motions, which
the Fumes of a flrange (moaking Liquor, of
the Authors,were obferv'dto havein the Re-
ceiver, upon the exfuction of the Air) that
the reafon of their afcent proceeds from the
gravityof the ambient air and not from: anmy
pefitive levity of thedr own. 217 &¢.
' The
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. The 30 Experiment, concerning the ma-
tare of a fluid Body,illuftrared by the excama
ple of [moak which in [everal circumflances

[feems very muchto re[emble.the property of 4
fluid Body, 224 & A conjecture of the
éaufe of the Snns wndulation. 228

The 31 Experiment, concerning the Phae-
nomena of two flas Marbles exactly plaiwd
and wronght together, and the true reafon
thereof,229. The Authors intention for the
further profecstion thereof; & what hindyed
bim s the reafonwhy the under Marble did
wot fal from the upper(being onely conjoynd
with Spirit of Wine ) when the Receiver was
evacuated, And a notablerelation concern-
ing the cohefion of flat Bodics. 231 &¢.

The 32 Experiment, touching the forcible
preffure of the «Air againft the ontward [u-
perficies of-a Valve, faftewd upon the flop-
cock of the Recciver. The Diameter of 1t,
and the weight it (uftain’d, 233 &
The 33 cxperiment. touching the great pref-
fure of the Air againft the under [uperficies
of the Sucker, 236 &c. what weight was re-
guifite 1o deprefsit, & what weight 1t wonld
lift and carpyup withit, 239 &c. what im-
proveancnt & wfe there may be made of this
experimenty 242, A Difconr(e touching the
narwre of Suctson, proving that fuga vacul

. = -
15 not 1ke adegquatecanfethereof. 243 &c.
e
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"The Summary,

The 34% Experiment,containing [everal
attempts for the weighing of light Bodics in
she exhanfted Recerver. 258 &¢.

The 35 Experiment, tonching the canfe
of Filtration, and the rifing of Water in
Siphons, 262 &¢. A relation of 4 new
kinde of Siphon, of the Anthors  upon
the occafion of trying the Experiment
lately obferv'd by [ome French-men,and fura
ther improv’'d by himfelf 5 and [ome conje-
Ctures tonching the canfe of the exhibited
Phenomena, 267 &t

The 36 Experiment touching the weigh-
ing of & parcel of Air inthe exhasfted vef-
[el 5 and [ome other Obfervations for the ex-
plication thereof, 272 &c. An accidental
Experiment, tending to the further confir-
mation of the Authors Refleétions npon the
firft Experiment 5 with a digrefsive Obfers
vation, noting the [ubiil penerrancy of fome
Spirits, toexceed by far that of the Air,275
&cC. And fome other Experimentsto [hew the
difficulty of the ingre(s of the Air into the
poresor holes of [ome bodies into which Wa-
serwill readily infinnateit [elf 279 &cwith
aconjecture at the canfe thereof, 82, The
Author returns to the profecution of the in-
quiry after the gravity of the Air: But firft
(nponthe occafion of the tenacity of a thin
Bubble



The Sumary:"

Bubble of Glafs) [ets dows his thoughts cone
ccrning the ffrange exuperancy of [trength
in Air, agitated by heat, above what the
fame has unagitared 283 &c. Andthen pro=
ceeds to the examination of the weight of the
Air by an Kolipile,and compares ic: refult
thereof, with that of Merfennus, 286. The
Opinions and Experiments of divers Aue
thors, and [ome of his own, touching the
proportion of weight betwixt Waser and Air,
are compar d and cxamin'd by the Anthor,
288. The refult thereof, 290. Merfennus
his obfervation reconcil’d, with that of the
Awthor s andthe proportion between the graa
wity.of Water-and Air about London, 291
8. After the recital of the Opinions of [e-
weral Writers, tonching the proportion of
gravity between Water and Quick-filver,
the Author [ets down his own tryals, made
feveral ways, together with his conclufion
therefrom, 293 &c.The ufe he makes of this
inquiry for the ghefsing at the heaght of the
Atmofphere, 397, What other Experiments
arcrequifite to the derermination thereof,
' . 299 &G

The 37" Experiment gonching the fi-ange
and odde Pheenomenon, of the [ndden flafh-
es of light an the caviry of the Recervers the
[everal circumftances and dif fienlties of it/;

wit
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with fome attempts towards the rendeving at véafo:
thereof, 301, &c.  The Difficulty of foduing frr=
ther fbewn from the confidevation of the varions
changes of Air which doe wot immediatly fall in-
der_oar [enfes, 315.° this Taft propofition prow’d.
by [everall obfervasions. : 316.
The 38.  Experiment touching the freczing of.
water, 319.8&c, Aproblem, (concerning the great,
force wherewith a freezing Liquor extendsits ffg Ife,),
propof°dwpon the Confidevation of divers admirable,
effecéts wronght th:reby. o v s 320 S
The 39. Experiment, containing an Inguifition’
aftcr the temperature of the [ubflance that vemain'd
in the cavity of the Recebver,aftcr the Air waswell
exhanffed. The relativn of a Phanomenon,feeming
*o proceed from the (welling of the Glafs. VVith an
advertifement concerning the pliablentfs of G lafs in
[mall peices. 1 ga2. &
The 40. Experiment touching the difficnlty thae
occur’d in waking tryall whether rarified Asr
were able to [uftaine flying infelts. .~ 326.&e
The 41. Experiment, Exhibiting [everall try=
alls touching the re[piration of divers {aris of ani=
malls incinded in the Receiver, 328, &C. Witha
digreffion conteining [ome donbrs tonching vefpira
tion wherein are delivered [everall Expersments re=
lating thereunto. - 335 &C.
The 42. Experiment, tosching the differing o<
peration.of corrofive Liquers in the emptied Recerver
and in the cpen Air, 384.
The 43.Experiment tonching the [pontaneons Ee
bulliticn of warm Liqmurs in the exhanfied Recesver,
388
Lhs Conelufien, 394
bz
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DUNG ARV AN,
My Honoured and Dear

NEPHE W,

My Dear Lord,

Eceiving in your laft from
Parés, adefire that I would
adde fome more Experi-
ments to thofe I formerly
: 2 fent Youover: [couldnct

be (o much your Servant as I am, without

looking upon that Defire as 2 Com=

mand ; and confequently, w1thout think-

ing my felf obhoeu to confider by what

fort of E‘(peuments it might the moft ac-

ceptably be obey’d. And at the fame
B

[lm(i,




S

(2)
time, percetving by Letters from fome
other Ingenious Teifonsat I'arzx that fe-
veral of the 7 rtuafi there, were very
intent upon the examination of the Inte-
reft of the Ayr, n hindring the defcent
of the Quick-filv Px, in the famous Expe-
riment touching a Vacuum: 1 thought I
could not comply with your Deliresina
more fit and feafonable manner, then by
profecuting and endcavoring to promote
that noble Experiment of 7 Torricellins:
and by pl@ﬁntmv your Lordfhip an ac-
count of my attempts to illuftrate afub-
ject, about which, 1t’s being fo much dif-
couri{’d of where you are, together with
your inbred Curiofity, and love of Ex-
perimental Learning, made me {uppole
you fufficient 1ymn"~h~v

And though I pretend not to acquaint
you, on this occafion, with any ftore of
new Dxfcove:'e yet po,.m‘v Lihall be {o
happy,as to af vou to know {omethings
which you did fox‘ erly but fuppofe and
fhall pxexenf}ou, if notwith new Theo-
ries, at lealt with new Proofs of fuch as
are not yet become unqueftionable. And
if what I {hsll deliver, have the good for-
tune to encourage and affift you to profe-
cute the Hints 1t will afford, Ifhall ac-
count
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count my felf, in paying of a duty to
you, to have done apiece of Service to
the Commonwealth of Learning. Since
it may highly conduce to the “advance-
ment of that Experimental Philofophy,
the effectual puriuic of which, requires
aswella Purle asa Prein, to endeere it
to hopeful Perfons of your Quality : who
may accomplith many things which o-
thers can but wefhor, at moﬁ but defign,
by being able rom»p;oy the Prefents of
Fortune in the fearch of the My fteries of
Mature.

And Tam not faintly induc’d to make
chotce of this Subject, rather then any
of theexpelted Chymml ones, O enter=
tain your Lordfhip upon, by thefe two
Confiderations : The cne, Thatthe Ayr
being fo neceflary to humane Life, thac
not onely the generality of Men, but
molt other Creatures thar breath, can-
not live ms any minn'es without ity any
confiderable difcovery of its I\atu..,
feems likely to prove of moment to
Man-kinde.  Andthe other is, That the
Ambient Ayr, being that whereto both
our own Bodies, and-moit of the others
we deal with here belo ow, arealmoft per-
petually contiguous ; not oncly its olte-

B ratons
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rations have a notable and manifeft (hare
in thofe obvious effe@s, that men have
already been invited to afcribe thereunto
fuch as are the various diftempers inci-
dent to humane Bodies, efpecially if cra.
zy, in the Spring, the Autumn, and alfo
on moft of the great and {fudden changes
of Weather; butlikewife, that the fus-
ther aifcovery of the nature of the Ayr,
will probably difcover tous, thatit con-
curs more or [efs to the exhlolting of ma-
ny Phenomena o 1n which it hath hither-
to {carce been fuipeé‘ced to have any inte-
reft. So that a True Account of any
Experiment that is New concerning a
thing, wherewith we have fuch conftant
and neceffary intercourfe, may not one-
ly prove of fome advantage to humane
Life, but gratifie Philofophers, by pro-
moting their Speculations on a Subject
which hath fo much opportunity to {olli-
cite their Curiofity.

And I'{hould immediately proceed to
the mention of my Experiments, but that
Ilike too well that worthy fayingof the

_ aturalift P/z,xy, Benignum et
11;111[ A plenum ingenni ptm’or.o, fateri

per quos profemm not to cons
form to it, by acquainting your Lord-
thip
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fhip, in the firlt place, with the Hint I
had of the Engine I 'am to entertain you
of. You may be pleafd to remember,
that a while before our {eparation in Es ng-
land, 1 told you of a Book that T had
heard of, but not perul’d, publifh’d by
the induftrious Jefuit Schottzs, wherein
“twas faid, Herelated how that ingenious
Gentleman 0tto Gericke, Conful of Mag-
deburg, had lately practicedin Germanya
wayof emptying Glafs Veflels, by fuck-
ing out the Ayr at the mouthof the Vef-
fel, plung’d under water : And you may
alfo perhaps remember, that Iexprefi*d
‘my felf much delxohted with this Expe-~
riment, fince tlmeby the great force of
the e‘(ternﬂl Air (etcher 1uihmﬁm at the
open’d Orifice of the empty dVelTel,or
violently forcing up the Water into it)
was rendred more obvious and con{picu-
ous, than in any Experiment thac T had
ioLmex]y {een. And thongh it may appear
by fome of thofe WrxtmosI {ometimes
fhew’d your Lordfhip,that I had been fol-
licitous to try things upon the fame
ground ; yet in regard this Gentleman
was before-hand with me in pIOJUCm(’
{uch confiderable effedts, by meaas of the
exfuction of Air, I think my felf oblig’d

b3 “to
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to acknowledge the Affiftance, and En-
couragement the Report of his perfor-
mances hath afforded me,

But as few inventions happen to beat
firft focompleat, as not to be either ble-
mifhd with {ome deficiencies needful to be
remedy’d, or otherwife capable of im-
provement - fo when the Engine we
have been {peaking of, comesto bemore
attentively confider’d; there will appear
two very confiderable things to be de-
fird init.  For firlt) thewind- Pump (as
fome body not improperly callsit) 1s fo
contriv’d , that to evacuate the Veflel
there is requir’d the continual labor of
two ftrong men for divers hours, And
next (which is an imperfeCtion of much
greater moment) the Receiver, or Glafs
to be empty’d, confifting of one entire
and uninterrupted Globe and Neck of
Glafs 5 thewhole Engineis fo made, that
things cannot be convey’d into it, where-
on to uy Experiments: So that there
feems bat litele (if any thing) more to be
expeéted from it then thofe very few
Phancmena that have been already ob-
ferv’d by the Author, and Recorded by
Schortu#s. W heretore to remedy thefe
Inconveniences, I put both M. Gi

anc
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znd 2. Hook (who hath al{o the Honor to
be known to your Lordfhip,and was with
me when I had thefe things under confi-
deration) to contrive fome Air Pump,
that might not, like the other, need to
be kepr under water (which on divers oc-
caltons is inconvenient ) & might be more
eafily manag’d: And after 2 unfuccefsfal
tryall or two of ways propol’d by o-
thers, the laft nam’d Perfon fitted me
with a Pump, anonto bedefcrib’d. And
thus the firft Impertection of the German
Engine, was in good meafure, though
not perfetly, remedy’d :+ And to fupply
“the fecond delect, it was confidered that
it would not perhaps prove impoffible to
leave in the Glafs to be empty’d, ahole
large enough to putin a Mans Arm
cloath’ d ; and con{equently other Bodies,
not bzm‘ﬂ thenit, orlonger then thein-
fide of the Veflcl. And this Defign
feem’d the more hopetull, becauleI re-
membred, that having feveral years be-
fore often made the Pwprnment D¢ Va-
czo with my ownhands; I had, to exa-
mine fome conjetures that occurr’d to
me about it, cauled Glafles to be made
witha hole at that end, which ufesto be
feal’dup, and had neverthelefs been able,
B a4 as
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as occafion requir’d, to make ufe of {uch
Tubes, as if no fuch holes had been left
in them 5 by devifing ftopples for them,
made of the common Plaifter call’d Dia-
chylom : which 1 rightly enough ghefl’d,
would, by rezfon of the exquifite com-
mixtion of its fmall parts, and clofenefs
of itstexture, deny all acce(s to the ex-
texml Air, Wherefore, fuppofing that
by the help of fuch Phxf’cexs caretully
laid upon the commiflures of the ftopple
and hole to be made in the Receiver, the
external Air might be hindred from infi-
nuating it {elf between them into the Vel
fel , we cau{’d feverz] fuch Glaffes, as
you will finde defcrib’d alittle lower, to
be blown at the Glafs-houfe; and though
we could not get the Work-men to blow
any of them iolnﬂ, oref fo conveni-
ent a thape a5 we would fain have had ; yet
finding one to be tolerably fit, and lefs
unfit then any of the reft, we were con-
tent to make nfe of it ijn that En.
gine: Of which, I {uppofe, youby this
time expect the Defcription, in order to
the Recital of the Phanomena exhibited
by it.

To give your Lordfhip then, in the
firfk plsw, {fome account of the hnm{ne ic
elf
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{elf : Tt confifts of two principa! parts; a
glafs Veflel, and a Pump to.draw the Air
out of it.

The former of thele (which we, with
the Glafs.men, {hall often call a Receiver,
forits affinity to thelarge Veflels of thar
name, ufed by Chymifts) confifts of a
Glafs with awide holeat thetop, of a
cover to that hole, and of a ftop-cock
faftned to the end of the neck, at the
bottom.

The fhape of the Glafs, youwillfind
expre{l’ din the firft Figure of theannex-
ed Scheme. And for the fize of it, it
contain’d about 30 Wine Quarts, each of
them containing near two pound (of 16
Ounces to the pound) of water: We
fhould have been better pleaf’d with
more capacious Veflel, but the Glafs-men
profefled themfelves unable to blow a
larger, of {uch a thickne(s and fhape as
was requifite to our purpofe.

At the very top of the Veflel, (A) you
may obferve a round hole, whofe Dia-
meter (B C)1s of about four inchess and
whereof, the Orifice is incircled with a
lip of Glafs, almoft an im‘n high: For
the making of whichlip, it was rcquiﬁ»e
(to mention that upon the ‘W , in cafe

your
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your Lotdfhip fhould have fuch another
Engine made for you) to haveahollow
and tapering Pipe of Glafs drawn out,
whereof the Orifice - abeve mentioned
was the Bafis, and then to have the cone
cut off with ahot Iron, within about an
Inch of the Points (B C.)

The ufe of the lip, is to fuftain the
cover delineated in the {econd Figure;
where (D E) points out a brafs Ring, {o
caft, as that it doth within and without
cover thelip (BC) of the firft Figure,
andis cemented onupon it with aftrong
and clofe Cement. To theinward taper-
ing Orifice of this Ring (which is about
three Inches over) are exquifitely ground
the fides of the Brafs ftopple (F G3) fo
that the concave fuperficies of the one,
and the convex of the other, may touch
one another in fo many places, as may
leave as little accefs, as poffible,to theex -
ternal Air: Andin the midft of this cover
is lefta hole (H 1) of abouthalf an inch
over, invironed alfo with a ring or focket
of the fame mettal, and fitted likewife
withabrals ftopple (K) made in the form
of the Key of a ftop-cock, and exactly
ground mnto the hole (HD)icis tofill 5 {o
as that though it be turn’d round in the

cavity
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cavity it poflefles, it will not letin the
Air, and yet may beput inor takenout
at pleafure, for ufes to be hereafter men-
tioned. Inorder to fomeof which, itis
perforated with a little hole, ( b)traverﬁng
the whole thicknefs of it at the lower
end ; through which, and a little brafs
ng (L) faftned to one fide, (no matter
which ) of the bottom of the ftopple
(E G)aftring (8,9, 10) might pals, to
be imploy’d to move fome things in the
capacity of the empty'd Veflel; without
any where unftopping it.

The laft thing belonging to our Recei-
ver, is the ftop- “cock deﬁoned in the firft
Figure by (N.) for the better faftening
of which to the neck, and exacter exclufi-
on of the Air, there was foder’d onto
the fhank of the Cock (X) a Plate of
Tin, (MT U W) long enoughto cover
the neck of the Receiver, But becaufe
the cementing of this was a matter of
fome dxﬂﬂculty, it will not be amifs to
mention here the manner of it , which
was, That the cavity of thetin Plate was
fll'd with a melted Cement , made of
Pitch, Rofin, and Wood-athes, well in-
corporated 5 and to hinder this liquid
Mixture from getting into the Orifice (Z)

of
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of the fhank, (X) that hole was ftope
with a Cork,to which was faftned a ftring,;
whereby it might be pull’d'out of the up-
per Orifice of the Receiver 5 and then,
the glafs neck of the Receiver being well
warm'd, was thraft into this Cement, and
over the thank whereby it was effeced,
that all the {pace betwixt the tin Plate and
the Receiver , and betwixt the internal
fuperficies of- the Receiver, and the
thaack of the Cock, was filld with the
Cement; and {fo we have difpach’d the
firft and upper part of the Engine.

The undermoft remaining part confifts
of aFrame, and of afucking Pamp, or
as we formerly call’dic,an Air Pump,{up-
ported by it: The Frame is of Wood,
{mall, but very ftrong,confifting of three
legs, (1 11) foplac’d, that one fide of
it may ftand perpendicular, thatthe free
motion of the hand may not be hindered.
In the midft of which frame, is tranfverfly
nail’daboard, (2 2 2) which may not im+«
properly be call’'da Midriff, upon which
refts, and to which is ftrongly faftned,the
main part of the Pump it {elf, whichis
[hii onely thing remaining to be defcri-
bed. .

The Pump conlfifts of four parts, a

’ hollow
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hollow Cylindre, aSucker, ahandle to
move that Sucker, anda valve.

The Cylindre was (by a pattern) caft
of brafs 5 itis inlength about 14 inches,
thick enough to be very ftrong, notwith-
ftanding the Cylindrical cavity left with-
in ity this cavity is about three inches
Diameter, and makesas exatta Cylin-
dre as the Artificer was able to bore,
ThishollowCylindre is fitted with a fuck-
er, (4455) confiftingof two parts, the
one (44) fomewhat lefsin Diameter then
thecavity of the Cylindre, upon which
isnail’d a good thick piece of tan’d thoe
Leather, which will go fo clofe to the
Cylindre, that it will need to be very

forcibly knocl’d andram’din, it atany

time it be takenout, which is therefore
done, that it may the more exactly hin-
der the Air from infinnating it {elf be-
twixt it and the {ides of the Cylindre
whereonit is to move.

To the midft of this former part of the
Sucker is ftrongly faftned the other,
namely athick and narrow plate of Iron,
(55) fomewhat longer then the Cylindre,
one of whofeedges is {mooth, butat the
other edge it is indented (as I may fo
fpeak) with a row of teeth delineated 1in

) the

e O S
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the Scheme,”into whofe intervals are to
be fitted, the teeth of a{mall Iron nut,
(=8) (as Trade(-mencallit) which s faft-
ned by two ftaples (22) to the under fide
of the formerly mention’d tranfverfe
board (222) on which the Cylindre refls,
andis turn’d to and fro by the third piece
of this Pump, namely, the handle or
manubrinm, (77) of which the Figure gives
a {ufficient defcription.

The fourchand laft part of this Cylin-
dre, is the Valve, (R) confifting of a
hole bored through at the top of the Cy-
dindre, a little tapering towards the cavi-
ty; into which holeis ground atapering
Peg of brals, to be thruft in, and taken
out at pleafure,

The Engine being thus deflcrib’d, it
will be requifize to adde, that {omething
1s wont to be done before it be fet on
worls, for the more eafie moving of the
Sucker, and for the better exclufion of
the outward Air : which when the Veflel
begins to be exhaufted, is much more dif -
ficult to be kept out then one would eafi-
ly imagine.

There muft then be firft powr’d in at
the top of the Receiver alittle fallad oyl,
partly to fill up any fmall intervalls that
may
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may happen to be betwixt the contigu-
ous {urfaces of the internal parts of the
Stop-cock: And partly that it may be
the more eafie to turn the Key (S) back-
wards and forwards. Prerty ftore of oyl
muft alfo be pour’d into the Cylindre,
both that the Sucker may flip up and
down in it the more {moothly and freely,
and that the Air might be the better
hindred from getting in between them -
And for thelike reafons, alittle oylisto
be ufed alfo about the Valve. Upon
which occafion, it would not be omitted
(foritis ftrange) thac oftentimes, when
neither the pouring inof water, nor even
of oylalone, prov'd capable to mzke the
Sucker move eafily enough in the Cylin-
ders a mixture of both thofe Liquors
would readily (fometimes even to admi-
ration) perform the defired effeét. And
laft]ly, the brafs cover of the Receiver,
being put into the brafs ring formerly de-
fcrib’d, that no Air may get between
them, it will be very requifite to plaifter
over very carefully the upper edges of
both, with the plaifter formerly mention-
ed, or fome other as clofe, whichis to be
{pread upon the edges with a hot Iron;

that being melted, 1t may run into and
‘ ' fill
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fill up all the crannies, or other little ca-
vities, at which the Air might otherwife
get entrance.

All things being thus firted, and the
lower fhank (Q) of the ftop-cock being
putinto theupper Orifice of the Cylm-
der(&), into which it was exactly grounds
the Experimenter is firft, by turning the
handle, to force the Sucker to the top of
the Cylinder, that there may be no Air
left inthe upper part of it: Then fhut-
ting the Valve with the Plug, and turning
the other way, he is to draw down the
Sucker to the bottom of the Cylinders
by which motion of the Sucker, the Air.
that was formerly in the Cylinder being
thruft out, and none being permitted to
{ucceed in itsroom, ’tis manifeft that the
cavity of the Cylinder mult be empty,
in reference to the Air: So that if there-
upon the Key of the Stop-cock be fo
turn’d, as that chrough the perforation of
it, a free paflage be opened betw1xt the
Cylinder and the Receiver, part of the
Alr formerly contain’d in thc Recexver
will mmb‘y defcend into the Cyli nder.
And this Air, being by the turning back
of the Key hinder’ "d from the returning
into the Receiver, may, by the opening
of
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of the Valve,and forcing up of the Suck*
er to the top of the Cylinder again, .be
driven out into the open Air.  And'thus
by the repetition of the motionof the
Sucker upward and downward,aad by op-
portunely turning the Key, and ftopping
the Valve, as occafion requires, more or
le(s Air may be fuck’d oucof the Recei-
ver, according to the exigency of the Ex-
periment, and the intention of him that
makes it.

Your Lordthip will,perhaps,think that
I have been unneceffarily prolix in this
firft part of my Difcourfe: But if you
had feen how many unexpeéted difficul-
ties we found to keep out the externall
Air, eventor alictle while, when fome
confiderable part of the internal had been
fuckt outy You would peradventure al-
low, that I might have {et down more
circumftances then I have, without fet-
ting down any , whofe knowledge,he that
fhall try the Experiment may not have
need of. Whichis (o true, that, before we
proceed any further, I cannot think itun-
feafonable to advertife Your Lordfhip,
that there are two chief {orts of Experi-
ments, which we defign'd in our Engine

|, to make tryal ‘of : The one, fuch as may

be
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be quickly difpatche, and therefore may
be try’d in our Engine, though it leaka
litelesbecaufe the Air may be fafter drawn
out, by nimbly plying the Pump, then
it can get i at undifcern'd leaks s Ifay at
undifcern’d leaks, becaufe {uchas are big
enough to be difcover’d can fcarce be un-
eafie to be ftopt.  The other {ort of Ex-
periments confifts of thofe that require
not onely thatthe internal Air be drawn
out of the Receiver, but that it be like-
wile for along time kept out of it. Such
are the prefervation of Animal and o-
ther Bodies therein , the germinationand
growth of Veoecables, and other tryals
of feveral forts, which it is 2pparent Can.
not bewell made unlels the external Air
can, for acompetent while, be excluded -
Since even ac avery fmall leak there may
enough get in, to make the Zacuum foon
loofe that name 5 by which There declare
once for all, that L under ftand not a {pace
wherein there is no bod fy at all, but {uch
asis either altogether, or almoft totally
void of Air, 5
Now this diftinétion of Experiments
I thought fit to premife to the enluing
;\mmuves becaufe upon tryal, we found

it {o ex ceﬂd ng(and {carce imaginable)dif-
ficule
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ficult amatter, to keep out the Air from
getting at all inat any imperceptible hole
or flaw what{oever, in a vetlel immedie

ately furrounded wirh the comprefled At.

mofphere, that in {pight of all our care
and diligence, we never were able totally
to exhauft the Receiver, or keep it when
it was almoft empty, any confiderable
time,from leaking more or lefs : although
(as we have lately intimated)by unwearyed
quicknels in plying the Pump, the inter-
nall Air can be much fafter drawn out
then the external can get in, till the Re-
ceiver come to be almoft quite empty,
And that’s enough to enable men to dif-
cover hitherto unobferved Phenomena of
Nature.

The Ex periments therefore of the firft
fort, will, I fear, provethe onely ones
wherewith my Avocations will allow me
to entertain Your Lordfhip inthis Letter.
Eor till your further Commands fhall en-
gage me to undertake, by Gods permif-
fion, fuch an Employment, and more lea-
{ure thall better fit me for it , I know not
whether I fhall be ina condition to try
what may be done, to enable me to give
you fome account of the other fort of
Experiments alfo.

C2 To
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']"O proceed now to the Phenomena,
exhibited tous by the Engine above
defcribed 5 [ hold it not unfit to begin
with what does conftantly and regularly
offer it {elf to our obfervation,as depend-
ing upon the Fabrick of the Engine it felf,
and not upon the nature of this or that
particular Ex periment which ’tis employ-
ed to try.

Firft, Then upon the drawing down
of the Sucker, (the Valve being {hut) the
Cylindrical fpace, Jeferted by the Sucker,
islefrdevoid of Air; and therefore, up-
onthe turning of the Key, the Air con-
tained in the Receiver rufhes into the em-
ptyed Cylinder, till the Air inboth thofe
Veflels be brought to about an equal
meafure of dilatation. And therefore,
upon fhutting the Receiver by returning
the Key, if you open the Valve,and force
up the Sucker again, you will finde, that
after this firft exfuction you will drive |
out almoft a whole Cylinder full of Air :
But at the following exfuctions, you will
draw lefs and le(s of Air out of the Recei-
ver into the Cylinder, becau(e that there
will ftill remain lefs and lefs Air in the
' Receiver
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Receiverit felf ; and confequently, the
Particles of the remaining Air, having
morerocm to extend themfelves in, will
lefs prefs out one another, This you will
eafily perceive, by finding, that you ftill
force lefs and lefs Air out of the Cylin-
ders fo that when the Receiver is almoft
exhaufted, youmay force up the Sucker
almoft to the top of the Cylinder, be-
fore you will need to unftop the Valve to
let out any Air: And if at fuch time, the
Valve being (hut, you let go the handle of
the Pump, you will finde the Sucker for-
cibly carryed up to the top of the Cylin-
der, by the protrufion of the external Air;
which, being much lefsrarified then that
within the Cylinder, muft have a more
forcible preflure upon the Sucker, then
theinternal is able to refift: And by this
means you may know how far you have
emptyed the Receiver.  And to thiswe
may adde, on this occalion, that conftant-
ly upon the turning of the Key to let out
the Air from the Receiver, into the em-
ptied Cylinder, there is immediately pro=
duced a confiderably brisk noile, efpeci-
ally whil'ft thereis any plenty of Airin
the Receiver.

C3 For
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For the more eafieunderftanding of the
Experiments tryable by our Engine, I
thought it not (uperfluous, nor unfeafon-
able in the recital of this firft of them, to
infinuate that notion by which it{eems
likely that moft, it not all, of them will
prove explicable.  Your Lorcthip will
eafily fuppofe, that the NotionI {peak
of is, That thereis a Spring, or Elafti-
cal power inthe Air we livein, By which
exarlp or Spring of the Air, that which
T mean is this : That our Air either con-
fifts of, or at lealt abounds with, parts of
fuch a nature, that in cafe they be bent or
comprefl’d by the weight of the incum.
bent part of the Atmofphere,or by any o-
ther Body, they doendeavor, as muchas
in them lies, to free themfelves from that
preflure, by bearing againft the contigu-
ous Bodies that keep them bent; and,
affoon as thofe Bodies are remov’d ‘or
reduced to give them way, by prefently
unbending and firetching out themfelves,
either quite, or {o far torth asthe con-
tiguous Bodies that refift them will per-
mit, and thereby expanding the whole
parcel of Air, thefe elaftical Bodies com-

ofe,
: This
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This Notion may perhaps be fome-
what further explain’d, by conceiving the
Air near the Earth to bz fucha heap of
lictle Bodies, lying one upon another, as
may be refembled to a Fleece of Woolle
For this (to omit other likenefles betwixt
them) confifts of many {lender and flexi-
ble Hairs 5 each of which, may indeed,
like alittle Spring, be eafily bent or roul-
edups; burwill alfo, likea Spring, be
ftill endeavouring to ftretch it felf out
again.  For though both thefe Haires,
and the Aerial Corpulfcles to which we
liken them, do eafily yield to externall
preflures ; yet each of them (by vertue of
1ts ftructure) is endow’d with a Power or
Principle of felf-Dilatation; by vertue
whereof, though the hairs may by a Mans
hand be bent and crouded clofer together,
and into a narrower room then fuits beft
with the natare of the Body : Yet whil'ft
the compreflionlafts, thereis inthe fleece
they compole an endeavour outwards,
whereby it continually thrufts againft the
hand that oppofes its Expanfion. And
upon the removall of the external pref-
{ure,by opening the hand more or lefs,the
compreffed Wooll does, as it were, {pon-
taneouily expand or difplay it {:If towards
C 4 the
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the recovery of its former more loofe and
free condition, till the Fleece have ei-
ther regain’'d its former Dimenfions, or
at leaft, approach’d them asnear as the
compxefﬁn0 hand (perchance not quite
open’d) will permit. This Power of
{elf- Dilatation,is fomewhat more confpi-
cuous in a dry Spunge comprefl’d, then
in a Fleece of Wooll. But yet we ra-
ther chofe to imploy thelatter, on this
occafion, becaufe it is not likea Spunge,
an entire Body, but a number of flen-
der and flexible Bodies, loofely com-

‘plicated, as the Air it felf feems to

be.

There is yet another way to explicate
the Spring of the Air, namely, by fuppo-
fing with that moftingenious Gentleman,
Monfieur Des Cartes, That the Air is no-
thing but a Congeries or heap of {mall
and (for the moft part) of flexible Partj-
cles; of feveral fizes,and of all kinde of Fi-
gures whichare raif*d by heat (efpecially
that of the Sun) into that fluid and
fubtle Echeriall Body that furrounds
the Earth; and by the reftlefle agi-
tation of that Celeftial Matter where-
in thofe Particles fwim , are fo whirl'd
round,



(25)
round, that each Corpulcle endeavours
to beat off all others from coming within
the little Sphear requifite to its motion
about its own Center 5 and (incafeany,
by intruding into that Sphear {hall op-
pofe its free : Rotation) to expell or drive
itaway : So that according to this Do-
¢trine, itimports very licele, whether the
particles of the Air have the ftruture re-
quifite to Springs, or be of any other
form (how uvegular foever) fince their
Elaftical power is not made to depend
upon their fhape or ftruéture, but upon
the vehement agitation, and (as it were)
brandithing motion, which they receive
from the fluid Erber that {wiftly flows
between them, and whirling about each
of them (independently from the reft)
not onely keeps thofe flender Aérial
Bodies {eparated and ftretcht our (at leaft,
3s far as the Neighbouring ones will per-
mit ) which otherwife, by reafon of
their flexiblenefs and weight, would
flag or curl 5 but alfo makes them hic
againft, and knock away each other, and
confequently require more room , then
that which if they were comprefl’ d they
would take up.

By
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By thefe two differing ways, my Lord,
may the Spring of the Air be explicated.
But though the former of thembe that,
which by reafon of its feeming fomewhat
moreeafte, I{hall for the moft part make
ufe of in the following Difcourfe : yet
am I not willing to declare peremptorily
for either of them,againft the other. And
indeed, though I have in another Treatife
endeavoured to make it probable, that the
returning of Elaftical Bodies (if T may {o
call them) forcibly bent, to their former
pofition, may be Mechanically explica-
ted: Yet I muft confefs, that to deter-
mine whether the motion of Reflitution
in Bodies, proceed from this, That the
parts of a Body of a peculiar Scructure
are put into motion by the bending of the
{pring,or from the endeavor ot fome fub-
tle ambient Body, whofe paflage may be
oppof’d or obftructed, or el{e it’s preflure
unequally refifted by reafon of the new
thape or magnitude, which the bending of
a Spring may give the Pores of it: To
determine this, I {ay, feems to me a mat-
ter of more difficulty, then ac firft fighe
one wouldeafily imagine it, Wherefore
I fhall decline medling with a fubjet,
which 1s much more hard to be GXPHCZ‘
ted,
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ted, then neceffary to be fo, by him,
whofe bufinefs it is not, in this Letter, to
affign the adequate caufe of the Spring of
the Air, butonely to manifeft, That the
Air has a Spring, and torelate fome of
its effets. _

I know not whether I need annex that,
though either of the above-mention’d
Hypothefes , and perhaps fome others,
may afford us anaccount plaufible enough
of the Air-{pring 5 yetIdoubt, whether
any of them gives us a fuflicient account
of its Nature, And of this doubt, I
might here mention fome Reafons, but
that, peradventure, I may (God permit-
ting) have a fitter occafion to fay fome-
thing of it elfewhere, And therefore I
fhould now proceed to the next Experi-
ment, butthacl think it requifite, firft,
to fuggeft to your Lordfhip what comes
into my thoughts, by way of Anfwer to
a plaufible Objection, which I forefee you
may make again{t our propof’d Doérine,
touching the Spring of the Air. For it
may be alleadged, that though the Air
were granted to confift of Springy Par-
ticles (if I may fo {peak) yet thereby
we could onely give an account of the
Dilatation of the Air in Wine-Guns a;lnd

other
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other pneumatical Engines wherein the
Air has been comprefl’d, andits Springs
violently bent by an apparent externall
force; upon the removall of which, “tis
no wonder that the Air fhould, by the
motion of reftitution, expand icfelf ¢ill
it have recovered its more natural dimen-
fions: whereas inour above-mentioned
firft Experiment, and in almoft all others
tryable in our Engine, it appears not
that any compreflion of the Air prece-
dedits {fpontaneous Dilatation or Ex pan-
fionof itfelf. Toremove this difficul-
ty, Imuft defire Your Lordfhip to take
notice, that of whatever nature the Air,
very remote from the Earth, may be, and
whatever the Schools may confidently
teach to the contrary, yet we have divers
Experiments toevince, that the Atmof-
phere we live in is not (otherwife then
comparatively to more ponderous Bodies)
light, but heavy: And did not their
gravity hinder them, it appears not why
the {teams of the Terraqueous Globe, of
which our Air in great part confifts,
{hould not rife much higher then the Re~
traction of the Sun, . and other Stars
give men ground to think, that the At-
mofphere, evenin the judgement of thofe
' Recent
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Recent Aftronomers, who feem willing
to enlarge its bounds as muchas they dare, €
does reach.

But left you fhould expet my {econding
this Reafon by Experience 5 and left you
fhould objeét, That moft of the Ex peri-
méts that have been propofl’d to prove the
gravity of the Air;have been either barely
propofid, or perhaps not accuratly try’d; I
am content,before I pafs further,to menti-
on here, ThatIfound adry lambs-bladder
containing near about two thirds of a pint,
and compre{l’d by a packthred tyed about
it, to loofe a grain and the eighth part of
a gxam of its formet weight, by the recefs
of the Air uponmy having prickeit: And
this with a pair of Scales, which when the
tull Bladder and the correfpondent weight
were in it, would manifeftly turn eicher
way with the 32 partof a grain, Andif
it be further objeCted, That the Airin
the Bladder was violently comprefl’d by
the Pack-thred and the fides of the
Bladder, we might probably (to wave
prolix anfwers) be furnifh’d with a Re-
ply, by fetting down the differing weight
of our Recexver, when empty’d and when
full of uncomprefl’d Air, if we could here
procure fcales fit for {o nice an experiment;

fince
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{ince we are informed, thatinthe German
Experiment, commended at the begin-
ning of this Letter, the Ingenious Tryers
of it found, That their Glais Veflel, of
the capacity of 32 mealures, was lighter
when the Air had been drawn out of it,
then before, by no lefs then one ounce
and & that is, an ounce and very near a
third - But of the gravity of the Air, we
may elfewhere have occalion to make fur-
ther mention.

Taking it then for granted that the Air
is not devoid of weight, 1t will not be
uneafie to conceive, that that part of the
Atmolphere wherein we live, being the
lower partof it, the Corpufcles that com-
pofeit, are very much comprefl*d by the
weight of all thofe of the likenature that
aredirectly over them, that is, of all the
Particles of Air, thatbeing pil’d up up-
onthem, reachto the top ot the Atmof-
phere.  And though the height of this
Atmofphere , according to the famous
Kepler, and fome others, {carce exceeds
eight commonmiles; yet other eminent
and later Aftronomers, would promote
the confines of the Atmofphere, toex-
ceed fix or feven times that number of
nmiles. And the diligent and learned

. ‘ Riviolo
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Riviolo makes it probable, that the-At-
mofphere may, ac leaft in divers places, be
at leaft 50 miles high, So that according to
a moderate eftimate of the thickne(s of
the Atmofphere, we may well {uppofe,
that #Column of Air, of many miles in
heighit, leaning upon fome {pringy Cor-
pulcles of Ailr here below , may have
weight enough to bend their lictle {prings,
and keep them bent: As, to refume our
former comparifon,if there were fleeces of
Wooll pil'dup to amountainous height
upon one another, the Hairs that com-
pofe the lowermoft locks which (upport
the reft, would, by the weight of all the
Wool above them, be as well ftrongly
comprefled, as if a man fhould {queeze
them together in his hands, or imploy any
{uch other moderate force to comprels
them. Sorthat we neednot wonder, that
upon the taking off the incumbent Al
fromany parcel of the Atmofphere here
below, the Corpulcles, whereof thatun-
dermoft Air confifts,thould difplay them-
felves, and take up more room then be-
fore,

And if it be objetted, That in Water,
the weight of theupper and of the lower
partis thefame: I anfver, That befides
that,
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that it may be well doubted whether the
obfervation, by reafon of the great diffi-
culty have been exactly made, there is a
manifeft difparity betwixt the Air and
Water: For I havenot found, that upon
an Experiment purpofely made, (and in
another Treatife Recorded) that Water
will fuffer any confiderable compreflion s
whereas we may obferve in Wind-Guns
(to mention now no other Engines) that
the Air will {uffer it felf to be crouded in-
toa comparatively very little rooms in
fo much, that a very diligent Examiner
of the Phanomenaof Wind- Guns would
have us believe, thatinone of them, by
condenfation, he reduc’d the Air into a
{pace at leaft eight times narrower thenit
beforepofleft.  And to this, if we adde
a noble Phenomenon of the Experiment
De Vacue 5 thefe things put together,may
for the prefent fuffice to countenance our
Doctrine. For that noble Experimenter,
Monfieur Pafcal (the Son) had the com-
mendable Curiofity to caufe the Torri-
¢ellian Experiment to be try’d at the foot,-
about the middle, and at the top of that
high Mauntain (in 4uvergne, if I miftake
not) commonly call’d Le Puy de Domme 5
whereby iz was found, That the < erenry
mn
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in the Tube fell down lower, about three
inches, at the top of the Mountain then
atthe botcom. And a Learned Man a
while fince inform’d me, That a great
Virtuofo, friend to us both, has, withnot
unlike fuccels, tryed the fame Experi-
ment in the lower and upper parts of a
Mountain in the Weftof England: Of
which,the reafon {eems maniteftly enough
to be this, That upon the tops of high
Mountains, the Air which bears againit
the reftagnant Quick-filver, is le(s prefl’d
by the lefs ponderous incumbent Air 5 and
confequently is not able totally to hinder
the defcent of {o tall and heavy a Cylin-
der of Quick-filver, asat the bottom of
{uch Mountains did but maintain ane £4us-
librinm with the incambent Atmofphere.
And if it be yet further Objected a-
geinft what hath been propofd touching
the compactnels and preflure of the Infe-
rior Air 5 That we finde this very Air to
yield readily to the motion of little Flies,
and even to that of Feathers, and fuch o-
ther lightand weak Bodies 5 which feems
toargue, that the particles of our Air are
not {fo comprefl’d as we have reprefented
them , efpecially, fince by our former
Experiment it appears, that the Air rea-
D dily
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dily dilated it {elf downward, from the
Receiver into the Pump, when ’tis plain,
thatit is not the incumbent Atmofphere,
but onely the fubjacent Air in the brafs
Cylinder that has been remov’d : Ifchis,
Ifay, beobjetted, we may reply, That
when aman fqueezes a Fleece of Woolin
his hand, he may feel that the Wool in-
ceflantly bears againft his hand, as thac
which hinders the hairs it confifts of, to
recover their former and more natural ex -
tent, Soeach parcel of the Air about the
Earth,does conftantly endeavour to thruft
away all thofe contiguous Bodies, whe-
ther Acérial or more grofs, that keep
them bent, and hiander the expunfion of
its parts, which will dilate themfelves or
flie abroad towards that part, whether up-
wards or downwards , where they finde
their attempted Dilatation of themf{elves
le(s refifted by the neithgboring Bodies.
Thus the Corpufcles of that Awr we have
been all this while {peaking of, being un-
able, by reafon of their weight, to afcend
above the Convexity of the Atmofphere,
and by reafon of the refiftanceof the fura
tace of the Earth and Water,to fall down
lower, they are forced, by their own gra-
vity and this refiftance, to expand and
diffule
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diffufe themfelves about the Terreftial
Globe 5 whereby it comes to pafs, that
they muft as well prefs the contiguous
Corpufclesof Airthat on either fide op-
pofe their Dilatation, as they muft prefs
upon the furface of the Earth, and, as it
wererecoyling thence, endeavor to thruft
away thofe upper particles of Air that
lean upon them,

And as for the eafie yielding of ‘the Air
to the Bodies that moveinit, if we con-
fider that the Corpufcles whereof it con-
fifts, though of a{pringy nature, are yet
fo very fmall, as to makeup (which ’tis
manifeft they doe) a fluid Body, it will
not be difficult to conceive, that in the
Air, asinother Bodies that are fluid, the
little Bodies it confifts of are inan almoft
reftle(s motion, whereby they become
(as we have more fully difcour{ed inano Z#4Dif+
ther Treatife) very much difpofed to conre
yield to other Bodies, or eafie to be dif- toching
-plac’d by them, and that the fame Cor-f;z j;‘;?’m
pufcles are likewife fo varioufly mov’d, as ...~
they are intire Corpufcles, that if fome
ftrive to putha Body plac’d among them
towards the right hand (for inftance)
others, whofe motion has an oppofite de-
termination, as ftrongly thruft the fame

D2 Body
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Body towards the left; whereby neither
of them proves able to moveitout of
its place, the preflure on all hands being
reduced as it weretoan e £quilibrinm: I3
that the Corpufcles of the Air muft be as
well fometimes confidered under the no-
tionof little Springs, which remaining
bent, arein their entire bulk tran{ported
from. place to place; asunder the notion
of Springs difplaying themfelves, who{e
parts flie abroad whilft as to their entire
bulk they fcarce change place: As the
1wo ends of a Bow, thot oﬂ fly from one
another, whereas the Bow it felf may be
held faft in the Archers hand; and thatit
is the equal preflure of the Air on all fides
upon the Bodies that are in it, which cau-
{es theeafie Ceflion of its parts, may be
argwd from hence: Thacif by the help
of our Engine the Air be but in great
part, though not totally drawn away
from one fide of a Body without being
drawn away from the other; hethat{ fhall
think to move that Body too and fro, as
eafily as before, will finde himfelf much
miftaken.

Inverification of which we will, todi-
vert your Lordthipalittle, mention here
a Phenomenon of our Engine, which even
o
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to divers ingenious perfons has at firfk
fight feem’d very wonderful,

THe thing that is wont to be admired, zvpei-
and which may pals for our fecond ment 2.
Experiment is this, That if, when the
Receiver is almoft empty, a By-ftander
be defired tolift up the brafs Key(former-
ly defcribed as a ftopple inthe brafs Co-
ver) he will finde ita very difficule thing
to do fo, if the Vellel be well exhaufted 5
and even when but a moderate quantity of
Air has been drawn out, he will, when he
haslifted it upalictle, fo thatit is fome-
what loofe from the fides of the lip ox
focket, which (with the help of a little
oylitexadtly filled before, he will (I fay)
finde it {o difficult to be lifted up, that
he will imagine there is fome great weight
faftned to the bottomof it.  Andif (as
fometimes has been done for merriment)
onely a Bladder be tyed toit, it is plea-
{ant to feehow men will marvail that {o
light a Body, filled atmoft but with Air,
{hould fo forcibly draw down their hand
asif it were fill'd with fome very ponder-
ous thing : whereas the caufe of this pret-
ty Phenomenon feems plainly enough to
D3 be




(38)
be onely this, That the Air inthe Recei.
ver, being very muchdilated, its Spring
muft be very much weakn’d, and confe-
quently it can but faintly prefs up the
lower end of the ftopple, whereas the
Spring of the external Air being no way
debilitated, he that a liccle lifts up the
ftopple muft withhis hand {upport a pref-
fure equal to the difproportion berwixt
the force of the internal expanded Air,and
thatof the Atmofphere incumbent upon
the upper part of the fame key or ftopple:
And fo men being unul’d to finde any re-
fiftance, in lifting things up , from the
free Air above them, they are forward to
conclude that that which depreiles their
hands muft needs be fome weight,though
they know not where plac'd, drawing be-
neath it.

And that we have not mif-affign’d the
caule of this Phenomencn feems evident
enough by this; That as Air is fuffer-
ed by lictle and litcle to'get into the Re-
ceiver, the weight that a man fancies his
hand fupports is manifeftly felt to decreafe
more and more, theinternal Air by this
recruit approaching more to an e£quili-
brinw with the external, till atlength the
Receiver growing again full of Aur, the

TR nopple
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ftopple may be lifted up without any dif-
ficulty at all. '
By feveral other of the Experiments
aftorded us by our Engine, the fame no-
tionof the great and equal preflure of the
free Air upon the Bodies it environs,
might be here manifefted, but that we
think it not fo fit to anticipate fuch Ex-
periments; And therefore thall rather
employ afew lines to clearupa difficulty
touching this macter, which we have ob-
ferv’d to have troubled fome even of the
Philofophical and Mathematical Specta-
tors of our Engine, who have wonder’d
that we thould talk of the Air exquifitely
fhut upin our Receiver, as if it wereall
one with the preflure of the Atmofphere;
whereas the thick and clofe body of the
Glafs,wholly impervious to the Air,does
manifeftly keep the incumbent Pillar of
the Atmofphere from preffing in the leait
upon the Air within the Glafs, which it
can no where come to touch. Toeluct-
datea little this matter, let us confider,
That 1f a man fhould take a fleece of
W ool,and having firft by compreffing it
in his hand reduc’d it into anarrower com-
pafs, thould nimbly convey and fhut it
clofe up into a Box juft fic for it, though
Dy the
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the force of hishand would then no lon:
ger bend thofe numerous {pringy Body’s
that compofe the Fleece, yet they would
continue as ftrongly bent as before, be-
caufe the Box they are inclof'd in would
as much refift their re-expanding of
themfelves, as did the hand that put them
in. For thus we may conceive, that the
Air being fhut up, when its parrs are bent
by the whole weight of the incumbent
Atmofphere, though that weight can no
longer lean uponit, by reafonitis kept
off by the Glafs, yet the Corpufcles of
the Air within that Glafs continue as
forcibly bent as they were before their in-
clufion, becaufe the fides of the Glafs
hinder them from difplaying or ftretch-
ing out themfelves. And if it be ob-
je€ted that this is unlikely, becaufe ev'n
Glafs bubles , fuch as are wont to be
blown at the flame of a Lamp, exceeding
thin and Hermetically feal’d will not
break ; whereas it cannot be imagin'd
that fo thina Prifon of Glafs could re-
fift the Elaftical force of all the included
Air, if that Air were {o comprefl’d as we
fuppofe. It may be eafily reply’d, That
the preflure of the inward Air againft the
Glals, is countervail’d by the equal p;ef-

ure
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fure of the outward againft the fame Glafs.
And we feein bubles, that by reafon of
this an exceeding thin film of Water is
often able, for a good while, to hinder the
eruption of a pretty quantity of Air.And
this may be alfo more confpicuous in
thofe great Spherical bubles that boyes
fometimes blow with Water, to which
Sope has given a Tenacity.But that, if the
preflure of the ambient Air were remov’d,
the internal Air may be able to break
thicker Glafles then thofe lately men-
tion’d,will appear by fome of the follow-
ing Experiments; to which wefhall there-
fore now haften, having, I fear, been but
too prolix in this Excurfion, though we
thought it not amifs toannex to our firft
Experiments fome general Confideratt-
ons touching the Spring of the Air, be-
caufe (this Dorine being yet a ftranger
to the Schools) not onely we finde not
the thing it felf to be much taken notice
of; but of thofe few that have heard of it,
the greater part have been forward to re-
jectit, upona miftaken Perfwafion, that
thofe Phanomena are the effeés of nacures
abhorrency of a Pacunm, which feem to
be more fitly afcribeable to the weight
and Spring of the Air, ‘

o We
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- VYV E will now proceed to obferve that

though, by the help of the handle,
the Sucker be eafily drawn down to the
bottom of the Cylinder; yet, without
the help of that Leaver, there would be
required to the fame effeét , a force or
weight great enough to furmount the
preflure of the whole Atmofphere: Since
otherwife the Air wouldnot be driven out
of its place, whennone is permitted to
fucceed into the place deferted by the
Sucker, This{eems evident, from the
known Torricellian Experiment,in which,
if theinverted Tube of <Mercnry bebut
25 Digits highs or fomewhat more, the
Quick-filver will not fall but remain fuf-
pended in the Tube; becaufe it cannot
prefs the fubjacent Mercary with fo great
aforce, as does the incumbent Cylinder
of the Air reaching thence to the top of
the Atmofphere: Whereas, if the Cy-
linder of Mercnry were three or four digits
longer, it would over-power that of the
external Air,and runout into the Veflel’d
Mercury, till the two Cylinders came to
an «£quilibrinm, andno further.  Hence
we need not wonder , that though the
 Sucker
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Sucker moveeafily enough up and down
in the Cylinder by the help of the Mans-
brinm; yetif the Manubrium be taken off,
it will require z confiderable ftrength to
move it either way. Nor will it feem
ftrange, that if, when the Valve and
Stop-cockare well fhut, youdraw down
the Sucker, and then let go the Manubri-
um 5 the Sucker will, as 1t were of it felf,
re-afcend to the top of the Cylinder,fince
the fpring of the external Air findes no-
thing to refift its preffing up the Sucker.
And for the’ fame reafon, when the Re-
ceiver is almoft evacuated, though, ha-
ving drawn down the Sucker, you open
the way from the Receiver to the Cylin-
der, and thenintercept that way again by
returning the Key 5 the Sucker will, up-
on the letti ng go the < anubrinm’ be
forcibly carried up almoft to the top of
the Cylinder : Becaufe the Air within the

Cylinder, being equally dilated and weak-
ned with that of the Glafs, is uzable to
withftand the preflure of the ex ternal Air,
till it be driven into fo little fpace, that
thereis an o Equilibrium betwixt its force
and thatof the Air without. And con-
gruoudly herennto we finde, that in this

cafe, the Sucker is drawn down withlictle
lefs
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lefs difficulty, thenif the Cylinder, be=
ing devoid of Air, the Stop-cock were
exaily fhut: We might take notice of
fome other things, that depend upon the
Fabrick of our Engineit felf 5 but to fhun
prolixity, we will, in this place, content
our {elves to mention one of them, which
feems to be of greater moment then the
reft, and it is this ; that when the Sucker
has beenimpell’d to thetop of the Cylin-
der,and the Valveis fo carefully ftopp’d,
that there is no Air left in the Cylinder a-
bove the Sucker : If then the Sucker be
drawn to the lower part of the Cylinder,
he that manages the Pump findes not any
fenfibly greater difficulty todeprefs the
Sucker,when itis nearer the bottom of the
Cpylinder,then whenit is much further off.
Which circum{ftance we therefore think fic
to take notice of, becaufe an eminent Mo-
dern Naturalift hath taught,that,when the
Alr is fucked out of a Body, the violence
wherewith it is wont to rufh into it again,
as foon as it isallow’d to re-enter, pro-
ceeds mainly from this 5 That the preflure
of the ambient Air is ftrengthned upon
the acceflion of the Air fuck’d out;which,
to make it felf room, forces the neighbor-
ing Air to a yiolent-fubingreffion of its
pacts : which,if it were true, he that draws
I ST down



down the Sucker, would finde the refift-
ance of the external Air increaf’d as he
draws itlower, more of the difplaced Air
being thruft into it to comprefsit. But,by
what has been difcour{’d upon the firft
Experiment, it feems more probable,that
without any fuch ftrengthning of the pref-
{ure of the outward Air, the taking quite
away or the deblhtﬁtmg of the refiftance
from within, may fuffice to produce the
effects under confideration. But this will
perhaps be illuftrated by fome or other of
our future Experiments , and therefore
{hall be no longer infifted on here,

:E.I Aving thus taken notice of fome of Experi-
the conftant Phenomenaof our En- 77 4
gine it felf, let us now proceed to the Ex-
periments tryable init.

We took then a Lambs Bladder large,
\»elldry ‘d, and very limber, and leavmom
it about half s much Airas it could con-
tain, we cauf’d the neck of it to be ftrong-
ly ty’d, fo that none of the includéd Air,
though by preflure, could get out. This
Bladder being g convey’dinto the Receiver,
and the (“ovm luted on, the Pump ’
was {et awork, and after two or three
ex{ultions of the ambient Air (where.
by the Spring of that which remain’d in

the
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the Glafs was weaken'd) the Imprifon’d
Airbegan to fwell in the Bladder, and as
more and more of the Air in the Recei-
ver was,from time to time,drawn out 5 {o
did that in the Bladder more and more ex-
pand it felf, and difplay the folds of the
tormerly flaccid Bladder:fo that before we
had exhaufted the Receiver near fo much
as we could, the Bladder appear’d as full
and ftretched, asif it had been blown up
witha Quill.

And that it may appear that this plump -
nefs of the Bladder proceeded from the
furmounting of the debilitated Spring of
theambient Air remaining in the Veflel,
by the ftronger Spring of the Air remain-
ing in the Bladder ; we Return’d the Key
of the Stop-cock,and by degrees allow’d
theexternal Air to return into the Recei-
ver: Whereupon it happen’d, as was ex-
pected, that as the Air came in from with-
out, thedifturb’d Air in the Bladder, was
proportionably comprefl’d into a narrow-
er room, and the fides of the Bladder
grew flaccid, till the Receiver having re-
admitted its wonted quantity of Air, the
Bladder appear’d as full of wrinkles and
cavities as before.
bt Sl B S S
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This Experimentis much of the {ame
nature with that which was fome years
agoe {aid to be made by that eminent Ge-
ometrician Monfieur Roberval , with a
Carps Bladder empty’d and convey’d into
a Tube, wherein the Ex periment De Va-
¢no was afterwards try’d, which ingeni.
ous Experiment of his juftly deferves the
thanks of thofe that have been, or (hall be
folicitous to difcover the nature of the
FUIES

But toreturn to our Experiment, we
may take notice of this Circumftance in
it, That atter the Receiver has been in
fome mealure empty’d, the Bladderdo’s,
at each exfuction, {well much more con-
fpicucufly then it didat any of the firft
Ex{u&tions; infomuch that towards the
end of the pumping, not onely a great
told or cavity in the furface of the Blad-
dermay be made, even by the ftretching
of the inward felf-expanding Air: Buc
we have fometimes feen, upon the turn-
ing of the Key to let the ambient Air
pafs out of the Receiver into the Cyling
der, we have {een (I fay) the Airin the
Bladder fuddenly expand it felf {o much
andfo briskly, thacic manifeftly lifted up
{ome light Bodies that lean'd upon itj

an
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and feem’d to lift up the Bladder it
{elt.

Now becaufe it has by very Learned
Men been doubted whether the fwelling
of the Bladder may not have proceeded
from the Dilatationof the included Air,
but from the Texture of the Fibres,
which, being wont to keep the Bladder
extended when the Animal to whom it
belong’d was alive, may be fuppold in
our Experiment to have return’d, likefo
many Springs to their wonted extent, up-
on the removal of the Ambient Airthat
comprefl’d and bent them: becaufe this,
I fay, has been doubted, we thoughe fic
to make this further tryall. :

We let down into the Receiver with
the fore-mentioned Bladder two other
much {maller, and of the fame kinde of
Animal ;5 the one of thefe was not ty'd
up at the neck that there might be liberty
left to the Air that was not fqueez’d out
(which might amount to about a fifth
part of what the Bladder held betore) to
pafs out into the Receiver : The other had
the fides of it ftretch’d out and prefl’d to-
gether, almoft into theformof a Cup,
that they might intercept the lefs Air be-
twixt them, and then was ftrongly ty’d
up




(49)
upat theneck : Thisdore, and the Air
being in fome meafure fuck’d out of the
Pneumatical Glafs (if I may fo call it)
the Bladder, mention’d at the beginning
of our Experiment, appear’d extended e-
very way to-its full Dimenfions ; whereas
neither ot the two others did remarkably
{well, and that whotfé neck was not ty’d
{eem’d very little, if acall lefs wrinkl’d
then when it was put in,

‘Wemade ltkewifea ftrong Ligature a-
bout the middle of a long Bladder parc- .
ly empty’d, and upon the drawing the
Air out 'of the Receiver, could obferve
no fuch fwelling betwixt the Ligatureand
the Neck of the Bladder, which had been
purpofely left open. as betwixt the fame
Ligature and the bottom of the Bladder,
whence the included Air could no way
get out.

Buc a furtherand {ufficient manifeftati-
on whence the intumeflence of the Blad-
der proceeds, may be deduc’d from the
following Experiment.

'i 'O try then at once both what it was Experi-

apowerful Spring thereisev’ninthe Air

va
4 Y

that expanded the Bladder, and what et 5.
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we are wont to think uncomprefl’d, we
cauf*da Bladderdry, well ty’d and blowd
moderately full, to be hung in the Recei-
ver by one end of a ftring, whofe other
end was faftned to the infide of the Co-
ver: and upondrawing out the ambient
Air, that prefl’d on the Bladder ; the in-
ternal Air not finding the wonted refift-
ance, firft {well’'d and diftended the Blad-
der, and then broke it, with fowide and
crooked arent, asif it had been forcibly
torn affunder with hends. ~ After whicha
fecond Bladder being convey’d in,the Ex-
periment was repeated with like {uccefs:
And I'fuppofeit will not be imagin’d that
in this cafe the Bladder was broken by its
own Fibres, rather then by the Impri-
fon’d Air.

Andof this Experiment thele two Phe-
nomerna may be taken notice of : The one,
that the Bladder at its breaking gave a
great report, almoft likea Craker : And
theother, That the Air contain’d in the
Bladder, had the power to break it with
the mention’d Impetuofity, long before
the ambient Air was,allor near all, drawn
out of the Receiver,

But, to verifie what we fay in- another
Difcourfe, where we fhow, That even
true
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true Experiments may, by reafon of
the calie miftake of fome unheeded
Circumftance , be un(uccefstully try’ds;
we will Adver tife, on this occafion,

that we did oftentimes in vain try the
breaking of Bladders, after the manner
above mention'd: Of which the caufe
appear’d to be this, That the Bladders we
could not break, having been brought us
ready blown from thofethat fold them,
were grown dry before they came to our
hands: whence it came to pafs, that, if
we afterwards ty’d them very hard, they
were apt to fret and fo become unfervice-
able ; ‘and if we ty’d them but moderate-
ly hard, their fiffaefs kept them from be-
ing clofdfoexadtly, but that when the
included Air had in the exhanfted Recei-
ver diftended them as much as eafily it
could, it would in part get out between
the litcle wrinkles of the Sphincter of the
Neck : Whence al{o it ufually happen’d,
that, upon the letting in the Air from
without, the Bladders appear’d more flac-
cid and empty then before they were put
in; whereas when the Bladders were
brought us moift from the Butchers, we
could without injuring them, tye their
necks fo clofe, thatnone of the Air once
E 2 blown
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‘blown in, could get out of them, but by

violently breaking them:

Ic will not be amifs on this occafion to
point at {fomething which may deferve a
more deliberate Speculation then we can
now affordit; namely that the Elaftical
Power of the fame Quantity of Air may
be as well Encreaf’d by the Agitation of
the Aécrial Particles (whether onely mo-
ving them more- {wiftly and {cattering
them, or alfo extending or ftretching
them our, I determine not) within an
every way inclofing and yet yielding Bo-
dy s as Difplay’d by the withdrawing of
the Air that prefl’d it without. For we
found that a DBladder, but moderately
filld with Air and ftrongly ty’d, being
a while held near the Fire,nctonely grew
exceeding turgid and hard, but after-
wards , being approach’'d nearer to the
Fire, {uddenly broke with {o loud and ve-
hement a noife, as ftony’d thofe that were
by, and made us, for a while after, almoft
deaf.

_T Aving thus feen that the Air hasan

" Elaftical Power, we were next defi-
rous to know in fome meafure how far a
h ' parcel
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parcel of Air might by this its own Spring
be dilated- And though we were not pro-
vided of Inftruments fit to meafure the
dilatationof the Air any thing accurately,
yet becau{ean imperfet meafure of it was
more defireable then noneat all, we de-
vifd the following Method as very eafily
practicable,

We tock a limber Lambs Bladder
which was thorowly wetted in fair Water,
that the fides of it being fqueez’d toge-
ther, there might be no Air left in its
folds: (as mdeed we could notatterwards
upon tryal difcern any) The neck of this
Bladder was ftrongly tyed about that of
a fmall Glafs, (capable of holding five
full drachmes of W ater) the Bladder be-
ing firft {o comprefl’d, that all the inclu-
ded Air was onely in the Glafs, without
being prefl’d there ;5 then the Pump be-
ing (et awork after 2 few exfu&xons, the
Airin the litele Viol began to dilate it
{elf and produce a {mall Tumor in the
Neck of the Bladder 5 and as the ambi-
ent Air was more and more drawn away,
{o the included Air penetrated further and
furcher into the Bladder, and by degrees
lifted up the fides and dlfplav d’its folds,
tillac length it feem’d to have blownic

E 3 up
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up toits fullextent : whereupon the ex-
ternal Arr, -being permitred to flow back
into the Reciver, repulfd the Air that
had fill’d the Bladder into its former nar-
row receptacle, and brought the Bladder
to be again flaccid and wrinkled as before ¢
Then taking out the Bladder, but with-
out fevering it from the Glafs, wedid by
4 hole made at the top of the Bladder fill
the Veflel they both madeup with Wa-
ter, whofe weight was five Ounces five
Drachmes and an half:  Five Drachmes
whereof were above-mention’d to be the
contents of the Bottle.So that in this Ex-
periment, when the Air had moft extend-
ed the Bladder, it poflefl’d in all above
nine times as much room as it did when it
was put into the Receiver. Andit would
probably have much inlarg’d its bounds,
but that the Bladder by it weight and the
fticking together of its fides did fome-
what refift its expanfion: And whichwas
. more confiderable, the Bladder appear'd
tumid enough, whilft yet a pretty deal of
Air was left in the Receiver, whofe ex-
{ution would, according to our former
Obfervation, probably have given way
toafurther expanfion of the Air, efpelcli-

‘ ! 4
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ally {uppofing the dilatation not to be re-
ftrain’d by the Bladder.

¢ Ince wewrote the other day the former
v Experitnent, we have met with fome
G.ufles not very unfit for our purpofe 5
by means of which we are now able, with
alittie more trouble, to meafure the ex-
paniton of the Air a great deal more ac-
curately then we cou Idt by the help of the
above-mention’d Dladder, which was
much to narrow to allow the Airits at-
moft diftentton.

Wetook then firfta Cylindrical Pipe
of Glafs, whofe bore was about a quarter
of anInchin Diameter: this Pipe was fo
bent and doubled, that, notwithftanding
its being about two foot ia length, it
might have been thut up into a fmall Re-
ceiver, not a Foot high: Buat by mif-
fortune it crack’d in the cooling, whereby
we were reduced to make ufe of one pare
which was ftraight and intire, butexceed-
ed not {ix or feven Inches, This lictle
Tube was open at one end 5 and at the
other, whereitwas Hermetically feal’d,

had a fmall Glafs bubble to receive the
Air whofe dilatation was to be meafur’d,
E 4 Along
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Along the fide of this Tube was paft-
eda ftraight narrow piece of Parchinent,
divided into twenty fix equal paris, i ark-
edwith black Lines and Figures, tha: by
them might be meafur'd borh the inclu.-
ded Air and its dilacation.  Afterwards
we fill'd the Tube with Water almoft to
the top, and ftopping the open ena with
a Finger, and isverting the Tube, the
Air was permitted to afcenc to the above-
mention’d Glafs bubble. Anc byreca-
fon this afcent was very flow, it gave us
the opportunity to mark how much more
or lefs thenoneot the twenty fix divifi-
ons this Air took up. By this means af-
ter a tryal or two, we were inabled to con-
vey to the top of the Glafs a bubble of
Air equal enough, as to fight, to one
of thofe Divifions : Then The open end
of the Tube being putinto a fmall Viol,
whole bottom was cover’'d with Water
about half an Inch highs; we included
both Glafles into a {mall and flender Re-
ceiver, and caufed the Pump to be fet a-
work. The evenpwas, Thatat the firft
ex{uétion of the Air there appear’d not
any expanfion of the bubble, comparable
to what appear’d at the {econd, and that
upon a very few exfuctions the bubble
reaching
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reaching aslow as the {urface of the fub-
jacent Water, gave us caufe to think
that if our Pipebhad not been brokenit
would have expanded it f{elf much fur-
ther : Wherefore we took out the little
"Tube, and found that befides the twenty
fix divifions formerly mention’d, the
Glafs bubble and fome part of the Pipe
to which the divided Parchment did not
reach, amounted to {ix divifions more.
Whereby it appears that theair had taken
up one and thirty times as much room as
before, and yet feem’d capable of amuch
greater expanfion, if the Glafs would
have permitted it. Wherefore, after the
former manner, we let inanother bubble,
that by our guels was but halt as big as
the former, and found, that upontheex-
{uction of the Air from the Receiver, this
little bubble did not onely fill up the
whole Tube, but (in part) break through
the fubjacent- Water in the Viol, and
thereby manifeft it {elf to have poflefled
fixty and odde times its former room.
Thefe two Experiments are mention’d
to make way for the more eafie beliet of
that whichis now to follow. Finding
then that our Tube was toothort to ferve
our turn, we took a flender Quill of Glals
RO which
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which happen’d to be athand, though it
were not fo fit for our purpofe as we
could have withed, inregard it was three
or four times as big atone end as theo-
ther, This Pipe which was thirty Inches
long, being Hermetically feal’d at the
{lender end, was almoft filled with Wa-
ter ; and after the above-related manner
a bubble was convey’d to the top of it,
and the open ex tream was put into a Viol
thathad a lictle fair Water at the bottom:
Then the Cover,by means of a fmall hole
purpofely made in it for the Glafs Pipeto
ftand our ar, was cemented on to the Re-
cewver, and the Pump being fet awork,
after fome ex{uctions, not onely the Air
munifeftly appear’d extended below the
furface of the {ubjacent Water 5 but one
of the By-ftanders affirms, that he faw
{ome bubbles come out at the bottom of
the Pipe and break through the Water.
This done, we left off Pumping, and ob-
ferv’d how 4t theunperceiv’dleaks of the
Receiver the Air got in fo faft, thatic
very quickly impell'd up the Water to
thetop of the Tube, excepting 2 little
{pace whereinto that bubble was repulf’d,
which had fo lately poflefPd the whole
Tube s this Air at the flender end ap-
o pear’d
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pear’d to.be 2 Cylinder of ;- parts of an
Inchin length; but when the Pipe was
taken out and turn’d upfide down, it ap-
pear’d at the other end interior in bulkto a
Pea,

Thele things being thus done we took
(to make the Experiment the more ex-
actly) a fmall pair of Scales, fuch as Gold-
Smiths ufe to weigh Gold Coynin 5 and
weighing the Tube and Waterinit, we
found them to amount to one Ounce thir-
ty Grains and an half: Thenwe pour'din
as much Water as {erv’d to fill up the
Tube, wherein before we had left as much
{pace unfill'd up as was poflefl’d by the
bubble, and weighing again the Pipe and
Water , we found the weight increal’d
onely by one Grain., Laftly, pouring out
the Water, and carefully freeing the Pipe
from it (which yet we couldnot perfectly
doe) we weighed the Glafs alone, and
found it to want two Drachmes and thirty
two Grains of its former weight: So
that the bubble of Air taking up the room
but of one Grain in weight of Water, it
appear’d that the Air by its own =7l
was {o rarified, as to takeup one hundred
fifty two times as much room as it did be-
tore : though it were then compreffd by
~ nothing
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nothing but the ordinary preflure of the
contiguous Air. .Iknow not whetherit
be requifite to take notice, that this Ex-
periment was made indeed in a moift
Night, butina Room, in whofe Chim-
ney there was burningagood Fire, which
did perhaps fomewhat rarifie the Air of
which the bubble confifted.

It has feem’d almoft incredible which is
related by the Induftrious Mer fennus, Thac
the Air by the violence of heat, though
as great as our Veflels can {fupport with-
out fufion, ccnbefo dilated as to takeup
feventy times as much roomas before :
Wherefore becaufe we were willing to
have a confirmation of o ftrange a Pheno-
menowm 5 We once more convey’d into the
‘Tube abubble of the bignefsof the for-
mer, and profecuting the Experimentas
before with the fame Water, we obferved
that the Air did manifeftly ftretch it felf
fo far, as .to appear {everal times a good
way below the {urface of the Water in the
Viol, and that too with a furface very
coavex toward the bottom of the Pipe.
Nay, the Pump being ply’da little lon-
ger, the Airdid manifeftly reach to that
place where the bottom of the Tube
lean’d upon the bottom of the Viol, and
, SO eemd
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feem’d to knock upon it and rebound
fromit : Which Circumftances we adde,
partly that the Phenomenon we have been
relating may not be imputed to the
bare fubfi ding of the Water that fill'd
the Tube, upon the taking off the pref-
fure of the ambient Air. And partly al-
fo that it may appear thatif our Expe-
riments have not been as accurately made
* as'with fitter Inftruments might perhaps
be poffibles yet the expanfion of the
Air is hktly to be rather greater then
letler then we have made it: Since the
Air was able to prefs away the Water at
the bottom of the Pipe,though that were
about two Inches below the {urface of the
Water that was then in the Viol, and
would have been at leaft as high in the
Pipe, if the Water had onely {ubfided and
not beendeprefled: So thatit feems not
unlikely chat if the Experiment could be
{o made, as that the e\mnﬁon of the Air
might not be refifted by the \Iemhuox'm
Bodies, it would yet inlarge its bounds,
and perhaps ftrecch it {elf to cwo hundred
times its former bulk, if not more. How-
ever,what we have now try’d will, I hope,
fuffice to hinder divers of the Phencmena
of our Engine from being difirufted:
Since
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Since in that part of the Atmofphere we |
livein,that which we call the free Air (and
prefume to be {o uncomprefl*d) is crouded
into fo very {mall a part of that {pace,
which if - it were not hindred it would pot-
fefs. Wewould gladly have tryed alfo
whether the Air at its greateft expanfion
could be further rarified by heat; butdo
what we could, our Receiver leak’d too
faft to let us give our {elves any fatisfactis
on in that particular.

T O difcover likewife by the means of

that prefiure of the Air, both the
ftrength of Glafs, and how much inte-
reft the Figureof a Body may havein its
greater or lefler Refiftance to the preflure
of other Bodys, we made thefe further
tryals.

We caufd to be blownwithaLamp a
round Glafs bubble, capable of contain-
ing, by guefs, about five Ounces of Wa-
ter, with a{lender neck abou the bignefs
of aSwans Quill, and it was purpofely
blown very thin, as Viols made with
Lamps are wont to be, that the thinnels
of the matter might keep the roundnefs
of the Figurefrom making the Veflel too
: s = e frong 3
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ftrong. Then having moderately empty-
ed the Receiver, and taken it out of the
Pump, welpeedily applyed to the Ori-
fice of the bottom of it the Neck of the
newly mention’d Glafs,carefully ftopping
the Crannys with melced Plaifter, that no
Air might get in at them : And after
turning the Key of the Stop.cock, we
made a free paflage for the Air to pafs ont
of the bubble into the Receiver : which ic
did with great celerity, leaving the bub-
bleas empty as the Receiver it 1e1f, as ap-
pear’d to us by fome Circumftances not
now to beinfiftedon. Notwithftanding
all which, the Veflel, continning as intire
~as before, gave us caufe to wonder that
the bare Roundnefs of the Figure {hould
inable a Glafs, almoft as thinas Paper, to
refift fo greac a preflure as that of the

whole incumbent Atmo(phere. And ha-

ving reiterated the Experiment, we found
again. that the preffure of the ambient
Body , thrufting all the parts inwards ,
made them, by reafon of their arched
gure, fof{upport one another, that the
Glafsremain’d as whole as at firft.

Now that the Figure of the Glafs 1s
of great moment in “this macter, may be
evinced by this other Experiment,
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V E took a Glafs Helmet or Alem-
bick (delineated by the feventh

Figure) fuchas Chymifts ufe in Diftilla-
tions, and containing by conjeture be-
tween two and three Pints: The Roffrums
or Nofe of it mark’d with (¢) was Herme-
tically clofed ; and at the top of it wasa
hole, into which was fitted and cemented
one of the Shanks of a middle-fiz’d Stop-
cock; fo that the Glafs being turn’d up-
fide-down, the wide Orifice (which In
common Glafs-Helmets is the onely one)
was upwards ; and to that wide Orifice
was fitted a caft- Cover of Lead, which
was carefully cemented on to the Glafs:
Then the other Shank of the Stop-cock
being with Cement Lkewife faften’d into
theupper part of the Pump, theexfudi-
onof the Air was endeavoured, But it
was not long betore, the remaining Air
being made much too weak to ballance
the preflure of the ambient Air, the Glafs
was not without a great noife crack’d al-
moft half round, along that part of it
where it began to bend inwards: As if
in the Figure the crack had been made ac-
cording to the Line (44); and uponan
en-
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endeavour to pump out more of the Al,
the crack once began, appear’d to runon
further 5 though the Glafs where it was
broken feem’d to be by conjelture above
ten, fome thought above twenty times as
thick as the bubble mention’d in the fore-
going Experiment. ‘
This will perhaps makeit {feem ftrange,
that having taken another Glafs bubble
blown at the {ame time, and like for
ought we difcern’d for fize, thicknefs
and Figure to thac thin one formerly
mention’d ; and having feal’d it up Her-
metically, and fufpended itin the Recel-
ver, the exfuction of the ambient Air did
not enable the imprifoned Air to break,or
in the leaft to crack the bubble; though
the Experiment were laborioufly try'd,
and that feveral times with bubbles ot o-
ther fizes : Butthat perhaps the heat of
the Candle or Lamp wherewith fuch
Glaffes are Hermetically feal’d, (not to
mention the warmth of his hands that
feal’d it) might fo rarifie the contained
Air, asmuch toweakenits Spring , may
{eem probable by the following Expe-
riments,

E We




Experi- \/‘v] E took a Glafs Viol able to hold
meit Q. three or four Qunces of Water,
and of the thicknefs ufual in Glafles of
that fize; into the Neck of this was put
a moderately {lender Pipe of Glafs,which
was carefully faften’d with a mixture of e-
i i qual parts of Pitch and Rofinto the Neck
I of the Viol, and which reach’d almoft to
i the bottomof it, asthe {ixth Figure de-

‘ clares,
{ This Viol being upon a particular de-
‘ fign fill'd with Water,till that came up in
i ita pretty deal higher then the lower end
of the Pipe, was put into one of our {inall
Receivers, (containing between & Pint
anda Quart) in fuch manner as that the
Glafs Pipe, paffing through ahole made
purpofely for it in the Leaden-Cover of
the Receiver, was for the moft part of it
without the Veflel, which being exactly
¢ ll clofed, the Pump was fet awork : But at
I the very firft exfuction, and before the
Sucker was drawn to the bottom of the
Cylinder, there flew out of the Viol a
piece of Glafs half as broad as the Palm
of a Mans Hand, and 1t was thrown out
with fuch violence, that hitting again;lﬁ
the
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the Neighboring fide of the Receiver, it
not onely difbd it felf to pieces, but
crack’d the very Receiver in many p‘aces,
with a great notfe that much furprifed all
that were in the Room. Burt it feem’d
thatin fo little a Receiver, the Air about
the Viol being {uddenly drawn out, the
Air Imprifon’d in the Veflel, having on
it the whole preflure of the Atmofphere
(to which by the Pipe open at both ends,
Tt and the Water were expof*d)'and not
having on the other fide the wonted pref=
fure of the Ambient Air to ballance thae
other preflure, the refiftance of the Glafs
was finally furmounted,and the Viol once
beginning to break where it was weakeft,
the external Air might rufh in with vio-
lence enough to throw the crack'd parcel
{o forcibly aoa‘nﬁ the Neighboring fide

of the Receiver, as to break that too.
And this may be prefumed {ufficient to
verifie what we delivered in that parc.of
our Appendix to the firft Experiment,
where we mention’d the almoft equal
preflure of the Air on either fide of a
thin Gla(s Veflel, as the caufe of its not
being broken by the forcible Spring of
thecontaiwd Air. But yet that it be not
fufpetted thar chance had an inrereft in fo
' ¥ odde
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odde an Experiment as we have been Re-
lating, wewill adde that for farther farif-

'faé’hon we reiterated it in a round Glaffe

containing by guefle about {fix ounces
of water: this violl we put into fucha
fmall Receiver as was lately mention’d,
in {fuch manner as that the bottome of
i refted upon the lower part of the Pneu-
maticall Glafle, and the Neck came out
through the Leaden- Cover of the {ame
at a hole made purpofely for it.  But be-
ing made circum{pect by the foregoing
mxfchance we had put the violl into a
Bladder, before we put.it into the Re-
ceiver to hinder this laft named Glafie
from being endanger’d by the breaking
of the other, Then the Pneumaticall
veflell being clos’d fo that no way was
lefe for the outward Air to get into it,

but by breaking through the Vlol, into
whofe cavity it “had free accele by the
mouth of it, (which was purpofely left
open,) the ‘Sucker being nimbly drawn
down,the external Air xmmedmtly prefl’d
forcibl y as well upon the Leaden-Co-
ver as the Violl; and the Cover hap-
pening to be in one place a lictle narrow-

er then the edge of the Pneumatical Glafs,

was deprefl d, and thruft into it fo via~
lently
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iently by the incumbent Air, that get-
ting a little within the tapering pr of the
Gl fs,xt did like a kinde of Wedoe,thruﬂ:
our that fide where it was deprefl’d, fo as,
though the Receiver was new, to fplit it,
This accident being thus mention’d upon
the by to confirm Wh’h we formerly faid
touching the fitnef{s or unfitne(s of GlafTes
of fome Figures to refift the preflure of
the Atmofphere-, We will proceed to
relate the remaining part of the Experia
ment, namely, That having fitted on a
wider Cover to the fame Receiver, and
clofed both that and the crack with Ce-
ment, we profecuted the Experiment in
the manner above related,” with this fuc-
cefs: Thatupon the quick deprefling of
the Sucker, the external Air burft the
Body of the Viol inabove a hundred pie-
ces, many of them exceeding {mall, and
that with fuch violence that we found a
wide rent, befides many holes, made in
the Bladder it felf.

And to evince that thefe Phenomena
were the cffets of a limited and even
moderate force, and not of fuch anab-
horrency of aZacuum as that toavoidir,
many have been pleafed to think that Na-
wure muft, upon occafion, exercife anal-

E3 moft
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moft boundlels power;we afterwards pur-
pofely try’d this Experiment with {everal
Glafles fomewhat thicker then thofe Vi-
ols,and found the event to verifie our con-
jecture, that it would not {ucceed: for
the Glaffes were taken out as intire as they
were put in,

And here, My Lord, Ihold it not un-
fit, upon occafion of the mention that
has been made of our having employ’d
fmall Receivers, and one of them, not-
withftanding its being crack’d, to annex
thele two Advertifements.

Firft then, befides the great Pneuma-
tical Gla(s fo often mention’d , and the
proportionate Stop-cock, we thought fit
to provide our felves of fome fmall Recei-
vers blown of Cryftalline Glafs, of feve-
ralli Shapes , and furnithed with fmaller
Stop-cocks purpofely made 5 and this we
did upon hopes that when we had fur-
mounted the difficulties to be met with in
Cemeating the Glaffes to the Stop-
cocks, and the Pneumatical Veflels to the
Pump {o exquifitely as is requifite for our
purpofe, we fhould from the fmalnefs of
our Receivers receivea four-fold Advan-
tage, The firft, that by reafon of the
{lendernefs of the Veflels, and their be-

| mg
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ing made of much purerand clearer me-
tall, as the Glas-men {peak, then the
grear Receiver, we might have a more
perfect view of every thing happening
within them, Thenext, that {fuch fimall
Veflels might be empty ‘d with lefs la-
bourand in much lefle time.  The third,
that this nimble exf{uction of the ambient
Air would make many changes in the
Bodies fhut up inthefe glaffes more fud-
denand confpicuous then otherwife they
would prove. And thelaft,that we thould
be able to draw and keep out the Air much
more perfectly from fuch {mall Veflels
then from our large Receiver. But though -
we were not much dif-appointed in the
expectation of the three firft advantages,
yet we were inour hopes of the fourth,
For befides the great difficulty we found
in fitting tooethq the Glafles, the Stop-
cocks and the Covers 5 befides this I fay,
we found our felves feldom able to draw,
and keep out the Air {o far as to make the
remaining Airin thefe Receivers weaker
then the remaining Air inour great Recei=
ver. Fot though {ometimes the Leaks
of fome of theie litcle Receivers may be
much either fewer or {maller then thofe

of thelarger Veflels yetalittle Air get-
F 4 tm(‘
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ting into one of thefe, wherein it had bue
little room to expand and difplay it felf,
might prefs as much upon all parts of the
internal {urface of the Veflel, and upon
the included Bodies, as a greater quan-
tity of Airina Veflel in whofe capacity
it might finde more room to expand it
{elf.

The other thing that we were to ad-
vertife, is, That tisnotevery fmall crack
that can make fuch aReceiver as isof a
roundifh Figurealtogether ufelefs to our
Experiment, inregard that upon the ex-
fuétion of the internal Air, the ambient
Air onall fides prefling the Glafs inwards
or towards the middle, does confequent-
ly thruft the Lips of thecrack clofer, and
forather clofe then increafe it.

This I mention partly becaufe Recei-
vers fit for our turn are more eafily
crack’d then procur’d,and therefore ought
not to be unneceflarily thrown away as
unferviceable: And partly becaufe I think
it becomes one that profefles himfelf a
faithful Relator of Experiments, not to
conceal from Your Lordihip, thataftera
few of the foregoing Experiments were
made, there happen’din the great Recei-
ver a crack of abouta Span long, begin-
ning
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ning at the upper Orifice, and cccafion’d,
asit feem’d, by theexceflive heat of too
Jarge an Iron that was employ’d to melc
the Cement about that Orifice.  But ha-
ving laid upon this crack abroad Plaifter,
which inone of our Effays written fome
years fince to your ingenious and hopeful
Goufin Fones, we extoll for the mending
of crack’d Receivers, and other Chymi-
cal Glaffes 5 and having afterwards thick-
ly over-laid this Plaifter with Diachylon,
-we neither could then, nor can yet per-
ceive that the Veflel leaks fenfibly atthat
crack.

The Plaifter was made of good quick
Lime finely poudred, and nimbly ground
with a Peflle in a Morter, with a quantity
(I know not how much precifely, not ha-
ving thofe Effays in this place) of fcra=
pings of Cheefe and a little fair Water,
no more then is juft neceflary to bring the
mixture to a fomewhat {oft Pafte, which
when the Ingredients are exquifitely in-
corporated, will have a ftrong and
ftincking fmell: Then it muft be im-
mediately {pread upon a Linnen Cloath
three or four fingers breadth,and prefently
apply’d, left it begin to harden. Butif
Your Lordfhip had feen how we mend_eg

wit
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withit Receivers even for the moft (ub-
tle Chymical Spirits, You would fcarce
wonder at the {fervice it has donein our
Pneumatical Glafs. :

Expori- < 3x 7 E took a Tallow-Candle of {nch
ik V afize that eight of them make

about a pound, and havmg ina very com-

modious Candleftick letit down into the
Receiver, and fo fufpended it that the
ot Flame burnt almoft in the middle of the
gt Veflel, we did infome two minutes ex-
I actly dofeit up: and, upon Pumping ve-
1y nimbly, we found that within lrtle
more thenhalf a minute after the Flame
went out, though the Snuff had been
} purpofely lefi of that length we judged
i the moft convenient for the lafting of
it the Flame.

But the (econd time having put in the
fame Candle into the Receiver, (after it
had by the blafts of a pair of Bellows
been freed from Fumes) the Flame lafted
about two minutes from the time the
Pumper began todraw out the Air ; up-
afh on the firft exfuction whereof, the Flame
i feem’d to contra& it felf inallits Dimen-
i fions, And thefe things were further ob-
SR o fervable,
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fervable, thatafter the cwo or three hirf¥
exfuctionsof the Air, the Flame (except
at the very top) appear’d ex ceeding blew,
and that the Flame ftill receded more and
more from the Tallow, till at length it
appear’d to poflefs onely the very top of
the Week, and there it went out.

The fame Candle being lighted again
was fhut into the Receiver, totry howit
would laft there without drawing forth
the Air, and we found that it lafted much
longer then formerly 5 and before it went
out receded from the Tallow towards the
the top of the Week, butnot near fo
much as in the former Experiment.

And having an intention to obferve par-
ticularly what the motion of the {moal
would be in thefe Experiments: We
took notice that when the Air was not
drawn out, there did upon the extinction
of the Flame a confiderable part of the
Week remain kindled, which (probably
by reafon of the Circulation of the Air
in the Veflel, occafion’d by the heat) e-
mitted a Steam, which afcended fwiftly
and dire&tly upwards in a {lender and unin-
terrupted Cylinder of fmoke, till it came
to the top, whence it manifeftly recoyl’d
by the fides to the lower parc of the Vf?

Clo
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fel. Whereas when the Flame went out
upon the exf{uéion of the Air one time
(when the Flame retr’d very leafurely
to the top) we perceived it not to be fol-
lowd by any finoke at all. And at an
other time the upper part of the Week
renpining kindled after the extinétion
of the Flame, the {lender fteam of Fumes
that did arife alcended but a very little
way, and then after fome uncertain mo-
tions this and that way, did, for the moft
part,{oon fall downwards.

Being defirous alfo to try whether
there would be any difference as wellin
our Receiver as thereis wont to be elfe-
where betwixt Candles made of Wax and
thofe made of Tallow, as to their dura-
tion; we took flender Tapers of white
Wax, (commonly called Virgins Wax)
that being found to burn with much le(s
{moke then common yellow Wax: Six
of thefe of like bignefs, and each of them
of about the thicknefs of a Swans Quill,
we prefl*d together into one Candle : And
having lighted all the Weeks, we let in
the above.mention’d Wax into the Re-
ceiver, and made what hafte we could to
clofeitup with Cement, But thoughin
the mean while we left open the V alwg

' 0
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of the Cylinder, the hole of the Stop?
cock and that in the Cover of the Re-
ceiver, that fome Air might get in to
cherifh the Flame and the fmoke mighe
have avent; Yet for fo great a Flame
the Air fufficed not {fo much as till the
Cover could be perfectly luted on 2*So
that before we were quite ready toimploy
the Pump, the Candle was extinguithed.
Wherefore we took but one of the a-
bove mention’d Tapers, and having
lighted it, clofd it upin the Receiver, to
try how long a fmall Flame with a pro-
portionable {fmoke would continue in
fuch a quantity of Air: But we found
upon two feveral tryals, that from the
beginning of pumping, the Flame went
out in about a2 minute of an hour. It
appear’d indeed to us that the fwinging
of the Wier to and fro (in the Engine
fhaken by pumping) haften’d the vanith-
ing of the Flame, which feem’d by that

motion to be caft {fometimes on one fide .

of the Week and fometimes on the o-
ther: But though once we purpotely
refréin’d pumping after a very few ex-
fuctions of the Air, that the Flame might
notbe agitated, yet it lafted not much
longer then the newly mention’d [i;\]:&{
And
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And laftly, clofing up the fame Taper,
lighted again, to difcover how long it
would laft without drawing out of the
Air, we found that it burn’d for a while
vividly enough, but afterwards began to
be leflen’d more and more inallits Di-
menfions. And we obferv’d that the
Flame did not, as before, retire it felf by
little and lictle towards the top, but to-
wards the bottom of the Week (from
which yet it didalittle withdraw upwards
jult before it went out) fo that the upper
part of the Week appear’d for a pretty
while manifeftly above the top of the
Flame, which having latted about five
minutes, was fucceeded by a directly af-
cending ftream of Smoak.

Here was takena Wier, which being
bent almoft in the form of a Screw,
conftituted {uch an Inftrument to contein
Coals and leave them every way acceffi-
ble to the Air, asthe tenth Figure de-
clares s the breadthof this Veflel was no
lefs then that it might with eafe be con-
vey’d into the Receiver: And having filld
it to the height of about five Inches with -
throughly kindled ¥V ood-coals, we let
i1t
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it downinto the Glafs 5 and fpeedily cloa
fing it, we caufd the Pumper to ply.
his work, and obferv’d thacupon the ve-
ry firft exfuction of the Air (though per-
haps not becaufe of that onely) the Fire
in the Coals began to grow very dim, and
though the agitation of the Veffel did
make them {wing up and dewn (whichin
the free Air would have retarded the ex-
tintion of the Fire) yet when we could
no longer diicern any rednefs at all inany
of them, cafting our eyes upon a Minute-
Watch we kept by us on this occafiom,we
found that from the beginning of the
Pumping (whichmight be about two mi-
nutes after the Coals had been put in
glowing) to the rotal “dif-appearing of
the Fire, there had paffed but three mi.
putes.

Whereupon, totry the Experimenta
little tarther, we prefently took out the
Coals, in which it feems there had re-
mained fome lictle parcels of Fire, rather
cover'd then totally quench’d : For in the
open Air the Coals beganto bere-kind-
led in feveral places, wherefore having by
{winging them about in the Wier,
throughly lighted them the fecond time,
welet them down againinto the Receiver,

and
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" and clofd it fpeedily as before s and then
waiting till the Fire feém’d totally ex.
tinét without medling with the Pump,we
found that from the time the Veflel was
clofd till that no Fire at all could be per-
ceiv’d there had pafled about four mi-
nutes : Whereby it feem’d to appear that
the drawing away of the ambient Air
made the Firego out fooner then other-
wifeit would have done; though that part
of the Air that we drew out left the more
room for the ftifling fteams of the Coals
to be receivedinto.

Laftly , Having taken out the Wier
and put other Coals into it, we did, in the
{ame Room where the Engine ftood, let it
hang quietly by a ftring in the open Air,
to try how long the Fire would laft with-
out agitation when no Air was kept from
it.  And we found that the Fire began to
go out firft ac the top and out-fides of the
Coals 5 butinwards and near the bottom
the Fire continu’d vifible for above half
an hour, a great part of the Coals, efpe.
cially thofe next the bottom, being burnt
toafhes before the Fire went out,

We cauf’d likewife a piece of Iron to
beforg’d, of the bignefs of a middle fiz’d
Char-coal, and having made it red hot

T~ 7T 777 through-
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throughout , ‘we cauf’d it m the lately
mention’d Wiersto bé fj {peedily convey’d
and thuc up into the h‘cuvex being de-
firous to try what would hpcome of a
glow'ng Body, by reafon ot 1ts texture
mote V'chfmf:mly hoi then a burning
Coal of the fame bg uefs, & yetunliketo
fend forth fuch copious & ftifling Fumes:
DBuat we could not obferve any manifeft
change upon the exfution of the Air.
The Iron beganindeed to lofe jis Fiery
rednefs at the top, but that feem’d to be
becuie it was at the upper end fomewhat
more {lender then at the lower : Thered-
nefs, though it were in the day time, con-
tinued vifible about four mvnutes- and
then, before it did quite dif-appear, we
turn’d the Key of the Stop-cock but
could not difcern any change of the Iron
upon the ruthing in of the Awr. Yet fome
lictle remainders of Wax that ftuck to
the Wier, and were turn’d into Fumes by
the heat of the ne cighboring Iron, feem’d
to afford a more plentxtul, or at leaft 2
much more free expanded {moke when
the Air was fuck’d out, then afterwards 3
though allowance was made for the de-
creafing heat of the Iron. And laftly,
notwithftanding a confiderable exfué’cionf
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of theambient’Air, though not by far {o
great aone as might have been made by
the Engine 5 and notwithftanding the in-
confiderable diffipation of the parts of the
Iron, the furrounding fides of the Recei-
ver were fenfibly, and almoft offenfively
heated by it; infomuch that a pretty while
after the Iron was takenout, the fides of
the Glafs manifeftly retain’d a warmth :
which would not be unfit to be confider’d
by aPerfon at more leafure then Iam
now.

Eing willing to try after this fome-

thing that would not cherifh much
Fire at once, and would keep Fire much
longer thena Coal. We took a piece of
Matich,fuch as Souldiers ufe,of the thick-
nefs of a Mans little Finger, or fomewhat
thicker ; and this ‘being well lighted at
oneend, wasby a ftring fufpended with
that end downwards in the cavity of the
Receiver which was immediately clofd:
Andyet by that time it could well be fo,
the copious Fumes of the Match had neer
fill d and darken’d the Receiver. Where-
tore, left the Veffel thould be endanger’d,
the Pump was nimbly ply’d, anda greag
dea
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deal of Air and Smoke mixt together was
drawn out, whereby the Receiver grow-
ing more clear, wecould difcern the Fire
in the Match to burn more and more lan-
guidly : And notwithftanding that by the
diligence uf’d in Pumping, it feem’d to
have room enough allow’d it to throw
out Fumes ; yet after no long time it
ceal*d from being difcernable either by its
Light or its Smoke. And though by
that we were invited to fuppofe it quite
extinguifhed, yet we continu’d pumping
awhile, inprofecution of ancther Expe-
riment we were trying at the fame time:
And this we did the more willingly be-
caufe of afufpicion the Experiment a-
bout the Coals might eafily {uggeft, and
which the event declar’d not to have been
altogether groundle(s. For upon the
Admiffion of the external Air, the Fire,
that feem’d to have gone out a pretty
while before, did prefently revives; and
being as it were refreth d by the new Air,
and blown by the Wind made by that
Air inruthing in, it began again to fhine
and diffipate the neighboring Fuel into
© Smoke as formerly.

G2 A while
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While after we let down into

the Receiver together with a ligh«
ted piece of Match, a great Bladder well
tyed at the Neck, but very lank, asnot
containing a&ua;ly much (if any thing)a-
bove a Pint of A r, butbeing Capable of
containing ten or twelve times as much.

Our icope in this Experiment was
partly to try whether or no the {moke of
the Macch, 1eplen ifhing the Receiver,
would be able to hinder the Dilztation of
the inward Air, upon the exfuction of the
Ambient. And partly to difcover whe-
ther the extinétion of the Fire in the
Match did proceed from want of Air, or
bately from the preflure of its own
Fumes, which for want of roomto ex-
pand themfelves in, might be fuppof°d
to Recoyl upon the Fire, and fo to
fifleit.

The event of our tryal was, That
at the beginning of our Pumping the
Match appcnd well lighted, though
it had almoft AIl'd the Receiver with
1ts plentitul Fumes: But by degrees it
burnt more and more dimly, notwith-
ftanding that by the nimble drawing
out
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out the Air and Smoke, the Veflel
were made lefs opacous, and lefs full of
compreffing matter ; as appeard by this;
That the longer we pump’d, the leffer
Air and Smoke came out of the Cyin-
der at the opening the Valve, and confe-
quently the lefs came into it befores yet
the Fire in the Match went but {lowly
out, And when afterwards, to {atisfie
our felves of its expiration, we had dar-
ken’d the Room, and in vain endeavored
to difcover any {park of Fire, as we could
not for fome time before by the help of
Candles difcern theleaft rifing of Smoke,
we yet continued pumping {ix or feven
times andafter all that letting in the
Air, the feemingly dead Fire quickly
revived, and manifefted its recovery by
Light and ftore of Smoke, with the
latter of which it quickly began to re-
plenith the Receiver. Then we fell
to pumping atrefh, and continued that
labour fo long till the re-kindled
Match went out again : and thinking
it then fit not to ceafe from Pum-
ping fo foon as before, we found that
inlefs then half a quarter of an hour the
Fire was got out for good and all1

and
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and paft the poflibility of being recover’d
by the re-admitted Air.

Some Circumitances, befides thofe al-
ready mention’d; occurr’d in the making
of the Experiment, of which thefe are
the principal.

Firft, when the Receiver was full of
Smoke, if the Cylinder were emptied,
immediately upon the turning of the
Stop-cock, the Receiver would appear
manifeftly darken’d to his eye thatlook’d
upon the light throughit: and this dark-
nefs was much lefs when the Receiver was
much lefs fill’d with Fumes: It was alfo
inftantaneous,and feem’d to proceed from
a {udden change of place and fcitnation
in the exhalations, upon the vent fud-
denly afforded them and the Air they
were mixt with, out of the Receiverinto
the Cylinder.

The next thing we obferv'd was, a kinde
of Halo that appear'd agood while about
the Fire, and {eem’d to be produced by
the furrounding Exhalations. ‘

And laftly, it isremarkable, That even
when the Fumes feemed moft to reple-
nith the Receiver, they did not fenfibly
hinder the Air included in the Bladder
from dilating it [elfafter the fame man?er
K (for
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(for ought we could difcern) as it would
have otherwife done: So that before the
Fire or the Match was quite extinét, the
Bladder appear’d {well’d at leaft to fix ot
{even times its former capacity.

Since the writing of thefe laft Lines,
we took a {mall Recexvex capable of
containing ( by guefs) about a pound and
a half of Woater 5 and in the midft of it
we {ufpended a lighted Macch,but though
within one minute of anhour (or there-
abouts) from the putting in of the Match,
we had cemented on the Cover, yetwe
could not make fuch hafte,but that before
we began to pump, the Smoke had fo
fill'd chat fmall Receiver, as for ought we
difcern'd, to choke the Fire. And having
again and again reiterared the Experi-
ment, it feem’d ftillas ac firft, that we
could not clofe up the Vefleland pump
outall the Fumes time enough to refcue
the Fire from Extinétion ; whereupon we
made ufe of thus Expedient. Afloonas
we had pump’d once or twice, we {udden-
ly turnd the Key,and thereby gave accels
to the excluded Air, which rafhing vio-
lently in, asifit had been torced thorow
a pair of Bellows, did both drive away
the athes, fill the Glafs wich frefh Air,and
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by blowing the ‘almoft extinguifl’d Fire,
re-kindl’dit, asappear’d by the Marchas
beginning again to {moke,which betoreit
had ceal’d to do; we having by this
means obtain’d a lighte” Match in the
Recerver, without beins i« uc’d to {pend
time toclofe 1t up, commanded the Air
to be immediatly pump’dout, and found
that upon the exiucticn of it, the Match
quickly left {mokeing, as it {feem’d, by
reafon of the abfence of the Airs and
yetif fome urgent occafions had not hin-
der’d us, we would for greater fecuity
have try’d, whethier or no the Match re-
kindled as formerly, would tmoke much
longer. in cafe of noexfuction of the am-

bient Air,

TO try diverfe things at once,
and particularly whether Fire ,
though we found it would not long laft,
might not yet be produced in our eva-
cuated Receiver: We took a Piftol of
about a Foot in length, and having
firmly tyed it to a ftick almoftas long as
the Cavity of the Receiver, we very
carefully prim’d it withwell dry’d Gun-
powder, and then cockingit, we ty’d tt}o
the
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the Tricker one end of 2 firing, ‘whofe
other end was faften’d to the Key former-
ly mention’d to belong tothe Cover of
our Receiver.  This done, we convey’d
the Piftol, together with the annexed
Staff, into the Veflel : which being clofd
up, and empty’d after the ufual man.
ner, we began to turn the Key in the
Cover ; and thereby fhortning the ftring
that reach’d from it to the Piftol, we
pull’d afide the Tricker, and obferv'd,
that according to our expeétation the
force of the Spring of the Lock was
not fenfibly abated by the abfence of
the Air. (trom whofe 7mpetus yet fome
Modern Naturalifts would derive the
caufe of the motion of Reflitution in
folid Bodies) For the Cock falling
with its wonted violence upon the Steel,
ftruck out of it as many and as con{'px—
cuous parts of Fire, as, for ought we
could perceive, it would have done in
the open Air, Repeating this Experi-
ment divers times, we alfo obferved
whether or no there would appear
any confiderable Diverfity in the
Motion of the fhining Sparks in a
place where the remaining Aire was
o muchrarified, but could not perceive
but
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but that they moved fome of them up-
wards, as well as fome of them down-
wards, and fome of them fide-ways, as
they are wont to do, when upon fuch col-
lifions they fly out in the open Air.

We likewife canf*d a piece of Steel to
be madeof the form and bignefs of the
Flint, in whofe place we put it, and then
the Piftol being cock’d and conveyed in-
1o the Receiver, the Trigger was pull’d
after the Awr was drawn out : And though
the place were purpofely fomewhat dar-
ken’d, yet there appear’d not upon the
ftriking of thetwo Steels againft each o-
ther the leaft {park of Fire: Nor did we
expectany (having before in vain attem-
pted to ftrike Fire this way in theopen
Air) though we thought fit to make the
Experiment to undeceive thofe who fan-
cy inrarified Air,I know not what ftrange
difpofition, to take Fire upon a much
ilighter occafion then this Experiment
afforded. We have indeed found, that
by the dextrous Collifion of two har-
den’d pieces of Steel, ftore of f{parks
may be ftruck out:But that was done with
fuch vehement percuffion of the edges of
the two Steels, as could not well be com-
pafi’d in our Receiver, ’

But
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But the chief thing we defign’d to do
with our Piftol, was, To obferve whe-
ther Gun-powder would take Fire in our
empty’d and clofely ftop’d Glafs ? Whe.
ther the expanfion of the Flame would be
confiderably varied by the abfence of fo
much of the ambient Air as was drawn
out of the Receiver? and whether the
Flame would diffufe it felf upward, as itis
wont, notwithftanding its not having a-
bout it the ufual proportion of Air to
forceitup ? Andthough moftof our at-
tempts to fire the Gun-powder in the
Pan of the Piftol {ucceeded not, becaufe
we were fain to let it hang almoft perpen-
dicular in the Receivers whereby the
Powder was fhaken down before the
{parks could reach it : yet once the Ex-
gerimenc fucceeded , and the kindled

owder feem’d to make a more expanded
Flame then it would have done in the
open Air, but mounted upwards accord-
ing to its wont; whether by reafon of that
little portion of Air, which in {pight of
our pumping remained in the Recerver, or
for any other caufe, we have not now the
leifure to confider. But we muft not for-
get,that upon the extin&ion of the Flame
the Receiver appeard darkend with
' ‘ {moke,
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{moke, which leem’d to move freely up
and doy n, and npon the letting inthe Air
at the Stop-cock began to circulate much
fafter then b=fore. Wewonld have made
more obtervations concerning this Flame,
but that of two or three attempts we
afterwards made torepeat the kindling of
Powder, not anv ope f{ucceeded ; and
we have no: thé"ﬁ..nlie to dwell long up-
on one kinde of Tryal

O thefe Experiments concerning Fire

we added another, which,though it fuc-
ceded not, may perhaps without imper-
tinency berecorded : partly becaufe z’mt
fas we have in another Trearile amplyde
clard)it is ufefuil torecite whit Experi-
ments mifcarry aswell as what {27
And pactly alfo becanfe it 1s very po . -2
that what we enceavored in vaine, ., e
performed by Your Lordihip, or fome
other 7irtwofo vhat thall have flancker
Veflells then vie had, and more Sunny
dayes then tie pmfem Winter allows
us.

We convey’d theainio one of our fmall
hecclvexs‘ piece of matter combuftible,
dry and black (experience declaring rhingsg
of
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of that colour to be moft eafily kindled)
& carefully clofing the Veflel we brought
itroa Windowat whxch the Sun,not very
tarre from the Meridian, thone in very free-
ly : then drawing out thc Aire with fpeed
united the Sun-beames with a burning
Glals upon the combuftible macter which
began immediatly to {er:d fortha Smoke
that quickly darkice the Recewver, but
notwithftanding o!i our care and mhgence
the externall Aire gocin fo faft that after
diverfe tryals we were fayne to leave off
the Experiment inthat Glafle and induc’d
to make tryall of it in our great Rea-
celver. _

Haveing then after fome difhiculty
lodg’d the combuftible matter in the ca-
vity of this Veflell in fuch manner as that
it was almofit contiguous to that fide
thereof that was next the Sun, we did en-
deavor with a pretty large burning Glafs
to kindle it, but found ., as we fear’d,
That by reafon of the thicknefs of the
Glafs, (which was alfo of alefls pure and
lefs Diaphanous matter then the o-
ther) the Sun.beams thrown in by the
burning Glafs, were in their paflage
foDiflocared and Scattered (not now to
mention thofe many that being léﬂcd d;
{cot a1d
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{ could not pierce into the cavity of the
Receiver) that we could not poffibly u-
nite enough of them to kindle the matter,
nor o much as to makeit fenfibly {moke. -
Yet we hope that the {eeing whether Bo-
dies (other then Gun-powder) may be
kindled, and what would happen to them
when fet on fire, inaplacein great mea-
fure devoid of Air, may prove {o Lucife-
rousan Experiment, that when the Sea-
fon is more favorable we fhall, God per-
mitting, make further tryal of it, and ac-
quaint Your Lordfhip with the Event, if
it prove profperous. In the mean time
we fhall pafs on to other Experiments,
affoon as we have advertif’d Your Lord-
thip that we have forborn to make fuch
Refle&tions upon the {everal Experiments
we have {et down concerning Fire, as the
matter would have eafily enough afford-
ed, and"Y our Lordfhip may perhaps have
expedted. But I madethe lefs {cruple to
forbear the annexing of Speculations to
thele Recitals, becaufe Carneades & Eleu-
therins havein fome Dialogues concern-
ing Heat 2nd Flame, which were laft year
feen by fome Friends, and may be, when
you pleafe, commanded by You, mené
tion’
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tion’d divers of my Thoughts and Expe«
riments concerning Fire,

VVE defigned to try whether or no £xperi-
divers Magnetical Experiments #¢# 16.
would exhibit any unufual Phenomena,
being made in our Evacuated Receiver
inftead of the open Air : But for want of
Jeifure and conveniency to profecute fuch
Tryals, we were induced to referve the
reft for an other time, and to content our
felves with making that which follows.
We convey'd into the Receiver a little
Pedeftal of Wood, inthe midft of which , ‘
was perpendicularly ere¢ted a flender 1
Iron, upon whofe {harp point an excited E
Needle of Steel purpofely made, and of i
about five Inches long, was fo placed
that hanging in an e£quilibrism it could
move freely towards either hand, Then
the Air being after the ufual manner
pumped out, we apply’d a Load-ftone
moderately vigorous to the out-fide of
of the Glafs, and found that it Astracted
or Repell’d the ends of the Needle, accor-
ding to the Laws Magnetical, without
any remarkable difference from what the
{ame Load-ftone would have done had
none
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none of the Air been drawn away from g«
bout the Needle, which whenthe L oad-
ftone was removed, after fome tremu-
lous Vibrations to and fro, reftedin a po-
fition wherein it look’d North and
South.

Roceed we now to the mention of

that Experiment,. - whereof the f{atif-
factory tryal was the principal Fruit I
promif'd my felf from our Engine. It
being then fufficiently known, that, in
the Experiment De Vacno, the Quicke
filver in the Tube is wont to remain ele-
vated, above the furface of that whereon
it leans, about 27 digits: I confidered,
that, if the true and onely reafon why the
Quick-filver talls no lower, be, that at
thar Alcitude, the Mercurial Cylinder in
the Tube, is an «£quilibrinm with the
Cylinder of Air, fuppofd to reachfrom
the adjacent Mercury to the top of the
Atwmofphere: If this Experiment could
be try’d out of the Atmofphere, the
Quick-filver in the Tube would fall
downto a levell with thatin the Veflel,
fince then there would be no preffure up-

_onthe Subjacent, to refift theweight of

the
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the Incumbent Mercury, - Whence T in-
feurd (as eafily Imighe) that, if the Exs
periment could be tny ‘din our Eugine, the
Quick-fiiver would fubfide below 27 Di-
gits, in proportion to the exfution of
Air, that fhould be made out of the Re-
ceiver.. For; as whenthe Airis{hutin-
to the Receiver; it does (according to
what hath above been taught) continue .
there as ftrongly comprefl’d, as it did
whil’ft all the incumbent Cylmdex of the
Atwmofphere lean’d immediatly upon it 5
becaufe the Glafs, whereinit 1s pentup,
hinders it to deliverit felf, by an expanfi-
on of its parts, from the preflure where-
withic was fhut up.  So, if we could per-
feltly draw the Alr out of the Recewer,
it would conduce as well to our puipole,
as if we were allow’d to try the Experi-
ment beyond the Atmofphere.

Wherefore (after having {urmounted
fome lictle difficulties which occurr’d ae
the beginning) the Experiment was made
after this manner. We took a flender and
very curioufly blown Cylinder of Glafs,
of near three Foor in length, and whofe
bore had in Diameter aquarter of an Inch,
wanting a hairs breadth : This Pipe being
Hermeucally feal’d at one end, waus, ;f
the

4 &
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the other, fill'd with Quick-filver, care
being taken in the filling, that as few
bublesas was poflible fhould beleftin the
Mexcury : Then the Tube being ftopr
with the Finger and inverted, was open'd,
according to the manner of the Experi-
ment, into a fomewhat long and{lender
Cylindrical Box (inftead of which wenow
are wont to ufe a Glafs of the fame for m)
half ili°d with Quick-filver : And {o, the
liquid metal being {uffered to fubfide, and
a piece of Pcpgr being pafted on levell
with its upper {urface, ‘the Boxand Tube
and all were by ftrings carcfully let down
into the Receiver, and then, by means of
the hole formerly mention 'd to be left in
the Cover,the {aid Cover was {lip’t along
as much of the Tube as reach’d above the
top of the Receiver ; And the Interval,
left betwixt the fides of the Hole and
thofe of the Tube, was very exquifitely
fill’d up with melted (but not over hot)
Diachylon; and the round chink, betwixe
the Cover and the Receiver, was likewife
very carefully clot*d up : Upon which clo-
{ure there appear’d not any change in the
hexght of the Mercurial Cy mder- no
1ore, thenif the interpofd Glafs Recei-
ver did not hinder the immediat preflure
of
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of the ambient Atmofphere upon the
inclofed Air; which hereby appears to
bear upon the Mercury, rather by virtue
of its {pring, then ofits weight: fince ics
weight cannot be fuppol*d to amount to
above two or three Ounces, which is in-
confiderable in comparifon of fucha Cy-
linder of Mercury as it would keep from
{ubfiding.

All things being thusin areadinels, the
Sucker was drawn down ; and, immedi-
ately upon the egrefs of a Cylinder of
Air outof the Reccwex the Quick-filver
in the Tube did, accordmg to expectati-
on, fubfide: and notice being carefully
taken (by amark faften’d to the outfide)
of the place where it ftopt, we caufd him
that manag’d the Pump to pump again,
and mark’d how low the Quick-filver fell
at the fecond exfuction; but continuing
this work, we were quickly hindred from
accurately marking the Stages made by
the Mercury in its defcent, becaufe it foon
{unk belowthe top of the Receiver; o
that we could thenceforward mark 1t no
other ways then by theeye.  And thus,
continuing the labor of pumping for a-
bout a quarter of an hour, we found our
felves unable to bring the Quick-filverin

H 2 the
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the Tube totally o fubfides becaufe;
when the Receiver was confider ably em-
pty’dof its Air, and confequently that
lictle that remain’d grown unable to refift
the Irruption of the external , that Air
would (in fpight of whatever we could
do) prefs in at {ome little Avenue or
other 5 and though much could not there-

at get in,yeta litzle was {ufficient to coun-
terballance the preflure of fo {malla Cy-
linder of Quick-filver, as then remain’d
inthe Tube.

Now (o fatisfie our fel ves further,thac
the falling of the Quick-filver in the
Tube to a determinate height, proceeds
from the A£quilibrinm, wherein it is at
that height with the external Air, the one
gravitating,xhe other prefling with equal
force upon the {ubjacent Mercury)we Re-
turned the Key and let 1in fome new Alr s
upon which the Mercury immediatly be-
gan to afcend (or rather to be impell’d up-
wards) in the Tube, and continu’d afcend-
ing, tll having Return'd the Key it im-
mediatly refted at the height which it had
thenattain’d: And {o, by Turning and
Returning the Key, we did feveral times
at plealure impel it upwards, and check its
afcent, And laftly, having given a free
egrels
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egrefs at the Stop-cock to as much of the -
external Airas would come in,the Quick-
filver was impell’d up almoft toits firft
height : I fay almoft, becaufe it ftope
near a quarter of an Inch beneath the Pa-
per mark formerly mention’d ; which we
afcrib’d to this, That there was (as is u-
{ualin this Experiment) fome little Parti-
cles of Airengag’d among thofe of the
Quick-filver ; which Particles, uponthe
defcent of the Quick- filver, did manifeft-
ly rife up in Bubbles towards the top of
the Tube, and by their preflure, as well
as by leflening the Cylinder by as much
room as they formerly took up int, hin-
der’d the Quick-filver from regaining its
firft heighe,

This Experiment was a few days after
repeated in the prefence of thofe excellent
and defervedly Tamous Mathematick
Proteflors, Dv.wallss, Dr.ward, and Mr,
wren, who were pleiled to Honor it with
their Prefence: And whom I name, both
as juftly counting it an Honor to be
known to them,and as being glad of {uch
Judicious and illuftrious Witnefles of our
Experiment ; and ‘twas by their guefs that
the top of the Quick-filver in the Tube
was defin'd to be brought within an Inch

H 3 of
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of -the furface of thatin the Veffel.

And here, for the Illuftration of the
foregoing Experiment, it will not be a-
mifs to mention {ome other particulars
relating to it.

Firft then, When we endeavor'd to
make the Experiment with the Tube
clof’d at one end with Diachylos inftead
of an Hermetical Seals we perceiv’d, that
upon the drawing of {fome of the Air out
of the Receiver, the Mercury did indeed
begin to fall, but continw’d atterwards to
{ubfide,though we did not contipue pum-
ping. Whenceitappear'd, that thcugh
the Diachylon that ftopt the end of the
Tube were {o thick and ftrong, that the
external Air could not prefsic in (zs expe-
rience taught us thatit would have done,
if there had been but little of it) yet the
fubt’ler parts of it were able ( though
{lowly) to infinuate themf{elves through
the very body of the Plaifter, which it
feems wasof foclofea Texture, as that
which we mention’d our {elves to have
{ucce(sfully made ufe of in the Experi-
ment D¢ Pacuo fome yearsago.  Sothat
now we begin to fufpect,that perhaps one
Reafon, why we cannot perfeitly pump
out the Air,may be, that when the Veflel
is
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is almoft empty, fome of the fubtler
parts of the external Air may, by the
preflure of the Atmofphere, be ftrain’d
through the very body of the Diachylon
into the Receiver, Butthisis onely con-
jecture:

Another Circumftance of our Expe«
riment was this, That, if (when the
Quick-filver in the Tube w as fallen low)
too much ingrefs were, atthe hole of the
Stop-cock, 1uuaen1y permitted to the ex-
ternal Alr 5 it would ruth in with that vio»
lence, and bear fo forci bly upon the {ur-
face of the fubjacent Quick-filver, that
it would impel it up into the Tube rudely
enough to endanger the breaking of the
Glafs,

We formerly mention’d, that the
Quick-filver did not in its defcent fall as
much at a time after thetwo or three firft
exfuctions of the Air, as at the beginning:
Yor, having mark’d its {everal Stages up-
on the Tube, wef{ound, that at the firft
{uckit defcended an Inch andZ, and at the
{econd an Inch and ; 5 and when the Vel-
fel was almoft empty’d, it would fcarce ac
one exfution be drawn down above the
breadth of a Barly-corn. And indeed we
found it very difficult to meafure in what

H 4 pro*
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proportion thefe decrements of the Mer-
curial Cylinder did proceed: patly be-
caufe (as we have already intimated) the
Quick filver was {foon drawn below the
top of the Recever 5 and patly becaufe,
upon its defcent at each exfu&ion, it
would immediatly reafcend a littie up-
wards 5 either by reafon of theleaking of
the Veffel at fome lmpercepub ehole or
other, or by realon of the motion of
Re{htutlon in the Air,which, bems{ {fome-
what compreft by the fall as well as weight
of the Quick -fiiver, would repell it alic-
tle upwards,and make it vibrate a litcle up
and down, before they could reduce each
other to fuch an e#guslibrium as both
mightreftin. Butthough we could not
hitherto make obfervations accurate e-
nough concerning the meafures of the
Quick-filver’s delcent, to reduce them in-
to any Hypothefis, yet would we not dif~
courage any from a{thptmOlt fince,if it
could bereduc’d to a certainty, ’tis proba—
ble that the difcovery would not be un-
ufefal. '
And, to illuftrate this matter a lictle
more, we will adde, That we madeaihift
to try the Experiment in one of our above
mention’d fmall Receivers,not containing

ngaxtD
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2Quart . but that (agreeably to what we
formelly obferved)we tound it as difficulc
to brinz this to be quite empty as toeva-

cure the g eater ; the leaft external Air
that coula get in (1nd we could not poffi-
bly keep it all perfectly out) fuflicing in {0
{mall a Veflel to difplay a confiderable
preflure upon the {urface of the Mercury,
and thereby hinder that in the Tube from
falling toalevel withic, Bue this isremark.
able, that having two or three times try’d
the Experiment in that {mall Veflel, upon
the very firft Cylinder of Air that was
drawn out of the Receiver, the Mercury
tell in the Tube 18 Inches and a half, and
at another 1 9 Inches and a half,

But, on this occafion, I holdit not un-
fitto give Your Lordfhip notice that T
hop’d, from the defcent of the Quick-
filver in the Tube uponrthe firft fuck, to
dertve this advantage:that I {hould thence
be enabled to give a near guefs at the pro-
portion of force berwixe the preflire of
the Air (according to its various ftates, as
to Denﬁty and Rmefa&xon) and the gra-
vity of Quick-filver, then hitherto “has
beendone. For in our Experiment there
are diverfe things given, that may be
made ufe of towards fuch a difcovery.

For
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Tor firft we may know the capacity of the
Recetver wherein the Experiment is
made, fince, by filling it with water, we
may eafi ily compute how many Qums,or
Meatures of any other denomination, it
contains of Air; which Air, when ﬂ]ut
up in the Veflel, may be fuppof’d to have
a preflure equal to that ot the Atmo-
{phere; finceitis able to keep the Quick-
filver in the Tube from falling any lower
then it did in the free and open Air, Next
hereis given us the capacity of the brals
Cylinder empty'd by the drawing down
of the Sucker (its bore and hcxg‘m being
mention’d in the defcription of our Pump)
whereby we may come to know how
much of the Aw contain'd in the Recei-
ver is drawn out at the firft fuck. And
we may alfo exfily define, eitherin weight
or cubick mealures the Cylinder of
Quick-filver that anfwers to the Cy-
linder of Air lately mention’d (that
Mercuriall Cylinder being in ocur En-
gine computable by deL“lm from
the entire altitude of that C},an.el of
Quick-filver, the alticude at which it refts
upon the firft ex{u&tion.) But though, if
this Expeximenc were very watchfully
try'din Veflels of feveral fizes, and the
Vdf’"
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various defcents of the Quick-filver com-
par’d among themfelves, °tis not impro-
bable that fome fuch thing as we hop'd for
may thereby be difcover’d. Yet becaunfe
not onely the folid contents of as much
of the Glafs-tube as remains within the
concave furface of the Receiver | and
(which is more difficult) the varying con-
tents of the Veflel containing the Mer-
cury, and of as much of the Mercury it
{elf as is not in the Tube, muft be dedu-
¢ted out of the capacity of the Receiver;
but there muft al{o an allowance be made
for this,that the Cylinder that is empty’d
by the drawing down of the Sucker, and
comes to be fill'd upon the letting of the
Air out of the Receiver into it, 1s not {o
replenifh’d with Air as the Receiver it {elf
at firft was : becaufethere paffes no more
Alr out of the Receiverinto the Cylin-
der, thenisrequifite toreduce the Air in
the cavity of the Cylinder, and in that of
the Recetver to the {faime meafure of dila-
tation : Becaufe of thefe (I {ay)and fome
other difficulties thatrequire more skillin
Mathematicks thenI pretend to,and much
more leafure thenmy prefent occafions
would allow me,I was willing to refer the
nicer confideration of this matter to fomef
of
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of our Learned and Acurate Mathema:
ticians, thinking it enough for me tohave
given the Hint aheady fuggeﬁed

For turther confirmation of what hath
beendelivered, we likewife tryed the Ex-
periment maTube of lefs then two foot
long : and, when there was fo much Air
drawn out of the Veflel, that theremain-
g Air was not able to counterballance
the Mercurial Cylinder, the Quick-filver
in the Tube fubiided fo vifibi ly, that(the
Expamnﬂnbanvnydxnrhe;mdeVéﬁ
fel lately mention’d) at the firft fuck it
fell above a fpan, and was afterwards
drawn lower and lower for a little whiies
and the external Air being let in upon it
impell’d itup vnnnqhnoﬁ u>rhctcpof
the Tube: So little matters it how neavy
or light the Cylinder of Quick filver to
{fubfide is, provided its gravity over-
power the preflure of as much external
Alir as bears upon the furface of that Mer-
cury into whichitis to fall.

Laftly we alfo obferv’d, Thatif (when
the Mercury in the Tube had been drawn
down, and by an Ingre(s permitted to the
external[\u, 1nnpelldtq>agamxto its for-
mer height) there were fome more A
thruft up by thehelp of the Pump m;o

e
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the Receiver,the Quick-filver in the Tube
would afcend much above the wonted
height of 27 digits, and immediatly up-
on the letting out of that Air would fall a-
gain to the heighe it refted at betore.

Y our Lordfhip will here perhaps expe,
thatas thofe who have treated of the Tor-
ricellian Experiment, have for the moft
part maintaind the Aflirmative,or the Ne-
gative of that famous Queftion, Whether
or no that Noble Experiment infera #a-
cunm ? {o Ithould on this occafion inter-
pofe my QOpinion touching that Contro-
verfie, orat leaft declare whether or no, in
our Engine, the exfuction of the Air do
prove the place deferted by the Air fuck’d
out, to betruly empty, that is, devoid of
all Corporeal Subftance.But befides that,
1 have neither the leilure, nor the ability,
to enter into a{olemn Debate of o nicea
Queftion; Your Lordfhip may, if you
think it worth the trouble, in the Dia-
logues not long fince referr’d to, finde the
Difficulties on both fides reprefenteds
which then made me yield but a very wa-
vering aflent to either of the parties con-
tending about the Queftion: Nor dare I
yet take upon me to determine fo difficult
a Controverfie,

’ ' Tor
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Tor on the one fide it appeats,that not=
withftanding the exfuction of the Air, our
Re ceiver may not be deflitute of all Bo-
dies, fince any thing placed in it, may be
feen there; which would not be, if it
were not pervious to thofe Beams of.
Light which rebounding from the feen
Object to our eyes,aftect us with the fenfe
of it: And that either thefe Beams are
Corporeal Emanations from fome lucid
body,or elfe atleaft the light they convey
doth refult from the brisk Motion of fome
fubtle Matter, Icould, it I miftake not,
fufficiently manifeft out of the Dialogues
above-mention’d,if I thought your Lord-
thip could ferioufly imagine that Light .
could be convey'd without,at leaft,having
(it I may fo fpeak) a Body for its Ve-
hicle, ;

- By the f{ixteenth Experiment, it alfo
appears that the clofenefs of our Receiver
hinders it not from admitting the Efflu-
viaof the Load-ftone; which makes it
very probable that it alfo treely admits
the Magnetical fteams of the Earth; con-
cerning which, we have in another Trea-
tife endeavour’d to manifeft that numbers
of them doalways permeate our Air.

But on theother fide it may be faid,

e That
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That as for the {ubtle Matter which makes
the Objeéts enclofed inour evacuated Re-
ceiver, vifible, and the Magnetical Efflu-
viaof the Earth thac may be prefum’d to
pafs thorowit, though we fhould grant
our Veflel not to be quite devoyd of
them, yet we cannot fo reafonably affirm
it to bereplenifh’d with them, aswe may
fuppole, thacif they were gather'd toge-
ther intoone place without Intervals be-
tween them, they would fill but a {mall
part of the whole Receiver. Asinthe
thirteenth‘Experiment, a piece of Match
was inconfiderable for its bulk, whileft its
parts lay clofe together, that afterwards
(when the Fire had fcatter'd them into
fmoke) feem’d toreplenifh all the Veflel.
For (as elfewhere our Experiments have
demonftrated) both Light and the Efflu-
viaof the Load- ftone, may be readily ad-
mitted into a Glafs, Hermetically feal’d,
though before their Adm;ffion, as full of
Air as hollow Bodies here below are wone
tobe, fo that upon the ex{u&ionof the
Air, the large pace deferted by it, may
remain empty, notwithftanding che pre-
tence of thofe fubtle Corpulcles, by
which Lucid and Magnetical Bodies pro-
duce their effects,

T
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And as for the Allegations above
mention’'d, they feem to prove but thag
the Receiver devoy’dof Air, Maybe re-
pkmmd“mhhmemdﬂthﬂthm
as fome Modern Naturalifts write of; but
not that itreally 7 fo. Andindeed to me
it yet {feems, that as to thofe {paces which
the Zacuifls ‘would have to be empty, be-
caule they are manifeftly devoidof Airs
and all groffer Bodies, the Plemiffs (if I
may {o call them) do not prove that {uch
{paces are replenifh’d with fuch a fubtle
Matter as they {peak of, by any fenfible
effects, oroperations of it (of which di-
vers new Tryals purpofely made,have not
yet fhown me any) bar onely conclude
that there muft be fuch a Body, becaufe
there cannot bea Void. And the reafon
why there cannot be a Void, being by
them taken, not from any Experiments,
or Phenomena of Nature, thatclearly and
particularly prove their H)potlzef s, but
trom their notion of a Body, whofe Na-
ture, according to them, confifting one-
ly in extenfion (which indeed feems the
property mott eflential to,becaufeialepa-
rable from a Body) to fay afpacedevoid
of Body, istof{peakin the School-mens
Phrafe, & Contradiction# gdjefo: This
Reafon,
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eafon, "Ifay, being thus defum’d, feeths:
to maké the Controverfie about a #acy-
um, rather aMetaphyfical, thena Phyfio-
logical Queftion; which therefore we fhall
here no longer debate, finding it very dif-
ficult eicher to fatisfie Naturalifts with
this Cartefian Notion of a Body, or to
manifeft wherein it is erroneous, and fub-
ftitutea better in its ftead.

But though we are unwilling to exa-
mine any further the Interences wont to
be made from the Torricellian Experi-
ment, yet we think itnot impertinent to,
pre{ent Your Lordthip: with a couple of
Advertifements concerning it.

Firft, then ifin trying the Experiment
here or elfewhere, youmake ufe of the
Englith meafures “that - Mathematicians
anc Tradelmen are here wont to imploy,
You will, unlefs you be forewarn’d of it,
be apt to fufpet that thole that have writ-
ten of the Experiment have been mifta-
ken, Tor whereas men are wont gene-

rally to talk of the Quick-filver’s remain-
ing fufpended at the heighth of berween
{1x or {even and twenty TInches 5 we coms.
monly obferv'd, when divers years fince
we firft were follicitous about this Expe-

riment, that the Quick-{ilver in the Tube
rfﬂ\,i
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vefted at about 29 Inches & an half above
the {urface of the Reftagnant Quick-filver
inthe Veflel,which did az firft both amaze
and perplex us, becaufe though we held it
not improbable that the difference of the
groffer Englifh Air, and that of Iralyand
.Fmrzce mloht keep the Quick-filver from
falling quite as low in this colder, as in
thofe warmer Climates ; yet we could
not believe that that difference in the Air
fhould alone be able to make fo great aone
in the heights of the Mercurial C ylinderss
and accordingly upon enquiry we found,
that though the various denfity of the
Air benot to be over-loolk’d in this Ex-
periment, yet the main -Reafon why we
found the Cylinder of Mercury to confift
of fo many Inches, was this, That our
Englifh Inches are fomewhat inferior in
lengthto the digits made ufe of in Fo-
rein Parts, by the Writers of the Expe-
riment,
"The next thing I defire Your Lordthip to
take notice of,is, That the heigth of the
Mercurial Cylinder is not wont tobefoiid
- altogether fo great as really it might
prove, byreafonof thenegligence or in.
cogitancy of moit that make the Experi-
ment. For often times upon the opening
of
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of the inverted Tube into the Veflell'd
Mercury, you may obferve a bubble of
Air to afcend from the bottom of the
Tube through the fubfiding Quick-filver
to thetop ; and almoft always you may,
if you look narrowly, take notice of a
multitude of {fmell bubbles all along the -
infide of the Tube betwixt the Quick-
filver & the glafs:(not nowto mention the
Particles of Air that lye'conceal’d n the
very Body of the Mercury ) Many of
which, upon the Quick-filvers forfaking
the upper part of the Tube, dobreakin-
to that deferted {pace where they finde
little or no refiftance to their expanding
of themfelves. Whether this be the rea-
fon that upon the Application of warm
Bodies to the emptyed part of the Tube,
the fubjacent Mercury would be deprefl°d
fomewhat lower, we fhall not determine g
though it feem very probable, efpecially
fince we found that upon the application
of Linnen cloaths dipped in Water, to
the fame partof the Tube, the Quick-
filver would fomewhat afcend, as if the
. cold had condenf:d the Imprifon’d Air,
that prefl’d upon it, into a leffer room.
But that the delerted fpace is not wont to
be totally devoid of Air, we were induc’d
' Ia to
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to think by feveral Circamftances. For
when aneminent Mathematician, and ex-
cellent ‘Experimenter, had taken great
pams and fpent much time in accar atly fil-
lingup a Tube of Mercury, we found
that yet thereremain’d ftore of incon{pi-
cuous bubbles, by inverting the Tube,
letting the QLIIC -filver fall to its wonted
heighth 5 and by anrmchmf’ (by de-
grees)a red hot Iron to the out-fide of the
“I'ube, over againft the upper part of the
Mercurial Cy) Tinder, for hereby the lictle
unhieeded bubbles, being mightily expan-
ded, afcended in {uch numbers, and fo fait
to the deferted {pace, that the upper part
of the Quick-filver {feem’d,to our wonder,
to boyl. We further obicrv’ d, That in
the teyals of the Torricellian L*;perim@nt

e have feen made by others, and (one
excebted) all our own,we never found that
upon the inclining of the Tube the Quick-
filver w uulamll) reach to the very top of
the feal'd end: which argued, that there
was fome Airretreated thither that kept
the Mercury out of the unrepleniflh’d
{pace.
It Your Lordihip thould now demand
what are the beft expedients to 1‘mae' the
intrufion of the Airin this Experiment s

e
vy
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we muft anfwer, That of thofe which are
eafily intelligible without ocular demon-
{tration, we can at prefent fuggeft upon
our own tryals no better then thefe. Firft,
at.the open end of the Tube the Glafs
muft not onely be made as evenat the ed-
ges as you can, but it 1S very conveni-
ent (efpecially If the Tube be large) that
the bottom be every way bent inwards,
that {o the Orifice, not much exceeding a
quarterof an Inchin Diameter, may be
the more eaﬁ]y and exaétly ftopp’d by thé
Experimenter’s finger; between which
and the Quick-{i ilver, that there may be
no Air Intercepted (as very often it hap-
pens' that thereis) itis requifite that the
Tubebe fill'dasfull as poffibly it can be,
that the finger which is to fop It p;eﬂmf’
upon. the accumulated and pxotuoer nt
Mercury, may rather throw down fome,
thennot finde enongh exactly to keep out
theAir. Itisal{o anuleful *mcompen-
dious way not to fill the Tube at firft
quite fal of Mercury,but to leave near the
top about a qnarter of an Inch €mpeys for
it you thenftop the openend with your
finger, and invert the Tube that quarter
of an Inch of Air will afcend in a great
bubble to the top, andin its paﬁwe thi-

3 ther,
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ther, will gather up all the little bubbles;
and unite them with it (elf into one great
one, fothatif by reinverting the Tube
you Jet that bubble return to the open
end of it,you will have a muchclofer Mer-
curial Cylinder then before, and need but
to addea very little Quick-filver more to
fill up the Tube exaétly. And laftly,as for
thofe lefler and inconfpicuous parcels of
Air which cannot this way be gleaned up,
You may endeavor before you invert the
‘Tube, to free the Quick-filver from them
by fhaking the Tube, and gently knock-
ing onthe out-fide of it, afterevery little
parcel of Quick-filver which you pour ins
and afterwards, by forcing the fmall la-
titant bubbles of Air to difclofe them-
felves and break, by imploying ahotIron
in firch manner as we lately mention'd, 1
remember that by carefully filling the .
Tube, though yet it were not quite free
from Air, we have made the Mercurial
Cylinder reachto 30 Inches andabovean
eighth, and this in a very fhort Tube:
whichwe therefore mention, becaufe we
have found, by experience, thatinfhort
Tubesa little Air 1s more prejudicial to
the Experiment then in long ones, where
the Air having more room to expand it

kb = Sl
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felf,does lefs potently prefs upon the fub-
jacent Mercury. ‘

And fince we are fallen upon the confi-
deration of the Altitude of the Mercurial
Cylinder, I'muft not conceal from Y our
Lordfhipan Experiment relating thereun-
to, which perhaps will fec both You and
many of your Friends the #7rt#ofi a think-
ing ; and, by dilclofing fome things a-
bout the Air or Atmofphere that have
{carce hitherto been taken notice of, may
afford you fome hints conducive to a fur-
ther difcovery of the fubject of this E-
piftle,

V E took a Glafs Tube, which, Experi-

though it were not much above ment 18,
three Footlong, we made choice of be-
caufe it was of a more then ordinarily
even thicknefs.  This we fill’"d with Mer-
cury, though not with as much care as we
could, yet with fomewhat more then is
wont to be ufed in making the Torricellian
Experiment. Then, having according to
the manner inverted the Tube,and open’'d
the mouth of it beneath the furface of
{fome other Quick-f{ilver,that in the Tube
fell down to the wonted heigth, leaving,
T a as
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as is ufual, fome little Particles'of Air in
thefpaceit deferred, as we gheft by ob-
ferving, that upon the Applmnon of hot
BOleS to the upper part of the Tube,the
“Quick-fiiver would be a little erreﬂ d.
Laftly, having put both the Tube and the
Veflel it lean’d on into a convenient
“Wooden Frame, to keep them from mif-
chances: we plac’d that Framein'a Win-
dow withinmy Bed-chamber,that I might
both keep the Mercury from bemﬂ ftirrd,
and have opportunity to watch from time
totime the Phenomena it was 10 exhibir,
For the better difcovery of which, when
the Quick-filver both in the Tubeand
fub)“cent Vetlel was perfectly atreft, we
took notice, by a mark made on the out-
fide of the Glafs, how high the included
Liquor then reach'd.

Dui ing feveral Weeks that the Tube
was kepr in that Window (which was very
rarely opcn’d‘ 1 had the opportunity to
obferve, that the Quick -filver did fome-
times faintly imitate the Liquor of a
Weather-glafs ,fubfiding a little in warm,
andrifing a litele in cold W eather, which
we alcribed to the greater or lefler preflure
of thatlittle Air that remain'd at the top
of the Tube, expanded or condenld §3y

e
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the heat or cold that affeCted the ambient
‘Air, Butthat whichI was chiefly careful
to obferve, was this, That oftentimes the
Quick ﬁ\wrmdnﬁﬂmﬁnhnﬁwihbe
and that very notably,withoutconforming
it {elf to whatis ufual in Weather-glaffes,
whofe Air is at the top, nay quite contrary
thereunto: for fometimes Iobferv’dit in
very cold weather({uch as this Winter has
already afforded us good ftore of) to fall
down much lower then at other times,
when by reafon of the abfence of both
Froft,Snow,and fharp Winds,the Air was
comparatively much warmer, And I fur-
ther obferv’d, TTMtﬁnneunuxthe(4uck-
filver would for fome days together reft
almoft at the fame height; and at other
times again it would in the compafs of the
fame day conficerably vary its altitude,
though there appear’d no change either in
the Airabroad,or in the temper of the Air
within the Room (wherein was conltantly
kepta good Fire) nor in any thing elle;to
which either I,or fome eminently Learned
Men whom 1 then acquainted with the
Experiment , could rﬂfo'}ably impute
{uch a change: Efpecially confidering that
the {pace w hereinthe Mer cury wandred up
and down, within about five Weeks, a-

mounted to full two Inches, of which we
found

R NS
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found by our feveral marks whereby we
had taken noticeofits {everalremoves,that
it haddefcédedabout 2 of anInch from the
place where it firft fetled, & the otherInch

~and% it had afcended.  Andit feems pro-

bable that the height of the Mercurial Cy-
linder would have varied yet more, if the
Expertment had been made in the open
Air and inalong Tube, where the Parti-
cles of the Imprifon’d Air, by having
more room to difplay themfelves in,
might not have had fo ftrong a Spring to
work upon the Quick-filver with. But for
want both of time and of a competent
quantity of Mercury (which was not to be
procur’d where we then happen’d to be)
we were unable to make any further try-
als : which therefore chiefly troubled us,
becaufe we would gladly have try’d an in-
genious Experiment which was fuggefted
unto us by that excellent Mathematician
Mr. wren,who being invited to nameany
thing he would have us try touching the
preflure of the Air, defired us to obferve
whether or no the Quick-filverin along
"Tube would not a lictle vary its height ac-
cording to the Tides,e{pecially about the
Newand Full Moon, about which times
Mariners obferve thofe great Flowings
and Ebbs of the Sea, that they call che

&) 7 spring-
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Spring-Tides. For he fagacioufly and
plaufibly conjectur’d that fuch obfervati-
ons accurately made, would difcover the
truth or erroneoufnefs of the Cartefian
Hypothefis concerning the Ebbing and
Flowing of the Sea: which Des Cartes
afcribes to the greater preflure made upon
the Air by the Moon, and the Intercur-
rent Ethereal Subftance at certain times
(ofthe Day, and of the Lunary Moneth)
then at others.. But in regard we found
the Quick-filver in the Tube to moveup
and down {o uncertainly, by reafon,as it
feems, of accidental mutation in the Air s
I fomewhat doubt whether we fhall finde
the Altitude of the Quick-filver to vary
asregularly as the Experiment is ingeni-
oufly propof’d. The {uccels we fhall (God
permitting us to make tryal of it) acquaint
Your Lordfhip with; and in the mean
time take notice, that when we had occa-
fion to take the Tube out of the Frame
(afterit had ftaid there part of November
and part of December ) a good Fire being
then in the room, becaufe it was a Snowy
day, we found the Quick-filver in the
Tube to be above the upper {urface of
the fubjacent Mercury 29 Inches three
quarters.

If
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If Your Lordihip fhould nowask me
what are the true caufes of this,yvarying al-
titude of the Mercurial Cylinder; 1 thould
not undertake to anfwer {o difficulc a que-
ftion, and fhould venter to fay no more,
then that a«nong divers poffible caufes to
which it may be alcribed, it would not be,
perhaps, abfurd to reckon thele that fol-
low

Iuﬁ then we may confider, that the Air
inthe upper part of the, Tube is much
more rarified, and thereforé. more weal
then the external Air, as may appear by
this amongother thmos Thatupon thein-
clining of the Tube Ihe Quick-filver will
1eadlly alcend almoft to the very top ot
it; and fo takenp eight or nine tenth parts,
and perhaps more of that {pace which it
deferted before : which would not happen
if thac whole {pace had been full of unra-
rified Ay, fincethat (as tryal.may eafily
{atisfie }ou) would not have fuffer’d it
{elt to be thruft into o narrow aroom by
fo weaka preffure.  So that although in
our Tube when the included Air was
heated, the Quick-filver was fomewhat
deprefl’d: Yet there is this difference be-
twixt {ucha Tube and common W eAthcp
Glafles, thatin thefe the included and the
ambient



(135)
ambient Alrare in an e£Equilibrium s to
preflure, and the weight of the Water
that keeps them feparate is {carce confi-
derable.  Whereas in {fuch a Tube as we

are {peaking of, the Air within isvery
much moredilated then that without 5 and
‘tis not {o much the {pring or refiftance
of theincluded Alr, as the weight of the
Mercurial Cylinder it felf that hinders the
Quick-filver from afcending higher; for

if wefhould ﬁmpofe that deferted part of

the Tube pertectly devoid of Air, yet:
would the Quick-filver rife but a little
higher init, and be far from filling it, in
regard the outward Air would not be

able to impel up fuch a weight much,

higher : whereas it may, by our tormer
Lxperiments appear, that if all the Airin
the upper part of a Weather-Glals were
away,the Water would be impell’d up to
the very top of it, though the Pipe were
above thirty Foot long.

Wemay next confider, that this ra-
rified Air at the upper p;u‘tof our Tube
being exactly fhut up betwixt the Glals
and the Quick-filver, it was kdla.\.tuo)ut

to ’hl}’dlhcul‘blC alter mon:._, {ave thofe,

itreceiv'd from heat and cold,
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And wemay further confider that yer
the external Air or Atmofphereis {ubject
to many alterations, befides them that
proceed from either of thofe Quali-
ties.

For the Experiment that occafion’d
this Difcourfe, {feemsto make it proba-
ble enough that there may be ftrange
Ebbings and Flowings, as it were, in the
Atmofphere 5 or atleaft, thatit may ad-
mit great and fudden Mutations, either as
toits Altitude or its Denfity,from caufes,
as well unknown to us, as the effets are
unheeded by us. And that You may not
think that there is nothing in Nature but
our Experiment that agrees with this our
conjeture, we might put Your Lordfhip
in minde of the Pains and Aches that are
often complain’d of by thofe that have
had grear Wounds or Bruifes, and that
doe prefage great Mutations in the Air
oftentimes, whilft to ftrong and healthy
Perfons no fign of any {uch thing appears,
And thatis alfo very memorable to this
purpofe, which Iremember I'have fome-
where rezd in 2 Book of the Ingenious
Kircherus whogiving apertinent admoni-
tion concerning the various refractions
that may happen inthe Air, relates, That
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during his ftayin <azalta, he often faw
Mount e£tna,though the next day, not-
withftanding its being extreamly clear,he
could not fee it; adding, that Vintemillins,
avery Learned Perfon, did oftentimes,
from a Hill he names, behold the whole
{fland be calls Luprica protuberant above
the Sea, though at other times, notwith-
ftanding aclear Sky, he could not fee it:
Andthough perhaps this may be in part a-
fcribed to the various light & pofition of
the fun,or to the various difpofition of the
Spectators eye, or peradventure to fome
other caufe ; yet the moft probable caufe
feems to be the differing Denfity of the
Air, occafion'd by Exhalations capable to
increafe the refraction, and confequently
bring Beams to the Eye, which otherwile
would not fallon it.  We have likewife
i another Treatife mention’d our having
often obferv’d with Telefcopes a plenty
ot Steamsin the Air, which wichout {uch
a help would not be taken notice of ; and
which as they were not at all times to be
{een eventhrough a Telelcope, fo they
did {fometimes,efpecially after a thower of
Rain, haflily difappear:- and when we
have vifited thofe places that abound with
Mines , we have feveral times been told

Adsd by
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by the Diggers, that evenwhen the Sky
feemd cleax there would not feldom fud-
denly arife, and fometimes long continue;,
a certain Steam (which they ufually call a
damp) fo grofs and thick, that it ‘would
oftenumes putout their very Candles, if
they did not feafonably prevent it, And
I think it will eafily be granted, that the
afcenfion of fuch Steams inco this or that
part of the Air, and their mixing withirt,
are very like to thickenit s as on the o-
ther fide either heat or the fudden conden-
fation of the Air inanother part of the At-
mofphere (to mention now no other cau-
fes) are capable of rarifying it.

Nor will it very much import the main
{fcope of our Difcourfe , whether it be
fuppof’d that the copicus Steams the
earth fends into the air, thicken that part
of the Atmofphere that receives them,
and make it more heavy: Or that fome-
times the Fumes may afcend with {uch ce-
- lerity, that though the Air be thicken’d
yet they rather diminifh then encreafe its
gravication, inregard that the quicknef(s
of their afcel.t not onely keeps them
from 01avmt'n0 themfelves, bur may
binder the preﬂm0 downwards of ARg

Aérial Corpulcles that they meet with in
theix
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their way upwards.. - This, T fay, is of
no great importance to our prefent Dif*
couxfe, fince either way the Terreftrial
Steam may here and there confiderably
alter the gravity or pretlure of the At-
mofphere,

Your Lordfhip-mayalfo be pleafed to
remember; Thatby our feventeenth Ex-
periment {t appear’d that as when the'Air
in the Receiver was ex panded more then
ordinarily, the Quick-filverin the Tube
did proportionably fubfide ; fo whenthe
Air in the fame Receiver was alittle more
then ordinarily comprefl*d, it did impell
up the Quick-filver in the Tube above
the wonted hexg 1tof betwixt fix and fe-
ven and twenty digits.

And if to thefe things we 4nnex, thac
for ought we can finde by tryals purpofe=
ly nmde the degree of rarity or denfity

of the Axr fhut up into our Receiver, does -

not fenfbly alter its temperature as: o
cold or heat. It will not, I hope, appear
abfurd to conceive, That fince the Alir,
included in the Tu be,could but very faint-
ly hinder the alcent of the Quick:filver,
or prels it downwards,{ince too thacinclu-
ded Air could fcarce immediately: receive
any {enfible alteration,fave either by heat
K or
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oreold. And{ince alfo that according to
the bare denfity or rarity of the Airin-
cumbent on the {ubjacent Quick-filver in
the Veflel, thatin the Tube was impell’d
moéreor lefs high; fuch changes happen-
ing in the neighboring part of the out-
avard Air, either by theafcenfion of grofs
or_topiouns exhalations, or by any other
catife: (of which there may be divers) as
aweiecapable to make confiderablé altera-
tionsinthe confiftence of the Air, asto
R ratityand denfity, may be able pxopox-
1 tionably to alter the heighth of the
Quick-filver: Iratcheray, that fuchalte-
rations may be, then that they are the
caufes of our Phensmenon becaule I think
it fufficient, it I have propofd conje-
i ¢tures not altogether irrational about a
o new Myftery of Nature, touching which,
i the chief thing I pretend to, is to give oc-
cafion to the Curious to inquire “furthe:
g into it then Thave been yet able to do,

Experi- He fame Reafon that mov’'d us to
_A meut 19. conclude, that by the drawing of the
| Air.out of the 1\€L61V€r the Mexcmy
would' defcend ina Tube ﬂ)omu then {1x
and twenty digits, induc’d usalfo toex-
pect,
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pect, that by the fame means Water

10ht be brought to fubfide in Glafs
Tubes of a moderate length, though by
the noble Experiment, (aid to have been
accurately made in France by Monfienr
Pafchal, we are informed that a Tube of
no lefs then about two and thirty Foot,
was found requifite to make the Experi-
ment De Vacuo {ucceed with Water in-
ftead of Quick-filver : fo tall a Cylinder
of that lighter' Liquor, being, it{eems,
requifite to equal the weight of a Mercu-
rial Cylinder of fix or feven and twenty
digits, and {urmount the preflure of the
Artmofphere.

We took then a Tube of Glafs, Her-
metically feal’d at one end, of about four
foot in length, and not very flender : This
at the openend we fill'd with common
Water, and then ftopt that end ull we
had inverted the Tube, and open’d it be-
neath the furface of a quantity of the like
Water, contain’d inafomewhat deep and
flender Veflel. This Veflel, with the
Tubeinit, was let down tnro the Recei-
ver, and the Receiver being clofd up af-
ter the accultom’d manner, the Pump was
fevawork,

K2 As
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Asmuchot the event as concerns our
prefent purpofe, was this, That till a con
fiderable part of the Air was drawn out
of the Receiver, the Tube‘continu'd top-
full of Water as when it was putin, it be.
ing requifite thata great part of the Air
formerly contain’din the Receiver, thould
be drawn out, to bring the remaining
Airto an «Eyuilibrism with {o fhort and
light a Cylinder of Water. DBut when
once the Water began to fall inthe Tube,
then each exfution of Air madeit de-
fcenda lictle lower, thongh nothing near
{o much as the Quick-filver at the begin-
ning didin the Experiment formerly men-
tion'd. Nor did there appear {o much
inequality in the fpaces tran{mitted by
the Water in its defcent, as there did in
thofe obferv'd in the fall of the Quick-
{ilver, of which the caufe will {carce feem
abftrufe to him that fhall duly reflect up-
on what has been already deliver’d. And
whereas we drew down the Quick-{ilver
inthe Tube{o farasto bring it within an
Inch of the furface of the other Quick-
i1lver into which it was to fall ; the loweft
we were able to draw down the Water
was, by our conjecture, to abouta Yoot
or
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or more above the furface of that in the
Veflel; of which I know not whether it
will be needfal to aflign {o obvious acaule
as that, though'the Little Air 1emammg
in the Rece1ve1 could .not hinder a Cylin-
der of above an Inch high of Quick-filver
from fubfiding 5 ver it might very well
be able, by its pxeﬁme to countervail the
weightof a Cyliiderof a Foot long or
more,of a Liquor {o much lefs ponderous
then (Llck filver, -as-Wateris.: ‘Andin
fine, to conclude our Experiment, when
the Water was drawn down thaslow, we
found, that by letting in the outward Air,
it might be immediately impell'd up a-
gainto thehigher partsof the Tube.

We will adde no. more concerning this
Expetiment, faveithat having try’dit in
one of our fmall‘Receivers, we obferv’d,
Thatupon the firft exf{ucion of the Air
the Water did ulually {ubfide divers In-
ches, and at the:{econd (ex{uction) fall
down much lower, fubfiding fometimes
near two Foot 5 as alfo that upon the let-
tinginof the Air from without, the Wa-
ter was impell’d up with very g oreat ce-
lericy.

K3 That
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Hat the Air has'a notable Elaftical

Experi- power (whencefoever that proceeds)

ment 20. we have, Tiuppofe,.abundantly evinc'd,

and it begins to beacknowledg’d by the

eminenteft Modern Naturalifts. But whe-

ther or no there be in Water fo much as

a languid one,feems hitherto to have been

fcarce confider’d, nor has been yet, for

ought I know, determin’d either way by

any Writer, which invited us to make the
following Ex periment.

There was taken agreat Glafs-bubble,
with a long neck 5 (fuchas Chymiftsare
wont to call a Philofophical Egg) which
being fill’d with common Water till the
Liquor reach’d about a {pan above the
bubble, and a piece of Paper being there
pafted on, was put unftop’d into the Re-

‘ ceiver, and then the Airwas fuck’d out
L after the wonted manner. ‘The event was
' this, Thata confiderable part of the Air,
pentup inthe Receiver, was drawn out
before we difcern’d any expanfion of the
Water; but, continuing the labor of
pumping, the Water manifeftly began to
afcend in the ftem of the Glafs, and di-
vers bubbles lcofening themfelves fro;ﬁn
tne
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the lowér patts of the Veflel, made their
way. through the Body of the Water, . t0
the top of it, and there brake into 'the
Receiver: And after the Water once ap»

pear’d to{well, then at each time the Stop-
cock was turn’d to let out the air from the
Receiver into the Pump,the Waterinthe
Neck of the Glafs did fuddenly rife a=
bout-the breadth of a Barly-cornin the
Neck of the Glafs, -and {o attain’d, by
degrees ; to a confiderable height above
the mark formerly miention’d. Andat
length (to make the expanfion of the Wrar
ter more, CVldent) the outward Airwas
iuddenly let in, and the Water immedi-
ately {ubfided and deferted all the fpaceit
had newly gain’d in the Glafs.

And, on this occafion, it will not.per#
haps be amifs to acquaint Your Lordhip
here (though \\e have already mention'd
it in another, P daper, to another purpafe)
with another Expedient that we made ufe
of two orthree years ago, to try whether
orno Water had a opnng init, -Abont
that time then, That Great and Learned
Promoter of PYpexlrnental Philofophy
Dr. wilkins, doing ine the Honor to
come hlmfelf, and bring fome of his in-
quxﬁtwe Friends to _my Lodging , we

K a therc
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there had inreadinefs a round and hollow
Veflel of Pewter, great enough to:con-
taintwo pounds of 'Water, and ‘exactly
clofe every where, but at one little hole
where it was tobe fill'd ; then partly by
fucking out the Air,” and partly.by inject-
ing Water with a Syringe, itwas (not
without fome difficulty) fill’d up to the
top; and that hole being plac’d- directly
upwards, there was alittle more Water
leifurely forc'd in by the Syringe. Upon
which, though the Veflel were permitted
t0 reﬁ,and thehole kept in its former po-
fture, vet the comprefl’d Water leifurely
fwell'dabove the Orifice of the hole; and
divers dropsran overalong the fides of the
Veflel, Atter this,we caufd askilful Pew-
terer:(who had made the Globe) to clofe
itup in our prefencewith Soderfo exqui-
fitely, that none {ufpectedthere was any
thing left init befides Water. Andlafl-
ly, the Veflel thus foder’d up, was wari-
ly.and often ftruck in divers places with a
Wooden Mallet, and thereby was mani-
feltly compxeﬁ"d whereby the inclofed
Water was crouded intolefs room then it
had before: And thereupon when we took
a Needle, and with'itand the Mallet per-
forated the Veflel, and drew out the

' Needle
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Needle again; the Water (but ina very
{lender Stream) was fuddenly thrown af-
teritinto the Air,-tothe height of two
or thre¢ Feet. As for the other Phenome.
na of this Experiment, fince they belong
not to odir prefent purpole, andare pa1tly
mention’d in another of our Papers, . we
fhall, inftead of recording them here; give
this Advertifement : That as evidently
as this Experiment, and that made in our
Receiver, {feem to prove a power inthe
Water to ex pand and: reftore it: felf after
compreflion; yet: for a reafon to'be met
with ere long, I'judgéd it not. fafe toan:
fer that Conclufion from thefe :Premifes,
till L:had made (ome. ofi the following try-
als, to themention.of “luch Lwill there-
Foxem{lcu. S

‘ ‘ MOV 151

YO difcover whether tHe Expanfion Esvperi

of the Water:really proceeded mens214
from an Elaftical: power inthe parts: of
the Water it {elf, wethought it vequifite
totry two things: Theone, Whether or no
the. Atmofphere gravitates upon Bodies
under Water ; and the other, Whether
incafeit do gravirate, the Intumelcence

of the Water may not-beafcribed to f?nt])C I
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febftance fubtler thenit felf, refiding in
it. laorder to the fatisfying my: {elf about
the firft of thefe, I intended tolet down
into.the (Receiver :a Veflel of | Water,
wherein fhould be immerf’d a very fmall
oyl’'d Pladder, almaftdevoid ot Air, but
firongly ty’d up at the Neck with aftring,
anddetain’d a little under Wiater by: fuch
awelghvfaften’d 16 thae ftring, a5 fhould
juft be able to keep the Bladder “from
fwimming, and nomore. ‘For L{uppofid,
thavif ‘whenall things were thus order’d,
the Receiver wereempty’d, -in cafe there
wereany {uch preflureof the Atmotphere
upon Witer , a5 T'was inchin’d to believé,
the Airwithin the Bladder,being upod the
exfuction of the'Air.within the Receiver,
freed from that preflure, and being prefi®d
onely by the fmall weight of the in-
cumbent Water, would confiderably ex-
pand it felf 5 buc:whil't wewere prépa-
ring Bladders for this Experiment, there
occurr’d an eafie-way for the making at

once both the Difcoveries 1defir'd.
‘Wetaok then aGlafs Viol, containing
by ghiefs.a pound-and {fome ounces:of
Water, this we fillld top full, andthen
we putinto the Neck of .ita Glafs Pipe
apretty deal biggerthen a Goofe Quill,
' open
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openat both ends, and of divers Inches
in length: One end of this Pipe was {o
put into the Neck of the Viol, as toteach
a lictle below it, and then was carefully
cemented thereto that no Airmight get
into the Viol, nor no Water get.out of
it, otherwife then through the Pipe; and
then the Pipe being warily fill’d, about
half way upto the ¢ top, with more Wa-
ter, and a mark being pafted over againtt
the upper {urface of the Liquor 5 the = Viol
thus ficted with the Pipe; was, by ftrings
let down into the Receiver, and according
to the wonted manner e*cqu tely clof'd
up init,

This done, webegan to Pump out the
Air, and whena pretry quantity of it had
‘been drawn away, the Water in the Pipe
began to rife higher in the Pipe, at the
fides ot which fome little bubbles difco-
verd themfelves. After a little while
longer, the Water ftill fwelling, there
appear’d at the bottom of the Pipe abub-
ble about the bignefs of a fmall Pea,
which afcending through the Pipe to the
top of the Water, ftaid thete awhile and
then broke; but the Pump being nimbly
ply’d, the expmﬁon of the Water (0 en
creal’ d that quickly, getting up to the

top
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top of the Pipe fome drops of it be-

gan to run down along the out-fide of it,

which oblig’d us to, torbear pumping a-

while; and give the Water leave to {ub-
fide within lefs then two Inches of the
bortom of the Pipe. After: this the
Pump being again{et at work, the bub-
bles began to afcend from the botiom
of the Pipe,being.not all of a fize, but yet
{o big, that eftimating. one with another,
they appear’d to be of the fize of the {mal-
lex fort of Peas ; andiof thefe we reckon’d
about fixty which came up one after ano-
ther,befides ftore of {maller ones,of which
we made no reckoning: And at length ,
growing weary. of reckoning and pumping
too (becaufe we found, :that in {pight
of all our pains and ‘induftry; fomeun--
difcern’d Leak:or other in the: Recei-
ver hinder’d us from being able to empty
i altogether) we thought fit.to defift for
that time.  After tryal made-of what o-
peration the external ‘Air, being let in
upon the expanded Water, would have ;
and accordingly turning the Key to let in
the Air, we {aw, as we expected, that
the Water in the Pipe in a moment fell
dowa almoft to.the bottom of it,

Now
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Now of this Ex periment there are two
or three Circuamftances yet to be men-
tion’d, which are no lefs then thofe alrea-
dy recited, pertinent to our prefent pur-
pofe.

Inthe firft place then, when the great-
er partof the Airhad been pump’d out of
the Receiver, the rifing bubbles afcend-
ed fo very flowly in the Pipe, that their
Progrefs was {carce difcernable; which
{eemi’d to proceed from this, That their
bignets was fuch, That they could not
futficiently extend themfelves in  the
cavity of the Glafs, without prefling
on both hands againft the fides of it,
whereby they became of more difficult
extrufion to the Water. And though it
may feem ftrange thefe bubbles fhould
be of any confiderable bulk, fince °tis
like they confifted of lefler parcels of
the Air lurking inthe Water, then thofe
that were vigorous enough to make their
way thxouuh long before them : yet they
were Lommonly much larger then before,
{ome of them being equal In quantity to
four or five Peas: Whether this their in-
create of bulk proceedcd from the greater
decrement of the prefure of thc Air ,

or
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or from the Union of two or three of
thofe numerous bubbles which were then
generated below the bottom of the Pipe,
where we could not fee what was done a-
rong them.

Another thing we noted in our bubbles
was, That whereas in ordinary ones the
Air, together with the thin film of Water
that invefts and detains, is wont to fwell
above the furface of the Water it {wims
on, and commonly to conftitute Hemif-
pherical Bodies with it, the little parcels
of Airthat came up after the Receiver
was pretty well empty’d, did not make
protuberant bubbles, but fuch whofe up-
per furface was either level with or be-
neath thatof the Water, {o that the up-
per furface being ufually fomewhat con-
vex, the lefs protuberant parts of it had
a pretty quantity of Water remaining a-
bove them,

Wealfo further obferv'd, That where«
as in the bubbles that firft appear'd in
the Pipe, the afcending Air did, asin o-
ther common bubbles, makeits way up.
wards, by dividing the Water through
which ic paff’d, in thofe bubbles that ap-
pear’d at the latter end of our Experi-
ment, when the preffure of thelirtle exi

. rernal
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ternal’ Air, remaining in the Receiver
was grown inconfiderable, the aicending
parcels ot Air having now little more
then the weight of the incumbcnt Warer
to {furmount,were able both {o to expm“
themielves as to fill up thut parc of the
Pipe which they pervaded, & by prefling
every way aganft the fides of it, to iut
upwards with them what Water :they
found above them, without letting any
confiderable quantity glide down along
the fides of the Glafs : So that fometimes
we could fee a bubble thruft on beforeit
awhole Cylinder of Water of perhaps
an Inchhigh, and carry 1t up to thetop
of the Pipe; thoughas we formerly no-
ted, upon tbelettmﬂ in the external Air,
thele tumid bubbles fuddenly relapld to
their former inconfpicuoufnefs.

'All thefe things laid together feem’d
{ufhciently to confirm that, which the
confideration of the thing it felf would
eafily enough perfivade, 1vmely, hat
the Air, and fuch like Bodies being under
Woater, may be prefl’d-upon as well by

the Atmofphere, as by the weight of the
incumbent Water it {elf.

Hence likewife we m: y verifie what we
obferv'd at the clofe of the foregoing

P.\pc-,
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Ex periment, namely, That from the {cle
{welling of Water there recorded, it can-
not be fo fafely concluded that Water,
when freed from compreflion, isendowd
with an Elaftical power of expanding it
felf, fince thereby it appears that the In-
tumefcence produc’d by that Experiment,
may (at leaft in great part) be afcrib’dto
the numerous lictle bubbles which are
woat to be produc’d:in Water , from
which the preflure of the Atmofphere is
in great meafure taken off, Soapt are we
to bemifled,even by Experiments them-
{elves, into Miftakes, when either we con-
{ider not that moft Effeéts may proceed
from various Caufes, or minde onely thofe
Circumftances of our Experiment,which
feem to comply with our preconceiv’d
Hypothefis or Conjectures.

And hence it feems alfo probable, that
in the Pores or invifible little recefles of
Water it {elf there lie commonly inter-
{perfd many parcels of either Air, or at
leaft fomething Analogous thereunto, al-
though fo very {mall that they have not
been hitherto fo much as {ufpeéted to
lurk there.  Bur ifit be demanded how it
appears that there is inter{per{’d througly
the Body of Water any fubftance thinner

N L then
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thenit felf, and why that which producd
the’bubbles above mention’d fhould not
be refolutely faid ro be nothing elfe then
a-more 2&ive and {piricuous part of the
Water, we {hall; in order to the Elucida-
tion of this matter, {ubjoyn to what
was formerly deliver'd the following Ex-
periment,

'\/ E recitedin our nineteenthEx-
¥ periment, how by drawing moft £xperi~
of the Air out of the Receiver, we made 7<% 22
the Water fubfide by degrees ina Glafs
not four Foot long: We thall now adde,
that in the like Experiment made in {uch
a Tube, ora greater, it may be obferv’d,
That when the Water begins to fall,there
will appear ftore of bubbles faften’d all a-
long to the fides of the Glafs ; of which
bubbles, by the agitation of the Veflel
confequent upon pumping, there will arife
good numbers to the top of the Water,
and there break ; and as the Cylinder of
Water is brought to be lower and lower,
{o the bubbles will appear more numerous
in that part of the Tube which the Water
yet fills s and the nearer the furface of the
Water, inits defcent, approsches to thefe
L bubbles,
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bubbles, the greater they will grow, be-
caufe having the lefs weight and preflure
upon them, the Expanfion of that Air
which makes them, can be the lefsrefifted
by the preflure of the incumbent Water
and Alir; as feems probable from hence,
that upon the letting in a lictle external
Air, thofe bubbles nnmedlately fhrink.
It may indeed, as we lately intimated,

be conjetur'd, that thefe bubbles pro-
ceed not fo much from any Air pre-exi-
ftent in the Water, and lurking in the
Pores of it, as from the more fubtle parts
of the Water it {elf; which by the expan-
iion allow’d them upon the diminifh’d
preflure of the ambient Bodies may gene-
rate {uch bubbles. Andindeed, I amnot
yet fo well fatisfied that bubbles may not
(at leaft fometimes) have fuch an Origina-
Ll tion : but that which makes me {ufpect
that thofe in our tryals contain’d real Air
S formerly latitantin the Pores of the Wa-
: ter, 1s this, That upon the inletting of
the external Air, the Water was not
again impell'd to the very top of the
Tube whence it began to fall, but was
ftopt ia its alcent near an Inch beneath
thetop. And fince, it theupper part ot
the Tube had been wzvoyd of any O[khd
then
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then f{ach Echereal matter as was (ubtle
enough freely to penetrate the pores of
the Glafs, the external Air would have
been able to impel the Water to the top
of a Tubefeven or eight times as long as
ours was 5 The Phenomenon under confi=
deration feem’d manifeftly to argue that
the many bubbles that broke at the top
of the Water did contain a real Air,
which, being collected into one place and
hinder’d by the top of the Glafs from re-
ceding, was able to withftand the preflure
of the outward Air. As we fee that if
never {olittle Air remain in the Tube up-
on the making the Experiment De Vacuo
with Quick-filver, no inclining of the
Tube, though along one, will enablea
Man to impel the Mercury up to the very
top, by reafon (as we formerly noted)
of the refiftance of the included Air,which
will not be comprefl’d beyonda certain
degree. !

Butin order to a further Difcovery what
our bubbles were, wewill, on this occa-
{ion, inform Your Lordfhip that we try’d
the XIX Experiment inone of our fmall
Receivers, andfound,chat upon the draw-
ing down of the Water, {o many bubbles
difclofd themfelves and brokeinto the

Lz upper
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upper part of the Tube,that having after-
wards let in the external Air, the VV'itel
was not thereby impell’d to the tap of the
Tube (three Foot inleagth) within alic-
tle more then half an Inch, And whe-
ther or no itwere Air that poffefl’d that
fpace act the top of the Tube which was
not fill’d wich Water,we took this courfe
toexamine, We drew the fecond time
the Airout of the Receiver, and found,
that by reafon of the body that poflef®d
the top of the Tube, we were able not
onely to make the Water in the Tube fall
to.alevel with the {urface of the Water
in the Veflel : But alfo (by plying the
Pump alittle longer) a great way beneath
1t : which finceit could not well be afcrib’d
to the bare {ubfiding of the Water by rea-
{on ofitc own wcwht argued that the Wa-
ter was deprefld by the Air: which was
¢onfinm’d by the Figure of the furface of
the Water In the Tube, which was much
more concave then that of Water in
Tubes of that bignefs ufes to be.  And
this further tyal (to adde that upon
the by) wemade at the fametime, That
when the Water in the Pipe was drawn
down almoft as low as the Water without
it, weobferv’d, that (though we defifted
k from
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from pumping) by the bare application
of ahand moderately warm to the defert-
ed part of the Tube, the remammo Wa-
ter would be fpeedily and notzbly de-
preil’d. . And having for a while held a
kindled Coal to the outfide of the Tube,
(the Pump being ftill unimploy’d,becaufe
the Veffel chanced o hold 3 xtraordinarily
well): the Air was by the heat fo far ex=~
panded, thatit quckw drave the Warter
to the bottom of the Tube, which was
divers Inches beneath the furface of the
ambient Water. Whereby it appears(by
the fame way by which we formerly mea-
fur’d the dilatacion of the Air) that the
Air, even when it is expanded to between
goand 100 times; its extent will yet rea-
dily admitof a much furcher ragifaction
by heat.

I confider’d alfo chat in cafe the Bub-
bles we have been (peaking of, were pro-
duc’d by the parcels of Alrlatitant in the
Water, that Air being now got together
tothetop of the T ube, thuLOh the Air
were again drawn out of the Receiver
the taking oft its preflure would not dif
clofe bubbles as before 5 and accordingly,
the Air being again pump’d out, the Wa-
ter in the Tube defcended as formerly :

L ; but
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but for 2 great while we f{carce faw one
bubble appear, onely when the Receiver
had been very much exhaufted, and the
Water was fallen very low, thereappear’d
near the bottom of the Tube, certain
little bubbles, which feem’d to confift of
{uch parcels of Air as had not, by reafon
of their {malnefs, got up to ’the top of
the Water, with the more bulkie and vi-
gorous ones,  And that which.is not in-
confiderable, is, "That having, by letting
inthe Air, forcd up the Water into the
Tube, we could not perceive that it af-
cended nearer the top, though we per-
mitted the Engine to remain ummploy d
for two or thiee Nights together , and
watch'd whether the Wates would fiwell
upand fillthe Tube. Andon this occa-
fion Iremember, that having try’d fuch an
Experiment as this with Quick-f{ilver in-
ftead of Water, in 2 Tube of abouta Foot
and a half long, wherein it might feem
more hopeful to efcape bubbles; yet up-
on the drawing down the Quick-filver as
low as we could, and letting in the exter-
nal Air upon it, we found that fome lurk-
ing particles of Air were got up to the top
of the Tube, and hinder'd the Quick-
filver from bem° forc’d up again fo high.

: i : An d
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And though the Quick-filver were by
this means brought to appear a very clofe
andlovely Metalline Cylinder, not inter-
rupted by interfper{d bubbles as before 5
yet having cauld the Air to ‘be again
drawnout of the Receiver, I could per-
ceive feveral little bubbles to difclofe
themfelves, falten’d to the infide of the
Tube, near thebottom of it 5 and having
purpofely watch’d one or two of the chiet-
eft, T had the pleafure to obferve, that
though they grew bigger and bigger as
the furface of the Mercurial Cylinder fell
nearer and nearver to them, fo as that at
length they fwell'd into a confpicuous
bulks yet upon the wary letting inthe
Air upon them, they did not break, but
prefently {hrunk upiato a lictlenefs that
render’d them incon{picuous.

Whence it feems very probable, if not
certain, that even in the clofeft and molt
ponderous Liquors, 4nd therefore much
more in Water, there may luck undifcern-
able parcels of Air, capable, upon the
removal of the preflure of the ambient
Air (though but in part) and that of the
Liquor whereinit Jurks, to produce con-
fpicuous bubbles.: -And confequently, if
itfeem inconvenient to admic an Elaftical

r La power
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power in the Water, it may be faid that
the {welling of the comprefl’d Water in
the Pewter Veflel lately mentiond, and
the {pringing up of the Water at the hole
made by the Needle, were not the efteéts
of anyinternal Elater of the Water, but
of thefpring of the many little particles
of Air difper{’d through that Water, and
acting upon it in their fudden recovering
themfelves to a greater extent, then that
to which a violent compreffion had re-
duc’d them.

Butthough, from all chefe particulars,
it feems manifeft that the bubbles we have
been all this while treating of, were pro-
duc'd by fuch a fubftance as may be pro-
perly enough call'd Airy yet till we fhail
have had the opportunity of making
fome further tryals concerning the nature
of the Air, wefhall not refolutely deter-
mine whether or no Air be a Primogenial
Body (it I may fo fpeak) that cannot
now be generated or turn’d either into
Water or any other Body. Yet in the
mean while (becaufe 1t is an important
Queftion, andifrightly determin’d, may
much conduce to the knowledge of the
nature
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nature of the Air) Wethink it not unfit
to makea briet mention of fome of the
particulars which at prefent occur to our
thoughts. in favor of either part of the
k\leﬁxon.

Firft then, divers Naturalifts efteem the
Air (as well as other Elements) to be in-

generable and incorruptible. Andreafons
pJuuﬁble enough may be drawn to coun-
tenance this Oplmon from the confidera-
tion of that permanency that ought to
belong o the corporeal Principles ot 0-
ther Bodies.

Next, Experience may be ple aded to
the fame purpole; for I have read of fome
who have in vain attempted to turn Air
into Water, or VVater into Atr.

The diligent Schortus tells us, That a-
mongft the other rarities to be met with i
in that great Repoﬁtmy of them, the]
M:z/}ez;m Kercherianum, there is a round
Glafs with a tapering Neck near half full
(as one may guefs by the Scheme he an-
neses) of ordinary Spring-water, which
having been Hermetically {hut up there
by Clavius the famous Geometrician,
The included water is to this day pre-
ferv’d, not onely clear and pure, as if
it were but newly put in:But (as it feems)

without
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ithoue (in the leaft) turning inta Air,
notwithftanding -its  having been kept
therethefe fifty years: For he tells us,
"That.the Water hath. continued there all
this while without any diminution.

Nor does it appear in thofe Glaffes,
which for Chymical Experiments we ufu-
ally clofe with Hermes his Seal (as they
callit) thatthe included Air does, during
its long  Imprifonment, notwithftanding
the alteration it receives from various de-
grees of heat, difcernably alter its nature.
Whereas we plainly perceiveinour Dige-
ftions and Diftillations, that though it
may be rarified into invifible Vapors, yet
it is not really chang’d into Air, but onely
divided by heat, and f{catter’d into very
minute parts, which meeting together in
the Alembick or in the Receiver, do pre-
{ently returninto fuch Water as they con-
ftituted before. And we alfo fee, that
ev’n Spirit of Wine, and other {ubtle and
tugitive Spirits, thoughthey eafily fly in-
to the Air, and mingle withit, do yet in
the Glafles of Chymifts eafily lay afide
the difguife of Air, and re{fume the deve-
fted form of Liquors. And fo volatile
Salts,as of Urine,Harts-horn, ¢¢.though
they will readily difperfe themfelves
- through
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through the Air, andplay upand downin
the capacity of an Alembick or a Recei-
ver: yet will they, after awhile, faften
themfelves to the ‘infides of fuch Glaffes
in the form of Salts. FRHL
Befides, fince Air is confefledly. en~
dow’d withan Elaftical power that proba-
bly proceeds from its Texture, itappears
not what 1t isthat in fuch light alterations
of Water, asare by many prefum’d ca-
pableof turning it nto Air, canberea-
fonably fuppol’d fo to contrive the Parti-
cles of Water, asto give them, and that
permanently, the ftruéture requifice toa
Spring. ladde the word, Permanently,
becaufe the newly mention’d obfervations
feem to argue the Corpufcles of Air to
be irreducible into Water, whereas the
Aqueous Particles may perhaps for a
while be' fo vehemently agitated, as to
prefsalmoft like Springs upon other Bo-
dies; yet upon the ceafing of the agitati-
on, they quickly, byrelapfing into Wa-
ter, difclofe themfelves to have been no-
Xing elfe whil'ftchey counterteited the
If
Laftly, The Experiment formerly made
n our Engine with a piece of Match,
{eems to evince, that even thol light and
B - fubtle
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fubtle Fumes (for the moft part not aque-
ous neither) into:which the Fire it elf
fhatters dry Bodies, have no fuch Spring
in them as the Air, fince they were unable
to hinder or reprefs the expanfion of the
Air included in the Bladder they furroun-
ded. ‘

g % I remember indeed that the Learned

ofthern Fofephus Acofta, in his Hiftory of the

dies, Lib.3. e[t Indies, tellsus, That he {aw in thofe

Co. parts fome Grates of Iron forufted and
conftim’d by the Air, that the Metal be-
ing prefi’d between the Fingers, diffolv’d
(to ufe his words) to powder, asif it had

e been Hay or parched Scraw, ‘And I re-

e o member too, that-the accurate Zarenins

1.c 1 tells us, That in the Ilands commonly
called 4zores, the Air (and Wind) is {o
fharp, thatinafhort time it frets not only
IronPlates, but the very Tiles upon the
Roofs of Houfes, and reduces them to
auft, And I have elfewhere mentiond
fome recent Obfervations of this kinde.
But it may befaid, That the above-men-
tion'd Authors aféribe the reciced effects
chiefly to the Winds, and that however
the corrofion of the Iron and the Tiles
may proceed not from the Air it felf, or
any of its genuine parts, but from fome

faline
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faline Corpufcles difper{’d through the
Air, and driven by the Winds againit the
Bodies itis prefum’d to fret. And that
fuch volatile Salts may copioufly afcend
into the Air, and yet retain their Nature,
as doth the more fixt Salt in the Sea Wa-
ter, the fublimations of Sal- Armoniack
may fufhiciently evince.  Nottomention
that I have thown fome Friends-a fecret
kinde of faline Subftance incomparably
{ubtler then Sal- Armoniack , which did
not onely eafily enough afcend it felf, but
carried up with it (and thatin a very great
‘proportion) the folid and ponderous Bo=
dy ev’n of uncalcin’d Gold in the form of
{ubtle exhalations, which did afterwards
faften themfelves to the upper parts of
the Veflels, and yet maniteft themfelves
to continue Gold,  We remember alfo,
that to try whether Water could be turn'd
into Air, we once took an . £olzpile, into
which we had before convey’d fome Wa-
ter, and placing it upon kindled Coals
when the heat forc’d out a vehement
{tream of aqueous Vapors ; we ty’d about
the neck of it, that of a Bladder, which
we had before empty’dof Air; and find-
ing the o£olipile after a while to blow up
the Bladder, we carefully ty’d it again

that
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that the included fubftance might not get
away, - Then {lipping it off from the «£o-
lipilewe convey’d it into our Receiver, to
trywhether or nothat which in part “di-
ftended the ‘Bladder would appear by its
Spring to be true Air : whereby we found
that upon the exfuction of the ambient
Air, theincluded -fubftance expanded it
felf and the Bladder toavery much great-
er bulk then it was of before, And for
further fatisfaction, having again taken
out the Bladder, we fuffer’ dit to remain
ty’d up till next morning, to try whether
time,and the coldnefs of the night, would
make the contain’d fubftance relapfe in-
to Water : But the next Morning we
found it little lefs tumid then before, I
remember, Ifay, that I once made this
Experiment 5 but I might fay inanfwer
to it,’ that the chief realon of my men-
tioning it, is, To let Your Lordthip fee
how 1‘equiﬁte itisto be circumfpect and
confiderate, when we are to make and to
build upon nice Experiments.For though
I may {eem to have ufed fufficient cauti-
on, yet afterward confidering with my
felf that the eAZolipile T had unploy dwas

avery large one,and that it required much
more care then one that has not try’d it
would
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would imagine, to drive out all the Air
fromalarge «£olipile, 1eafily fufpected
that the diftenfion of the Bladder in our
pneumatical Veflel , might proceed not
from the Watery fteams that came outat
the narrow mouth of the e#olipile, and
had very much wetted the Bladder, but
from the rarified Air which in that fore of
Veflels is wont foragood while together
to comeout with the rarified Water: and
accordingly having reiterated the Experi-
ment I found it very difficult (by rea-
fon of the fhrinking of the Bladders (up-
on their being heated) and of other impe-
diments ) to make it fo accurately as to de-
duce from it, that Water may be rarified
into true Air. : 5

Againft the four other above-mention’d
Confiderations, we cannot {pend time to
frame Objections, but muft forth with
proceed ro the mention of thofe things
that feem toargue that Air (at leaft fuch
as produc’d our bubbles)) maybe gene-
rated of Water and other Bodies.

Firft then we have found by Experi-
ence that avapid Air, or Water rarified
into vapor, may atleaft for a while emu-
late the elaftical power of that whichis
generally acknowledg'd ro be true Air.

' Yor




Torif youtakea Oood ALolipile, with 4
moderately ftrong “and flender Neck, 2ud
filling it wich Water, lay it upon quick
CoaJs, you may mer a while obferve {o
great a preflure by fome of the parts con-
tain’din the «£olzpile upon others, that
the Water will fometimes be thrown up
into the Air above three or four Foot
high s and if you then take the « £olipile
almoft red hot from off the Fire, you may
perceive that the Water will for 2 longer
time then one would eafily imagine con-
tinue to be fpouted out in a violent
Stream. Andif there remains but lictle
Water in the o £0/ipile when tis taken ve-
ry- hot from the Fire, immerfing the
Neck of it into cold Water, you will
finde, that after it begins to fuck in {ome
Water, there will be made from time to
time ftore of large bubbles in that Water
whereinto the neck was plunged. Which
bubbles feem manifeftly to proceed from
hence, that for a while theheat in the o #-
olipile continues ftrong enough to rarifie
part of the Water that is fuck’d in, and
expelit inthe form of Vapors through
the Water incumbent on the Pipe. If al-
fo when the e £0lipileis almoft full of wa-

ter, and therefore can contain bur lictle
Air;
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Air 5 youhold a Coal or Brandin that
ftream of Vapors that iflues out of the
narrow mouth ofiit, you will finde this
vapid or rorid Air, (it I may fo call it)
to blow the Fire vely {hont’ y and with a
roaring noife;  And that it be not faid
that *tis.by the cxtcu.al Air which the a-
queous {teams drive before them, and
not by the Steams them/(elves, thatthe
Blaftis made and the Flame excited 5 it
has been obferv'd, that by approaching
the Coul or Brund almoft to the mouth
of the «£Loliptle, the winde appear’d more
vehement then if the Body to be kindled
vere held fome Inches off,

But in regard the elaftical power of the
Stream, iffuing out of an e £olspile, feems
manifelt] y due to the heat that expands
and agitates the aqueous Particles where-
of that Stream confifts, and that fuch
rapid winds {eem to be but water {catter'd
into little parts and fet a moving s fince
we finde, that holding a Knife, or any
{olid, imoom and ciofe Body ag againft the
ftream that iffues out of the z’thpde, the
vapors condenling upon 1t, will prefently
cover it with water: It will be very per-
tinent to fubjoyn a notable Experiment
that I remember I have met within the

M de-
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delcription given us by the Induftrious
Kircher, of feveral Mufical Engines, And
(though it may feem fomewhat prolix)
we will recite what he delivers in his own
words, which are thefe.

;\“;”(’M  Cum codem tempore quo hac [cripfe
& Diffon: [ummi Pont: Innocentit XM mandato or -
lib. 9. gans bydranlici in horto Quirinaliconfti-
P399 tuendi cura mihi commendatra effets Boliam
cameram infigni [anc [uccefu conftruz jufsi-

mus, ed que [equitur ratione.
Erat longitudo five altitudo camera A H
See the fif. S Pedum, Latitudine 3 fere ex lateribus

seenth Fi. Conflruitas in medio duotenebat Diaphrag-

'1 Co

mata CD ¢ EJ in modum cribri pluri-
bus foraminibus pertufa.  Panlo mfm ca-
nalis G agnam adwvehens inferebatur in H
eit&mtpiﬂonium parabat exitum. Aqua
itdaque per canaiem G maximo impet ruens
wel;cmmn[szmzm ventum mox intus excie
tabat 5 qui ventus pimia humiditate imby-
tus, ut purwr exiret [icciord,, Diaphrag-
mam illa in cribri modum perinfa, or dinata
ﬁmt. Intrahsec enim aque vehemens agi-
zatio rupta fractag, acrem puriorem per A
canalem [ubtilioremque emittebat = Verum
rzmzpaﬂed ipventi J‘mwe plus aquo hums-
div interioribus Organé meatibus maximi
detrimentwminferre : Hine nt acr aquofus

ficesfsi-



(173)
frccisimam cofifbentiam acquireret,ordinas
- wimus canalem plumbenm QR in belicem
contortum vafi S aliguantulum capaciori in
modum Urna eformato, infertum.  Intra
urnam enim plumbeam ¢ canalem tortuo-
fum illifus acr humidus, ita ab omni aguofi-
tatedefucabatur, ut ex furno in Organums
derzvatus dici potuerit, Urna S canalss
tortwofus QR wltimum orsficinm Q_infe-
yitur ancmothece organi.  Et hunc moduns
organis hydraulicis omniii aptifsimis reperi.

Debet autem camera illa fitnariin loco
quantum fiers poteft icciord ita ut longo ca-
#ali aqua intra eam derivetur ne locus hy=
miditate [wa Organis officiat,

Thus far the Ingenious K#rcherus,whom
I the rather cite, becaufe although I have
been informed of divers Ventidu&ts (as
they call them) by very knowing Tra-
vellers thathave obferv’d them: Yet this
relation of our Author being very pun-
¢tual, and deliver’d upon his own particu-
lar Experience, has, Iconfefs, made me
with I had had the good fortune when I
was at Rowe, to take notice of thefe Or-
gans ; or that Thad now the opportunity
of examining of fuch an Experiment.
Forif upona ftriét inquiry I fhould find
that the breath that blows the Organs
' M 2 does
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dogs notreally.upon the ceafing of its un-
ufual. QOicacIOn by little and little relapfe
into.water, J4{hould {trongly (uipe& that
"tis poflible for Water to be ealily tarn'd
into Air, ‘I remember indeed , that we
have férmerly taughc that there lurks an
interfperfed Airin the pores of ordinary
Water, whichimay po{ﬁblv be ftruck out
by the) bremmg -of the Water in its fall
anto the Aolian Chamber, (as'he calls it.)
Butinregard the Scheme feers fo repre-~
dent that Chamber as clofely {hut, and
thereby forbids.us to fuppofe that any Air
s carried into 1t but what is latitant in the
Water, it will {carce {feem. probable to
him'who remembers how {mall-a propor-
tion'of | Air, thatappear'dto be whenits
rarification ic.ifcj which was conceal’d 1n
the Water we . freed from bubbles in our
Reéceiver, that fo Little Air as'is common-
1y dx(peu d through Water,. {hould be a-
bie,: info little Water as wis requifice for
fo-fmall arcom, tomake o vehement a

Yindas our Author here tellsusof, I
have fometime therefore futpected, that
mrthis cafe the Wind may be produc'd by
inml;.ut.dts of the waterit felf, forct-
bly expell’d out of the Chamber into the
Organs, And to the Objection toI\\ hich

fore=
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Tfdrefaw this ghefs to be liable, mmely,
That, no heat i intervening,there appear’d
nothmo that fhould raife the Water into
exhalations and give them animpulle. I
- thought it mlo‘lc be {2id that motion a4
lone, it vehement enough, may, with-
out fenfible heat, fuffice to break Warer
into very minute parts,and make them af=
cend upwards, if they can no where elfe
more eafily continue their agitation. Fot
Ivemember, that Travelling betwixt Ly<
ons and Gemewva, Ylaw, not velyf:n out of
the Way , a place where the River of
Rhone coming fuddenly to be ftreighten’d
betwixt two Rocks, fo near each®other;
that 2 Man may (if my Memoryfail’ me
not) ftand aftride upon bothaconce : that
rapid Stream dafhing with great impetuo-
fity againtt its Rod\y BOUI]GHHGQ, does
break : part of its Water into fuch minuté
Corpulcles, and put them into {ucha mo-
tion,that Paflengers oblervear a good di~
ftance off, as it were a Muit avifing from
that plue and aicencing a good way up
into the Air. . Such,. Iizy, was my fuf-
picion touching the Wind ‘we have been
confidering, butxt {eems fomething odde:
that aqueous Vapors fhould llkea dry
- Wind, pafs tnowh fo loncmm rortu-

M 3 ous
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ous a Pipe of Lead, as that defcribd by
our Author, fince we fee inthe Headsof
Stills, and the Necks of e£olipiles, how
quickly {uch vapors are even by avery lit.
tle cold recondenfed into Water. But
to this alfo fomething may be {pecioufly
reply’d s wherefore contenting my felf to
have mention’d our Authors Ex periment
asaplaufible, thoughnot demonftrative
proof, that Water may be tran{mutedin-
to Air. 'We will pafs on to mention in
the third place another Experiment,which
we tryd in order to the fame enquiry.
We took a clear Glafs bubble (capable
of containing by ghefs about three Oun-
ces of Water) with a Neck fomewhat
long and wide, of a Cylindrical form
this we fill'd with Oyl of Vitriol and fair
water, of eachalmoft a like quantity,and
cafting in half a- dozen fmall Iron Nails,
we ftopt the mouth of the Glafs (which
was top-full of Liquor) with a flat piece
of Diapalms provided for the purpofe,
that accommodating it felf to the furface
of the water, the Air might be exqui-
fitely excluded: and {peedily inverting
the Viol, ‘we put the Neck of it into a
{mall wide-mouth’d Glafs that ftood rea-
dy with more of thefame Liquor init, to
re-
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receive it, As foon as the neck had reach’d
the bottom of the Liquor it was dipp’d
into, there appear’d at the upper pait
(which was before the bottom) of the
Viol a bubble, of about the bignefs of
a Pea, which feem’d rather to confift of
{mall and recent bubbles, produc’d by the
action of the diffolving Liquor upon the
Iron, then any parcel of the external Air
that might be fufpected to have gotin
upon the inverfion of the Glafs, efpeci-
ally fince we gave time to thofe lictle
Particlesof Air which were carried down
with the Nails into the Liquor to fly up
again. But whence this firft bubble was
produced, is not {fo material to our E.xpe-
riment, in regard it was {o {mall: For
{oon after we perceivd the bubbles
produced by the action of the < ien-
{lrunm , upon the Metal afcending co-
pioufly to the bubble already named, and
breaking iatoit, didfoon exceedingly in-
creafe it, and by degrees deprefs the wa-
ter lower and lower, till atlength the {ub-
ftance contain’d in thefe bubbles poffefled
the whole cavity of the Glafs Viol, and
almott of its Neck too, reaching much
lower in the Neck then the {urface of the
ambient Liquor, wherewith the open-
mouth'd Glafs was by this means almoft

| M 4 replenifh-
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replenithed. And becaufe it might be
fufpected that the depreflion of the Li-
quor might proceed from the agitation
Whelemto the exhaling and lmpufond
fteams were put, by that heat  which is
wont to refult from that action -of corro-
tivefalts upon Metals, ‘we f{uffered both
the Viol and the open-mouthed Glafs to
remainas they were, in 2 Window, for
three or four d“ys and nights tOULthU but
looking upou them feveral times during
that while, aswell as at the expiration of
it, the whole cavity of the Glafs bubble,
and moft of its Neck, feem’d-to-be pof-
fef'd by Air, fince by its{pring it was a-
ble for {o long to hinder the expell'd and
ﬂmbxelequox from regaining its former
place. Andit \‘vaSle.l}\lblL, that juft
before we took the Glafs bubble out of
the other Glafs , upon the application
of awarm hand to the convex part of the
bllbbl(?, thelmpnf'm d fubftance readily

dilated it felflike Air, and broke through
the Liquorin divers bubbles, fucceeding
one another.

Having alfo another time try°d the like
Experiment with a fmall Viol, and with
Wails diffolvd in Aquafortss, we found
nothing incongruous to what we have

now deliver'd. And this Circumitance
we
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we obferv’d , thac the newly generated
fteams did not onely poflefs almoftall the
whole cavity of the Glafs, but divers
times without the affiftance of the heat of
my hand, broke away in large bubbles
through the ambient Ilquor into the o-
pen Air: So thar thefe Experiments
with corrofive Liquors, {feem’d manifeft-
ly enough to prove, though not that Air
may be Oener"{ted out of the Water, yet
thatin Oenemhn may be gencrated anew,
Lattly, to the foxenomo Arguments
from Experience we mlohtelfly fubjoyn
the Authority of Ariffotle, and of (his
followers) the Schools whoare known to
have taught, that Air and Water being
Symbolizing Elements (in the quality of
moifture) are eafily tranfmutable into one
another.  But we {hall racher to the fore-
going Argument adde this, drawn from
Reafon, That it, as Lewcippus, Democrs-
tus, Epicurns and others, tollow’d by
divers modern Naturaliﬁs, have taught,
the difference of Bodies proceeds but
from the various Magnitudes, Figures,
Motions, and Textures of the {mall
parts they confift of, (all the quali-
ties that make them differ, being de-
ducible trom thence) there appeares
no
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no reafon why the minute parts of Wa-
ter, and other Bodies, may not be {o agi-
tated or connectedas to deferve the name
of Air, For if we allow the Cartefian
Hypothefis, according to which, as we'no-
ted at the beginning of this Letter, the
Air may confift of any terrene or aqueous
Corpulcles, provided they be kept {wim-
ming in the interfluent Celeftial Matter -
it isobvious that Air may be as often ge-
nerated, as Terreftrial Particles minute
enough to be carried up and down, by the
Celeftial Matter alcend into the Atmo-
{phere. Andif we will have the Air to
be a congeries of little flender Springs, it
{eems not impofiible, though it be diffi-
cult, that the {mall parts of divers Bo-
dies may by a lucky concourfe of caufes
be fo connected as to conftitute fuch
little Springs,{ince (as we notein another
Treatile) Water in the Plants it nourifhes
isufually contriv’d into Springy Bodies,
and even the bare alter’d pofitionand con-
nexion of the parts of a Body may {uf-
fice to give it a Spring that it had not be-
fore, as may be {een in a thin and flexible
Plate of Silver; unto which, by {fome
ftroaks of a Hammer, you may give a
Spring, and by onely heating it red hot
you
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you may make it again flexible as be-
fore.

Thefe, My Lord, are fome of the
Confiderations at prefent occurring to
my thoughts, by which it may be made
probable that Air may be generated a-
new. Andthough it be not impoffible
to propofe Objections againft thefe, as
well as againft what has been reprefented
in favor of the contrary Do&rine; yet
having already almoft tys’d my felf, and
I fear more then almoft tyr'd Your Lord-
fhip with fo troublefome an Enquiry af-
ter the Nature of bubbles, I fhall wil-
lingly leave Your Lordfhip to judge of
the Arguments alledged on either fide,
and I fhould {carce have ventur’d to enter-
tain You fo long concerning fuch empty
things as the Bubbles, which have occa-
fion’d all this Difcourfe, but that I am
willing to invite You to take notice with
me of the obfcurity of things, or the dim-
nefs of our created Intellects (which yet
of late too many fo far prefume upon, as
either to Deny or Cenfure the Almighty
and Omnifcient Creator himfelf ) and to
learn hence this Leflon, That there are
very many Things in Nacure that we dif=
dainfully over-look as obvious or defpi-

'y & cable;
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cable; each of w luch would exercife our
underﬁandmcs if not pofe them too;if
we would but attenuvely enough confider
it, and not {uperficially contemplate but
attemnpt fatisfactorily toexplicate the na-
ture of it,

Ince the writing of the twenty one and
7 twenty {econd Experiments (and not-
withftanding all that hath been on their
occafion delivet’d concerning bubbles) we
made fome. further tryals in profecution
of the fame mquu; whereto they were

defigned. .

We chofe then, amongft thofe Glafles
which Chymifts are wont to call Philofo-
phical Eggs; one- that containing. abont
nine Ounces-of Water, hada Neck of
half an Inch in Diameter ac the top, and
as we gheft, almoft an Inch at the bot-
tom s which breadth we pitch’d upon for
areafon thar will by and by appear: then

filling it with common Water to the
helc’ht of about a Foot and a half, fo
that the upper part remain’'d empty, we
fhut it into the Receiver,and watch'd what
would follow wpon pumping, which pro-.
it ved
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ved that a great part of the Air being
drawn out, the bubbles began to difcover
thefifelves at the bottom and fides of the
Glafs ; and increafling, as-the Air was
‘more and more drawn away ;i they did
from ume to time afcend copioufly e-
nough to the top of the Water, and there
qmgkly break : ‘but by realon that the
widenefs of the Glafs allow’d;them free
paflage through the Water, ‘they did not
appear as in the former Experimeats. to
mrakeit fwell : "The Water{carce everri-
fing ac all above the mark affixe to itsup-
per furface when it was put in,” and upon
the return permitted to the .outward Airy:
arid confequently the fhrinking in of the
remaning ‘bubbles, the Water feem'd to.
have loft of its firft extent, by the avo-
lation of the formerly interf{per{’d Air.

‘Deing willing likewife to try Whetbex
dift:lled Water were by having been di-
videdinto minute parts, and then re-uni
ted, more or lels difpofid to expand it
felt then Water not dlﬁxll d: We took
out of our Laboratory fome careful-
ly diftill’d Rain-water , ‘and put about
two ‘Qunces' of. it into a round Glafs

bubble,




bubble with a very {mall Neck (not ex-
ceeding the fixth part of an Inch in Dia-
meter) which we fill'd half way tothe
top, and then convey’d itinto the Recei-
ver; the iflue was, That though we drew
out more then ordinary , yet there ap-
pear’d not the leaft intumefcenceof the
Water, nor ady afcending bubbles.

But fulpecting that either the {mall
quantity of the water or the Figure of the
Veflel might have an intereft in this odde
Phanomenon,we took thelately mention’d
Philofophical Egge, and another not
much differing from it; the former we
fill’d up with diftill'd Rain-water to the
old mark, and into the latter we puta
long Cylinder or Rod of folid Glafs to
fireighten the cavity of the Neck by al-
moft filling it up 5 and then pouring fome
diftilled Water into that alfo, «ill it
reach’d within fome Fingers breadth of
the top, the Eggs were let down into the
Receiver. In this Experiment the Air
was {o far drawn forth before there ap-
pear’d any bubble in either of the Glafles,
that the difparity betwixt this and com-
mon water was manifeft enough, Butac
length, when the Air was almoft quite
pump’d out, the bubbles began to ldirf-
clofe
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clofe them{elves, and to increafe as the
preflure of the Axr in the Receiver de-
creaCd. But whereas in the firft men-
tion’d Philofophical Egge the bubsbles
were very fmall, and never able to fwell
the Water, that we took notice of, at all
above the mark :  In the other, whofe
Neck, aswe lately faid, was ftraightned,
and their paffage obftructed, great num-
bersof them, and bigger, faftned them-
{elves to the lower end of the Glafs ram~
mer (if we may f{o call it) and gather’d in
fuch numbers between that and the fides
of the Neck, that the Water fwell'd a-
bout 2 Fingers breadthabove the mark,

though upon the admitting of the exter-
nal Alr it relapf’d to the former mark, or
rather fell fomewhat below it, And al-
though thereupon in the firft nam’d Vef-
fel all the bubbles prefently dif-appear’d,
yetin the other we obferv’d, that divers
remained faftned to the lower part of the
Glals rammer, and continued there fome-
what to our wonder, for above an hour
after, but contracted in their Dimen-
fions.

Moreover, having {uffered the Glafles
toremdinabove twenty four hours in the
Recetver,
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Receiver, we afterwards repeated the Ex-
periment, to try what change the ex fucti-
onof theexternal Air would producein
the Water, after the internal and latitant
Air had (as is aboverecited) in great mea-
{ure gotawayin bubbles, and whether or
no the Water would by ftanding re-admit
any new particles ‘of Air in the room of
thofe that had forfaken it.” But though
we exhaufted the Receiver very mhoenc—
ly, yetwe fcarce faw a bubble in either
of the Glafles; notwithftanding which,
we perceiv’d the Water to rife about the
breadth of a Barly-corn, ormore, inthe
Neck of that Glafs wherein the {olid Cy-
linder had beenput ; The Liquor in the
other Glafs not {enfibly {welling.

And laftly, upon the letting inof the
Air, the Water in the ftraigh yened Neck
foon {ubfided to the mark above which
it had fwollen, which whether it ought
to be alcrib’d to the {fame {mall expanfion
of the parts of the Water it felf; or to
the rarifaction of {ome yet latitant Alr
brokeninto fuch fmall particles, as to e-
fcape our obfervation, feems not ea ﬂy
determinable, without Tuch furthe: tryals,
as would perhaps prove tedious to te re-
cited as well as to be made 5- though I was
con-=
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content to fet down thofe already men-
tion’d, that it might appear how requi-
fite/it is in nice Experiments to confider
variety of Circumftances.

A Fter having thus difcoverd what ope-
ration the exfuction of the ambient E¥
Airhad upon Water, we thought good "™ 242
to try alfo what changes would hﬂppen in

other Liquors upon the like taking off the
preflureof the external Air, ‘We took

then a Glafs Egge, fomewhat bigger then

a Turkey Egge, Wthh had a long Neck

or Stem of about 2 ;- part of an Inch in
Diameter; and ﬁllmo ic up with Sallet

Oyl until it reach’d above half way to the

topof the Neck, we inclof'dit in the Re-

ceiver together with common Water in

a reiembhng Veflel, that we might the

better compare together the operauon of

the exfuétion of the Air upon thofe two
Liquors, The Pump being fet awork there

began to appear bubbles inthe Oylmuch
fooner then in the Water, and afterwards

they alfo afcended much more copioufly

in the former Liquor then thelatter: Nay,
and when by having quite tired the Pum-
per, and almoft our own patience,
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gaveover , the bubbles rife almoft (if
not altogether) in as great numbers
asever, infomuch as none of the various
Liquors we tryed either before or fince,
feemn’d toabound more with Aerial Parti-
cles then did this Oyl. In whichitwas
further remarkable, that between the time
it was fet into the Receiver, and that at
which we could getready to Pump,it fub-
fided notably (by ghefs about half an
Iach) below the mark it reach’d before it
wasputin.

After this exprefl’d Oyl,we made tryal
of a ciftill’d one, and for that purpofe
made choice of the common Oyl or Spi-
rit (for in the Shops where it is fold, the
fame Liquor is promifcuoufly call'd by ei-
ther npame) of Turpentine ; becaufe twas
onely of thar Chymical Oyl, we had a
fufficient quantity : which, being put in-

o a {mail Glafs bubble with a {lender
Neck, foasto fill it toabout two Inches
tromthe top, did, upon the evacuating
of the Receiver, prefent us. with gredt
{tore of bubbles—, molt of which rifing
from the bottom, expanded themfelves
exceedingly in their afcent,. and made the
Liquorin the Neck to {well {0 much by

degrees, thatarlench it divers times ran

over
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over at the top: by which means, we
were hindred from being able to difcern
upon the letting inof the Air, how much
the fubfidence of the Oyl below the firft
mark was due to therecefs of the bub-
bles.

Having likewife a minde to try whe-
ther as ftrong a folution of Salt of Tartar
in fair Water as could be made (we ha-
ving then no Oy! of Tartar per deliqui-
wm at hand) though it be accounted,
Quick-filver excepted , the heavieft of
Liquors would aftord us any bubbles 5 we
put in a Glafs Egge full of it at the fame
time, withother Liquors, and found that
they didlong yield ftore of bubbles be-
fore any difcovered themfelves in the
Liquor of Tartars and having purfued
the Experiment, itappear’d, Thatof all
the Liquors we made tryal of, this afferd-
ed the feweft and the {malleft Bubbles.

Spirit of Vinager being try’d after the
fame manner, ex hibited a moderate num-
ber of bubbles; but fcarce any thing elfe
worth the mentioning.

Nor could we in red Wine, try’din 8
Glafs Egge, take notice of any thing ve-
ry obfervable. For though upon theex-
fudtion of the Air the bubbles afcended
N 2 it
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in this Liquor, as it were in fholes,
and fhifted places among themfelves in
their afcent; yet the Intumefcence of the
whole bulk of the Liquor was {carceatall
fenfible , the bubbles moft commonly
breaking very foon after their arrival at
the top, where during their ftay, they
compof-d a kinde of fhallow froth, which
alone appear’d higher in the Neck of the
Glafs, then was the Wine when it was
firft let down, Neither yet did Milk,con-
vey’d into our Pneumatical Veflel, pre-
fent us with any thing memorable, fave
that (asic feem’d by reafon ot fome un-
¢tuoufnefs of the Liquor) the bubbles
not eafily breaking at the top, and thruft-
ing up one another made the intumelcence
appear much greater then that of common

\\Tatﬁ'u
We likewife convey’d Hens Eggsinto
the Receiver, but, after the ex(uction of
the Air,took them out whole again. Thar
which invited us to put them in,was, That
(as perhaps we mention in other Papexs)
we had among other Experiments of
cold, made Eoos burft, by freezing them
within doors with Snow and Salc: The
Ice, into which theaqueous parts of the
Egge were turned by the cold, fo diftend-
ing
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ing (probably by reafon of the numerous
bubbles wont to be obfervable in Ice) the
outward parts of the Egge, that it ufually
crack’d the fhell, 1ough the inner Mem-
brane that involvd the feveral Liquors
of the Egge, becaufe it would ftretch
and yield,remain’d unbroken. And here-
uponwe imagin’d that in our Engine it
might appear whether or no there were
any / confiderable Spring, either in any of
the Liquors, or in any other more {piri-
tuous {ubftance included in the Egge.

We took alfo fome Spirit of U.rme,'

carelefly enough deflegmed, and putit in-
to the fame Glafs (in‘t ca1efully fcowrd
and clean{’d) wherein we had put the Oyl-
oliveabove mention’d: We took alfo an-
other Gla(s, differing from a Glafs Egge,
onely in that its botrom was flat,and fill'd
it up to about = of the Neck (whrch wWas
wider then that of the Egge) with rectifi-
ed Spiric of Wine,

Wetook alfo another Glafs Egge, and
having fill’d it with common Water till it
reach’'d to the middle of the Neck, we
pourd to it of the fame Spirit of Wine,
uill it reach’d about an Inch higher.

Thele three Glaffes having marks fet
on them, over againtt the edges of the
con-
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contai’d Liquors were put into the Rg-
ceiver, and that beginning to be evacua-
ted, the bubblesin all the three Liquors
began to appear. The mixtureof the
Spirit of Wine and Water difclof'd a
great ftore of bubbles, efpecially towards
thetop 5 but {carce afforded us any thing
worth remembring. The Spirit of Urine
appear’d to fwell near anInch and an half
above the mark ; and befides that, fent
forth ftore of bubbles, which made a
kinde of froth at the upper part of it. And
above that fpume there appear’d eight or
ten great bubbles one above another, ina
very decent order, each of them conftitu.
ting, asit were, 2 Cylinder of about half
an Inchhigh, and as broad as the internal
cavity of the Neck: So that all the upper
partof the Neck(for thefe bubbles reach’d
tothe top) feem’d to be divided into al-
moft equzal parts, by certain Diaphrag-
mes, confifting of the coats of thebub-
bles, whole edges appear d like {o many
Rings fufpended one above another.

In the Spirit of Wine theredid arife a
great muititude of bubbles, even till
wearinefs did make us give over the Ex-
periment.  And in thefe bubbles two or
thiee things were remarkable; as firft,

- That
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That they afcended with avery notible
celerity: Next, That being arriv’d at the
top, they made no ftay there, and yer,
notwithftanding the great thinne(s and
{rirituouflnefs of the Liquor, did, before
they broke, lift up the upper furface of
it, and for a moment or two form thereof
a thin filmror ‘skin which appear’d protu-
berant above the reft of the f{uperficies
like afmall Hemifphere, Thirdly, That
they alcended ftraight up, whereas thofe
produc'd at the lower part of the Veflel,
containing the mixture of the Water and
Spirit of Wine, afcended with a waver-
ing or wrigling motion, whereby they
detcrib’d.an indented Line. Laftly, It
was obfervablein the Spirit of Wine (and
we took notice of the like in the Oylof
Turpentine lately mention’d) that not
onely the bubbles feem’d torife from cer-
tain determinate places at the bottom of
the Glafs, but that in their a{cenfion they
Kept an .dmoﬁ equal diftance from each
other, and follow’d one auother ina cer-
tain oruex, whereby they feem’d putof
fmall Bracelets, confifting of equally lic-
tlcmcontwuous Beads: thelowe mnd of
each Bracelet, being as it were, faften’d to
a certain po:nt at the bottom of the Glafs.

N 4 The
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The Air being {paringly let into the
Receiver, the great bubbles formerly
mention’d as incumbent upon one ano-
ther, in that Glafs that contain’d the Spi-
rit of Urine , were by orderly degrees

leflen'd, till at length they wholly {ubfi-

ded, notwithftanding the recefs of fo ma-
ny bubbles as broke on the top of the
Spirit of Urine, during all the timeof the
Experiment; yet it {carcely appear’d at all
to be {funk below the mark:{Nor did the
mixture of Spirit of Wine and Water
confiderably fubfide, But that is no-
thing to what we obferv’d in the Spirit
of Wine, for not-onely it confpicuouily
expanded it felf in the Neck of the

~ Veflel that contain’d it, notwithftand-

ing the largenefs of it; and that the
bubbles were about to break at the
top of it almoft affoon as they arriv’d
there: but upon the re-admiffion of
the external Air, the Spirit of Wine
retain’d its newly acquired expanfion.
And though we let it alone for near
an hour together, in expectation that it
might {ubfide; yet when we took it
out, we found it ftill {well’d between a
quarter and half an Inch above the
mark s and although it was not eafily

imagi-
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imaginable how this Phenomenon could
‘proceed from any miftake in trying
the Experiment, yet the ftrangenefle
of it invited me to repeat it with frefh
Spirit of Wine; which, {welling in the
Neck as formerly , I left all Night in
the Receiver, allowing free accefs to the
external Air at the Stop-cock, and the
next day found it ftill expanded as be-
fore, fave that it feem’d a little lower:
which decrement perhaps proceeded from
the avolation of fome of the fugitive
parts of fo volatilea Liquor. And for
better fatisfaction having taken out the
Glafs, and confider’d it in the open Alir,
and ata Window, I could not finde that
there was any remaining Bubbles that
could occafion the perfevering ‘and ad-
mir’d ex panfion.

Eing defirous to difcover what difte-
rence there might be as to gravity and
levity, between Air expanded under Wa-
ter,and it felfe before {uch expanfion;we
took two very fmall Viols, fuch as Chy-
mical Eflences(as they call them)are wont
to be kept in,and of the fize and fhape ex-
prefled by the 8" Figure:into one of thefe
we

Experi-
ment 25.
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we put o much of a icertain ponderous
Mercurial mixture (hapning to'be thenat
hand) that the mouth being ftopt witha
little foft Wax, the Glais would juft {ink
in Water andno more; thiswe let fall to
thebottom'.of a wide-mouth’d Cryftal
Jar, fill'd with about half a pint of com-
mon Water, and into the {fame Veflel we
{unk the other Effence Glafs unftopp’d,
with as much Water in it as was more
then {ufficient to make it fubfide. Both
thele funk with their mouthes downward,
the former being about three quarters full
of Air, the latter containinginita bub-
ble of Air that was gheil’d to be of the
bignefs of half a Pea: This done, the
wide-mouth’d Glafs was let down into
the Receiver, and the way of imploy-
ing the Engine was carefully made ufe
of.

The fuccefs was, That having drawn
out a pretty quantity of Air, the bubbles
began to difclofe themfelves in the Wa-
ter, asinthe former Experiments s and
though for a good while after the bubbles
alcended in fwarms from the lower parts
of the Water, and haftily broke at the
top; yet we profecuted the Experiment
fo long without feeing 2ny eftect wrought

upon
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upon the Effence Bottles, that we began
to difpair of feeing either of them rife, buc
continuing to ply the Pump, that little
Glafs, whofe mouthwas open’d, came to
the top of the Water, being, asit were,
boy'd up thither by a great number of
bubbles that had faftned themfelves to
the fides of it; fwimming thus with the
mouth downward we could eafily per-
ceive that the internal Air above men-
tion’d had much delated it felf, and there-
by feem’d to have contributed to the e-
merging of the Glafs, which remain’d
floating , notwithftanding the breaking
and vanifhing of moft of the contiguous
bubbles : bemo hereby incouraged to per-
fiftin pumping, we obferved with fome
pleafure, that ateach time we turn'd the
Key, the Air in the liztle Glafs did mani-
feftly expand it felf and thruft out the wa-
ter, generally retaining avery protuberant
{urface where it was contiguous tothe re-
maining Water. And when after divers
exluctions of the Air in the Receiver,
that in the little Viol fo dilated ic felf as
toexpel almoft all the Water, it turn’d
up its mouth towards the {urface of the
Water in the Jar; and there deliverd a
large bubble, and then relapfed into its

for-




former floating pofture : And this Expe-
riment taught us, among other things,
thacit was a work of more time and la-
bor then we imagin’d, to exhauft our En-
ine as muchas it may be exhaufted: for
although before the emerging of the fmall
Viol, wedid (as has been touch’d alrea-
dy) think we had very confiderably em-
ptyed the Receiver, becaufe there feem’d
to come out but very little or almoft
no fenfible Air at each exfu&ion into
and out of the Cylinder; yer after-
wards, at each drawing down the Suc-
ker, the Air included in the Viol did
mamfeﬁly dilate e felf, fo long, that
it did no lefs then nine times turn its
mouth upwards, and difcharge a bub-
ble by conjecture about the bignefs of
a Pea, after the manner newly recited .
But as for that Violl which had the
weight in it, it rofe not at all, So
that being not able by quick pumping
to gain another bubble from the Air
in the {wimming Glals, which proceed-
ed from fome fmallleak in the Veffel,
though it heldin this Experiment more
franch then was ufua , we thought fit
to let in leafurely the Air from with-
out , upon whofe admiflion that with-
in
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in the Viol fhrinking into a very nars
row compafs, the Gla(s did, as we expe-
&ed ; fall down to the bottom of the
Jar. ; -
But being defirous before we proceed-
ed to any new Experiment, totry once .
more whether the little Glafs that had
the weighe init might not alfo be raif’d.
After we had fuffer’d the Engine to re-
main cloCd as it was, for five or fix
hours, the Pump was again ply’d with
fo much obftinacy , that not onely a-
bout the upper part of the Jar there ap-
peard a good number of bubbles (but
very much {maller then thofe we faw
the firft time) but afterwards there
came from the bottom of the Jar, bub-
bles about the bignefs of {mal Peas:which
the Pump being ftill kept going, fol-
low’d one another,to the number of forty,
coming from the ftopp’d Violl; wholfe
mouth, it feems, had not been fhut {o
ftrongly and clofely , but that theincluded
Air,dilating it {elf by its own {pring,made
it felffomelittle paflage betwixt the Wall
- and the Glafs, and got away in thefe bub-
bles; after which, the unftopp’d Glafs be-
ganto float again, the Air fhut up in ic

' being
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being manifeftly {o dilated as to expel
good part of the Water, but not fo much
as to break quitethorow. And atlength,
when our expetation of it was almott ti-
red out, theheavier of the two Viols be-
ganto come aloft, and immediately to
{ubfide again, which appear’d to be oc-
cafion’d by the Air within it, whofe bulk
and {pring being weaken’d by the rece(s
of the forty bubbles before-mention’d, it
was. no longer able, as formerly, to break
forcibly through the incumbent Water 5
but forming a bubble at the mouth of the
Glafs, boyed it up towards the top, and
there getting away, left it to fink again
till the preflure of the Air inthe Recei-
ver being further taken off, -the Air in the
Viol was permitted to expand it {elf fur-
ther, and to create another bubble, by
which it was again for awhile carried up,
And it wasremarkable, that thoughafter
hazing emptyed the Receiver as far as
well we could, we cea’d from pumpings
yet the Veflel continuing more ftanch
then it was wont, this alcent and fall of
the Viol was repeated to the ninth times
the included Air, by reafon of the fmal-
nels of the vent at which it mut pals out,
being not able to get away otherwifelt_heln

ittle
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little by little; and conlequently,in divers
fuch, parcels as were able to conftitute
bubbles, each of them big enough to
raife the Viol and keep it aloft until the
avolation of that bubble.  Whereby it
may appear, that the grand rule in Hy-
droftaticks, That a Body will fwim in the
Water, in cafe it be lighter then as much
of that Water that equals it in bulk, will
hold likewife when the preflure of the At. -
mofphereisinvery grear meafure, if not
when it is totally taken off from the Li-
nuor and the Body : though it were worth
inquiring what it is that fo plentitully
concurs to fill the bubbles made in our
Experiment by the fo much expanded
Adir, forto fay with the old Peripatetick
Schools, That the Air, in Rarefaction,
may acquire;a new extent, without the
admiffion of; any new fubftance , would
be an account of the Phesomenon very
much out of dare, and which, 1 {uppofe,
our Modern Naturalilts would neither
give,nor acquiefs in.

I know not whether it may be reqm{' te
toadde,, that in this Experiment, asin
the forme r, ithe outward Air being let in
did foon precipitate the floating onl But
dthink it will not be amifs to note, thac

(con-
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(congruoufly to what hath beenabove
recorded of the vaft expanfion of the Alir)

the Water which'in the heavier Viol fuc-
ceeded in the room of thofe forty odde, if
noz fifty great bubbles of Air, whichat
feveral times got outof it, amounted but
to avery inconfiderable bignefs,

T having been obferv’d by thofe that
have confiderd what belongs to Pendr~
lums (a Speculation that may, in my
poor judgement, be highly ufeful to the
Naturalifts) that their Vibrations are
more {lowly made, and that their moti-
on lafts lefs in athicker, thenin a thinner
Medium: We thought it not amils to
tryif a Pendulum would {wing fafter, or
contizue {winging longer in our Receiver,
in cafe of the ex{uction of the Air, then
otherwife. - Wherefore wetook acouple
of round and polith’d Pendulums of Iron
or Steel, of equal bignefs, as near as we
could get the Artificer to make them, and
weighing each of them twenty Dragmes,
wantingasmany Grains. ~ One of thefe
we fufpendedin the cavity of the Recei-
ver by a very flender filken ftring, of a-
bout feven Inches and a half in length
! e from




(203)
* from the cover of the Receiver to which.
it was faften’d, . ‘Then (by inclining the
Fnﬂme) we made the Pendulum {wing too
and.froin it, and defcrib’d asiong Arches
asin the capacity of {o brittle a Veflel we
thought {afe and convenient. . Aond one of
the Affiftants telling the recarfions of the,
other Pendulnm hanging in the free Air,
by a ftring of about the {ame length,. we
fharten’d :md lcm’thm d this othel I’en-
dulum, till it -appear'd to keep the fame
paceinits Vibrations, with that fhut upin
the Receiver. -Then having carefully
drawn away, the Alir; we did again fet the
Pepdulume in the Recelver a Vlbldtm‘T'
and giving the other Pendulum {ucha mo-
tion as made'it defcribe an Arch, accord-
ing to ones ghels, equal to that of the in.
cluded Pendulum 3 we reckon’d, one of
us,the Recurfions of that Pendulrm which
was - {winging within the Receiver; and
another of us that which was. moving in
(that which one would think a much more
refifting medinm ) the Air. But once, one
of .us reckon’d near two and twenty Re.
curfionsof theincluded Pendplnm, whillt
the other reckon’d but twenty of the Pes-
dulum that vibrated without. Andan-
other time alfo, the former of thefe Pen-
) Aula




(204)
dnla was reckon’d to have made one and

twenty Recurfions, wherein the other -
made but twenty : Yet this Experiment

{feem’d to teach us little, fave that the dif-

terence betwixt the motion of fuch a Pes-

dulum in the common Air, and in one ex-

ceedingly rarified, is fcarce fenfible in

Veflels no bigger then our Receiver; e-

fpecially fince' though during this Expe-

viment it held very well, yet we could

not fuppofeit to be altogether devoid of
Air.  Weobferv'd alfo, that when the

Receiver was full of Air, the included

Pendulum continu’d its Recurfions about

fifteen minutes (or a quarcer of an hour)

before it left off {winging ; and that after
the exfutionof the Air, the Vibration

of the fame Pendulum (being frefh putin-

to motion) appear'd not (by a minutes

Watch) to laft fenfibly longer.  So that

the event of this Ex periment being other

then we expected, {carce afforded us any

other fatisfaction, then that of our not

having omitted totry it.  And whether

in cafe thetryal be made with a Peadslum

much lefs difproportionate to the Air then

Steel 1s, the event will much bettes an-

fiver expectation, experience may be con.

fulted.

Thae



(205)

Hat the Airis the medium whereby

founds are convey'd to the Ear, has Experi-

been for many Ages, and is yet the com-mcns 27+
mon Doctrineof the Schools. But this
Received Opinion has been of late op-
pof’d by fome Philofophers upon the ac-
count of an Experiment made by the
Induftrious Kircher, and other Learned
Men, who have (as they aflure us) ob-
{ferv’d, Thatif a Bell, with a Steel Clap-
per, be {o faften’d to the infide of a Tube,
that upon the making the Experiment De
Vacuo with that Tube, the Bell remaind
{fufpended ip the deferted {paceat the up-
per end of *the Tube: And if alfo a vi-
gorous Lozd- ftone be apply’d on the out-
{fide of the Tube to the Bell, it will at-
tract the Clapper, which upon'the Remo-
val of the Load-ftone falling back, will
ftrike againft the oppofite fide of the
Bell, and thereby produce a very audible
found; whence divers have concluded,
That 'tis not the Atr, but fome more {ub-
tle Body that is the medium of founds.
But becaule we conceiv’d that, to invali-
date fuch a confequence from this ingeni-
ous Experiment (though the moft lucite-
02 rouy
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rous, that could well be made without
{ome {uch, Engine as ours) fome things
might be {pecioufly enough all eadg’d; we
thmloht fit to make.a uyal or two, in or-
der to the Difcovery of what the Air does
m conveying of founds, referving divers

other h\penments trvable in our Enginé
concerning {ounds, till we can obtain more
lealure to plofecute them. Conceiving it
then the beft wayto make our tryal with
fuchanoifeas. mwht not beloud enough
to make it difficult to difcern flighter va-
riations in it, but rather might be, both
lafting,that we might take notice by what
1e°recs it decrea’d 5 and fo {mall, that
it could not grow much weaker with-
out becoming nmpcueptwle. Wetook
a Watch, whofe Cafe we open’d, that
the contain’d JAir might have free egrefs
into that of the Receiver; And this Watch
was {ufpended in the cavity of the Veflel
onely by a Pack-thred, as the unlikelieft
thing to convey a found to the top of the
x{uuva And then clofing up the Vel-
tel with melted Plaifter, we liften d near
the fides ot xt, and plainly enough heard
the noife made by the ballance. Thofe al-
{oof us, r,hat watch’d for that Cncum-
{ftance, obferv’d, that the noife feem’d to
come
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tome dire&ly in a ftraight Line from thé
W atchunto the Ear. And it was obferva-
ble to this purpofe, that we found a2 manj-
feft difparity of noife,by holding our Ears
near thefides of the Receiver,and near'the
Coverof it: which difterence (éem’d to
proceed from thatof the Texture of the
Glafs, trom the ftructure of the cover(and
of the Cement) thyough which the found
was propagated from the Watch to thé
Ear. But let us profecute our Experiment.
The Pump after this being imployd, it
{eemd that from time o time the {ound
grew fainter and faipter ; fo that when the
Rec iver was empty’d as much as it u{*d
to be for the foregoing Experiments, nei-
ther we, hor fome ftrangers that chanc’d
to be then in the room,could, by appl ymfJ
our Ears to the very fi des, hear any noile
from within 5 though we could eafily per-
ceive that by the moving of. the hand
which mack’d the fecond minutes, and by
that of the ballance, that the Watchnet-
ther ftood ftil;nor remarkably varied from
its wonted motion.  And to fatisfie our
{elvs turther thacic was indeed the ablence
of the Air about the Watch that hinder d
us from hearing’ic, ‘we let in the external
Aliraz the Stop-cock,and then though we

Oz torn'd
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turn'd the Key and ftopt the Valve,yet we
could plainly hear the noife made by the
ballance, though we held our Ears fome-
times at two Foot diftance from the out-
fide of the Receiver. And this Experi-
ment being reiterated in another place,
fucceded after the like manner, Which
feems to prove, that whether or no the
Air be the onely, itis at leaft, the princi.
pal medium of Sounds. And by the way
itis very well worth noting, that ina Vel-
fel fo well clofd as our Receiver, {o weak
a pulle as that of the ballance of a Watch
{hould propagate amotion tothe Earina
PhdbaﬂyfhamhtIAnq notwithftanding
the  interpofition of {o clofe a Body as
Glafs, efpecially Glafs of fucht thicknefs
as thatof our Receiver; fince by thisit
feems that the air imprifon’d in the Glals,
muft, by the motion of the ballance, be
rnadeto beat againft the concave part of
the Receiver, ﬁrongly enough to make
itsconvex part beat upon the contiguous
Air, and fo propagate the motion to the
Liftners ears, I know this cannot but
feem ftrange to thofe, who, with an emi-
nent Modern Philofopher, will not allow
that 2 Sound, made in the cavity of a
Room, or other place {o ¢lofd, that there

; s
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is no intercourfe betwixt the éxternal and
internal Air, can be heard by thofe with-
out, unle(s the founding Body do imme-
diately ftrike againft fome part of the in-
clofing Body. But nothaving now time
to handle Controverfies, we fhall onely
~annex, Thatafter the foregoing Ex peri.
ment,we took a Dell of about two Inches
in Diameter at the bottom, which was
{upported in the midft of the cavity of
the Receiver by a bent ftick, which by
reafon of its Spring prefl'd with its two
ends againft the oppolite parts of the in-
fide of theVeflel : inwhich, when 1t was
clold up, we obferv’d that the Bellfeem’d
to found more dead then it did when juft
beforeit founded in the open Air.  And
yet, whenatterwards we had as formerly
emptyed the Receiver, we could not dif-
cern any confiderable chgnge (for fome
faid they obferv'd afmall one)in the loud-
nels of the found, whereby itfeem'd that
though the Air be the principal medium
of found, yeteither a more {ubtle mat-
ter may be al{o a medium of i, orelfean
ambient Body that contains but very
few particles of Air, in comparifon of
thofe itis eafily capable of, is fufficient
for that purpofe. And this, among o-

O34 ther




‘ther things, invited us'to confider,whetrer

intheabove-mention’d Experiment made

with the Bell and the Load-ftone,: there

mightnot in the deferted part of the Tube

remezin Air enough to produce a found:

fince the Tubes for the Experiment De

Vacwo ' (not to mention the ufual thin-
nefs of the Glafs) being feldom made

greater then is requifite, alittle Air might

bear a not inconfiderable proportion o

the deferted {pace.  And that alfo, in the

Experiment De Facro, as it is Wont to be

made, thereis generally fome little Air

that gets in from without,or at leaft ftore

of bubbles that arife from the Body of
the Quick-filver, or other Liquor it felf,

Obfervations heedfully made have fre-

quently iformed us: And it may alfo

appear, by what has been formerly deli-

vered concerning the Torriccllian Experi-

ment.

On the occalion of this Experiment
concerning founds, we may adde in’this
place, That whenwetry d the Experiment
formerly mention’d, of firing Gun.pow-
der with a Piftolin our evacuated Recei-
ver, the noife made by the ftriking of the
Tlint againft the Steel, was exceeding
Janguid in comparifon of what it: wguld

ave




(2x1)
have been in the open Air, - And-on.idi-
» vers other occafions it appear’d that the
{ounds -created within our exhaufted
Glafs, 1f they werenot loft before they
reach’d the Ear, feem’d- atleaft to arrive
there very much weaken’ d. Weintended
to try whether or no the Wire-ftring of an
Inftrument fhut up into our REC&!VGI‘
would, whentheambient Air was (uck d
out,at all tremble,if inanother Inftrument
held clofe toit, but without the Receiver
aftring tun’d (as Muficians {peak, how
properly I now examine notjto an Unifon
with it, were briskly toucht, and {et a Vi-
brating.  This, Ifay, we purpofd to try
to fee how the motion made in' the Air
without,would be propagated throughthe
cavity of our evacuated Receiver. . But
when the Inftrument wherewith the tryal
was to be made came to be imploy’d, it
prov'd too big to go into the Pneumatical
Veflel, and we have not now the conveni-
ency to have a ficter made,

Wethought likewife to convey into
the Receiver a long and flender pair of
Bellows, made aftet the fathion of thofe
ufually employ 'dto blow.Organs;and fur.
nifl'd with a {mall Mufical inftead of ;x

ordi-
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ordinary Pipe. Forwe hop’d, that by

means of a ftring faftned to the upper .
-part of the Bellows, and to the moveable
ftopple that makes a part of the Cover
of our Receiver,” we fhould, by frequent-
ly turning round that ftopple, and the an-
nexed ftring, after the manner already
often recited, be able to lift up and diftend
the Bellows ; and by the helpof acom-
petent weight faften’d to the fame upper
partof the Bellows, we fhould likewife
be able, at pleafure, tocomprefs them :
and by confequence, try whether that
{ubtler macter then Air (which, accord-
ing to thofe that deny a #aeunm, muft be
fuppof’d to fill the exhaufted Receiver)
would be able to produce a found in the
Mafical Pipe; or in a Pipe like that of or-
dinary Bellows, to beget a Wind capable
toturnor fet amoving fome very light

matter, either fhap’d like the Sails of a
Wind-Mill, or of {ome other conveni-
ent form, and expof'd toits Orifice. This
Experiment, If{ay, we thought to make,
but have por yet actually made it tor want
of an Artificer to make us fuch a pair of
Bellows as it requires.

We had thoughts alfo of trying whe-

ther or no, as Sounds made by Bodiesin
our
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our Receiver become: much more languid
then ordinary, by reafon of the want of
Air, fo they would grow ftronger, in cafe
there were an unufual quantity of Air
crguded and fhue up in the fame Veflel,
which may be done (though not without-
fome difficulty) by the help of the Pump,
provided the Cover and Stopple be fo
firmly faften’'d (by binding and Cement,
or otherwife) to the Glafs ;. and to each
other, thar there be no danger of the
conden{’d Airs blowing of either of them
away, orits breaking through the jun-
&ures, Thefe thoughts, My Lord, asI
was {aying, weentertain’d; but for want
of leafure, as, of as good Receivers as
ours, to fubftitute in its place, in cafe we
fhould break it before we learn’d the skill
of condencing the Air init, we durft not
put them in practice: Yet, on this occa-
fion, give me leave to advertife Your
Lordfhip oncefor all, That though for
the reafons newly intimated, we have,
Onely in the feventeenth Experiment,
taken notice, that by thehelp of our En-
gine the Air may be condenf’d as well as
rarified ; yetthereare divers other of our
Experiments, whofe Phenomena it were

' ' - worth
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worthwhile to try: towvary, by means of
the compx elﬁon of the AII‘

Experi- \/VE taught ‘among divers other
mint 28. things,when we difcour(d of our
fuft Experxment That the Air fhut up in
our Receiver, prefleth as ftrongly upon
the Bodies thut up with it; as it they
were ex pof'd to the-preflure of the whole
Atmofphere, That.this was not incon-
fiderately propounded, we hope Your
Lordthip has gather’d from divers of the
things already recited : But yet perhaps it
will not be amifs to fubjoyn, by way of
turther confirmation of the fame truth,the
: following Experiment, which thould have
VA accompanied the 20t but the Paper where
o in the one was written chanc'd not to beat
B hand, when the other was fent away.

il We convey’d into the Receiver anew
i Glafs Viol, capableofholding about 6 or
7 ounces of Water, into which we had
betore put 2 or 3 Spoon-fulls of that Li-
quor, and ftopt it clofe with a fit Cork.
The Pneumatical Velel being empty’d,
there appear’d not any chdnce in the in-
clofd Water, the Air 1mpufon d with ir,
1ot having the force o blow out the ftop-
Dle
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| ple, which event; thoughrit wére no.other
then we expected,was differing:-from what
we defir’d-For we'would gladly: have feen
what change would:have appear’din the
Water upon the Bottles:being {fuddenly
unftopp’d , in a place where the smbient
- Body was {odiffering from our common
Air, Wherefore-we:did again.putin the
Viol, but lefs ftrongly clofd.zhen for-
merly, though as ftrongly ftopt as feem’d
requifite on ordinary oceafions : But when
the Air was pamp’dout of theReceivery
that within the Violdid quickly, as we
expected, findorimake it felf little paflze
ges.to ger outat:as weargu’d,’ from this,
That whereas when the Viol was pat’in:
the time before, the:Water reniain’d «all
the-while pertectly free from bulbsbless at
this time the bottom of the Glafs ap-
peard all coverd with them; andzhey)
upon the.regrefsof the excluded Air into
the Receiver, did prefently flagandfhrink
up. Sabin 4l fe 92 30 2land
' -From thefe:tryals it {éem’d deducible
enough, thavwhil'tt: the Viol continu'd
to be well ftopg,« the includéd Water
did, from the Air; fhut up with ity
fuftain a preflurei equal to that of the
Atmofphere 5 fincetill the Air could get
5 W out
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out of she Glafs, there appear’dno bub-
bles in-the Water, notwithftanding the
want of preflure inthe ambient Body. -
But to be fure to reach the chiet endof

our ;Experiment,, we made ufe of this o-
ther expedient: ‘We caul’d a convenient
‘quantity of Water to be put, and Her-
metically fhut upintoa Glafs Egge, to
whofe long Neck (which was purpofely
made of an unequal. thickne(s) was fa-
ften’d 'to’ one end of a ftring, whofe o-
ther end was ty’d to the Cover of our
Receiver,after the manner ellewhere men-
tion’d already: Then the Egge being
convey’d into the Pneumatical Veflel,
and that ‘being evacuated, we did, by
turning the brafs Stopple formerly de-
fcribd amongft the parts of our En-
gine;, fo thorten the ftring as to break the
Glafs s whereby liberty being given to
the Air imprifon’d in the Egge, to pafs
into the capacity of the Receiver,the fud-
den recefs of the Air made the bubbles in
a trice appear fo numerous , and afcend
{o fwiftly in the Water, that their motion
look'd like that of a violent thower of
Rain 5 fave that the bubbles did not, like
* the drops of Rain, tend downwards, but
upwards, which made me refemble t/his
Phae
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Phenomenon to what I have feen happen
inthe diffolution of Seed-Pearl in fome
acid Menftruum, in which, if 2 good quan-
tity of the lictle Pearls be caft whole, they
will ac firft, if the Menftruum be fharp e-
nough, be carryed in {warms from the
bottom tothe top of the Liquor.” We
will adde, that without fealing up the
Glafs, this Experiment may be try'd in
one of our {malleft Receivers, for there *
the ex{uction of the ambient Air may be
perform’d fo nimbly, that immediately.
the bubbles lurking 1n the Water are al-
low’d to difplay themfelves, and afcend:
in throngs; infomuch, as having in fuch
2 Receiver try’'d the Experiment with
Wine (as amore {pirituous Liquor) in-
ftead of Water, the Red-Wine appear'd b
all cover'd, with a copious, but vanithing
white Froth, almoft as if a Veffel full ot
bottl'd drink had been unwarily open’d.

T may notalittle conduce to the clear~ Euperi

®er explication of divers Points in the ment 29.
Doctrine of Meteors, and perhaps of
fome other Phyfiological difficulties, to
difcover what the Air does to the motion
of thofe Steams or Exhalations that af-
cend
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céndintoit ;namely, Whether they-mount
upwards by vértue of any fuch pofitive le-.
wity:(as lome Penpatec'cks {peak) ac-
quird together with their Aérial nature,
as 1mbles them to pierce through-part of
the Atmofphere, and over-come its re-
fiftance. - Or elfe, :whether thefe fteams
being once raif'd above the Earth by their
agitation, have- theirafcent and {uftenta-
tionaloft, ratherpromoted then hindred
by the-Air: as the inferior parts of that,
being-thicker and heavier then the fupe-
rior,  the freaihs can more eafily continue
fora while their agitation upwards then
downwards 5 And “fteiwards are by the
fame fluidity and’ thickne{s of the Air,
carried to and fro in it, and kept from re-
lapfing to the Earth, asin the Sea.water
the falime parts are kept from fubfiding by
thofe aqueous ones mz&xethh they are
aflociated. :

Wehop'dtoil uﬁxate this matter, by
obfelvmg the motion of the moke, pro-
ceeding from kindled or flaming Bodies in
our exhaufted Receiver.  But as we for-
merly noted, upon the exfution ot the
Air, the (moI»mG of thofe' Bodies pre-
fent] ly ceaf’d, Wehad thoughts alfo of
conveying into outr Pneumatical Glafsa

: ' hot
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hot Tron, with fome :Body eafie to bé-
ddﬁpqted into {inoke fecupon it, but cona
fiderd, that neither was that way free
from inr:onv,enicncics-, efpecially this,thag
the hot Body would make the Imprifon’d
Air circulate within the Receiver, and
confequently make 1t queftionable whet
ther the dfcent of the fteams would not
be due to the new and acquired motion of
the Air.
 Wherefore I bethought my {elf of an.
other way to fausfi emiome meafure my
curiofity,: to wit, by means of acertain
Liquor, which I call’d to minde that fome
years ago Lhad (foradefign that belongs
not to . our prefent purpofe) prepards
which, I.{uppofe, I thew'd Your Lord-
fhip, and which had the:luck to be tas
ken notice of by divers. very Ingenious
and. Famous Men.  For this quuor,
thoughmolft of its Ingredients be Metals;
and all of them pondcrous enough, is yet
of that nature, that whilft the Viol where
micis kepris ftopt (how flighea Cover
focver) both the Liquor and the Glafs
are tranfparent 5 and fo is: that upper half
of the Glafs towhich the Liquor reaches
not. Butafloonas ever the ftopple is ta=
ken out, and full accefsis given ro the ex-
D ternal
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tetnal Alr, both the inward past of thé
Cork, and the Liquoris {elf,” do prefent-
ly fend upwards, and fcatter abroad a
fume as thick and white, asif there were
a quantity of Alablafter-duft thrown up
into the Air: And this fmoking of the
Liquox Jaftstillmy umvdlmonets to wafte
ity invites me'ftép it again s and then the
afcenfion of the fumes fuddenly ceafes, till
the Viol be again unftop’d. :

““This fuming Liquor then I thouom’
would much -conduce to the al'L,OVCIyl
defird to make; fince it {fav’d me the need
of ‘conveying any. hot Boriy with it into
the Receiver, -and would not - darken it
with fumes before the time; Wherefore
having ty’d tothe Viol a great weight of
Liead, to keepit from being lifred up by
t’nedrawm0 out of the Cox}\ 5 and lmr'nfr
ty’dto the ftopple one end of adtring, of
which the other end was made faft:to the
Cover of ‘the Pneumatical Glafs, the Li-
quor was carefully clof'd up after the
wonted manner 5 thenthe Air being dili-
gently pump’d out, the Viol was unftopt \
in the empty’d- Receiver : and t though
.mmedxately npon the drawing out of the
Cork, there appear'd to be as it were
Emoxm up fome white fumes , which

{feem’d
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feem’d to proceed from the Air before
imprifon’d in the Viol, and diffufing it
felf fuddenly into the capicity of the
Receiver.  Yer we afterward obferv’d,
as we expeéted, That the fumes did not
mount and difperfe themfelves as they
ufe to do in the open Air, but that, when
by reafon of the agitation of the Cor-
pufcles of the Liquor, which could not
continue their motion in f{o narrow a
fpace as the Viol afforded them, and were
therefore reduc’d to thruft one another
out of it; when, I fay, by thefeaffi-
ftances the fumes were afcended to the lip
of the Viol, they mounted no higher,
but ran down along the out-fideof the
Viol to the bottom of ity and thence
along, a long and inclining piece of Lead,
on which the Viol refted, like a little
Stream (not very much bigger then a
Swans Quill) whofe nature it feemd to e-
mulate fo well, that it quitted not the Viol
till it was come to the bottom of it, and
then forfook it in {uch a manner as a
ftream of Water of the f{ame bignefs
would have done. And this fiream lafted
apretty while, and would probably have
lafted longer,but that being loath to wafte
my quum, I letin at the Stop-cock a

P2 pretty
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pretty deal of the external Airs notwith-
ftanding which, findingafter awhile the
ftream did run afrefh, though, as it feem-d,

- not alrogether fo copiousas before : Ilet

as much more Air, as would, come in,and
found (fome\vhat to my wonder) that
though the ftream for melly mention’d
dxf-appeal d, yet there appear’d not any
white fumes to arife seither from theCork,

or out of the Vlol it {elf, no not v&hm
the Cover was removd from the Recei-
ver; though not onely after awhile there
afcended white Fumes from the Rcceiver:
but having forchwith taken out the Viol
into the open Air, it emitted white ex~
halations as before 5 and having prefently
after unftop’d it in an open Window, we
tound bothit and the Cork immediatly
to {end forth a yet much more plentiful
{moak. Though it be now diveis years
fince this Numerical Liquor was prepa-
red, after the manner mention’d either
by Carneiades or Elentherins (for Ido not
well remember which) in thofe Dialogues

-concerning Heat and Flame that have a-

bove been mention’d.

More Circumftances concerning thele
Fumes we might have obferv’d, had we
not been deterr’d by an Indifpofition in

point
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oint of health, from having muchto da
with fteams of fo dangerous anature,as by
that of the Ingredients of this Liquor
thefe {.em likely to be of.

The Refletions that may be made up-
on this Experiment, we have not now the
leafure to profecute, and therefore fhall
content our felves to recommend the fe-
veral Circumftances of it to Your Lord-
thips ferious confideration; and to take
notice (es paffant) that ftexmsinan am-
bient Body, or a medium thinner then
themfelves, may both tend downwards,
and otherwife emulate the nature of a
Liquor 5 which I therefore pointat, thac
it may appear the lefs ftrange, if we fomes
times {peak of the Atmofphere asof a
kinde of Liquor, in comparifon of thag
more thin and {ubtle Celeftial Matter that
{urrounds it.

And though 1t might perchance f{uf-
fice to have on this occafion intima-
ted thus much; yet, left this way
of {peaking of the Atmofphere fhould
be thought too bold - and extra-
vagant , I am content to borrow an
Experiment of the Difcowm{e former-

| L3 ly
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{y mention’d (touching fluidity and firm-
nefs) and futjoyn it here with alterations
fuitable to the contrivance of our Engine;
and this the rather, becaufeI hopeit may
conduce to the dlfcovcry of the nature of
the Atmofphere: for which reafon it
might have been annext to what has been
noted either upon the firft, or eighteenth
Experiment, but that when they were
written and fent away, it came not into
my minde. The Experiment then as we
try’d in our Engine, was as follows.

Experi- E took one of the fmall Receivers,
wrene 30 often mention’d already, and into it
we convey da piece of well lighted Match;

and letting it remain there till it had fill'd

it the Receiver with [moak, we took it out
and haftily clofd again the Receiver, that
i 4 the fmoak might not get away. Then
ftaying awhile to let thefe fumes leifurely

6 fubfide, we found, as we expefted, that
: after fome time they fetled themfelves in
the lower half of the Receiver, ina dark-
ifh Body, leaving the upper half of the
Receiver tran(paxent and as to fight, full
of nought but clear Air.  Now to mani-
feft-thac this fmoak thus fetled emulafd
alils
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a Liquor, we inclin’d the Engine that cona
tain'd it, fometimes to one fide,and {fomes
times to. the other; and obferv’d the
fmoak to keep its furface almoft Hori-
zontal, notwithftanding the ftooping of
the Veﬂel that held it, as Water or an-
other Liquor would in the like cafe have
done. Andif by aquicker rocking of .thé
Engine the {moke were more {witcly {hs-
ken it would, like Water, either Vibrate
tQ and fro from one fide o the other of
the Glafs,or elfe have its furface manifeft-
ly curll’d with Waves, but preferve its
felf inan intire and diftin& Body from the
incumbent Air; and being permitted to
reft awhile, would {oon recover its for-
mer {mooth and level fuperficies: If alo
the I\Ly were turn'd angd-the Valve un-
ftopp’d, fo that there was afiee, though
but anarrow paflage open’d betwixt the
external Airand the cavity of the Recel-
ver, then would fome of this fmoak fall
dow n, as it were, in a fiream into the {ub-
jacent Cylinder, and a  proportionate
quantity of the outward Air, would ma-
nifeftly afcend throughit into the incum-
bent Air, much 1fcex the fame manner as
ifyou invert a Viol witha long Neck,and
well fill’d with Red-Wine, intoa GLlis

P 4 full
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Yall-of fair water, you fhall {ee the Water
andWine by degiees mingle with one an-
other; the one 1‘1lhn(y downeas it werein
little colour'd ftreames, and the other af- -
cending into its room in the like curled
i’(reames fometimes preceded by round
parcels of water ,which,by reafon of their
tranfparency, looke almoft like bubbles .
“The other circumftances of this E x peri-
ment, belonging not all of them to our
‘prefent purpofe, we {hall content our
Telves with taking notice of one which

{eemes the moft | nnpomnt and may illu-

ftrate and confirme fome things former-
1y delivered, And it was, Thatif, when
the [uperficies of our Smoke lay {mooth
‘and horizontal, ahot iron were held near
theoutfide of the Recewver, the Neigh-

‘bouring part of the included fumes (for
thereft did not veiy much alter their for-
met fuperficies)being ratified by the heat,

would readily afcend ina large Pillar of

-{moke to the very top of the Receiver,

‘yet without f{eeniing to loofe a diftint
fuperficies,or to be confounded with Airs
below which ;" upon the recefs of the ad-
ventitious heat that by agitating it im.
pell’d it upward , it would againe {ub-

All



l
/,
I
|

(227)

All which being added to the late Ex<
periment of the (mokmo Liquor, and
to what may be from that whxch has been
elfewhere fayd, gather’d to the fame pur-
pofe,will,Lhope, keep it at leaft from ap-
pearing abfur'd: If {ince we fee that there
is {0 great an inequality in the denfity and
weloht of Liquors,that water is neere 14
times thinner or l'Ohter thanQuick-filver
of the fame bulk, and well dephlegmrds
Spirit of Wine yet much lighter than wa=~
ter ; we venter to {peak fometimes of the
Atmofphere, as if it were a peculiar kind
of thinand halituous Liquor ( if I may fo
call it) much lighter than Spiric of Wine.

To thefe things I know not whether it
will be requifite to add, that as we late-
1y took notice of confpicaous waves that
appear’d upon the [uperficies of our agi-

tated fmoke. So {ome {uch thing may
not abfurdly be conje&ux d to h’lpDEH

" on the fuperficies of the Atmofphere,

by thole ftrange ruggednefles that ap-
peare (efpeci: 1lly in the Spring and Fall,
when exhalations and vapours are wont to
afcend moft plentifully j upon the Limb
or Edge of the Rifing and Setting Sun. I
{peake thus difidently upon this occafion
becaule L know that by theFluctuation or

Boyling
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Boyling of the Sun’s own [uperficies di-
verfe eminent Mathematicians have plau-
fibly enough ( buthow truly I leave
your Lordfhip to Judge ) endeavourd to
givean Account of it, But if we will joine
with thofe that have afcrib’d of late this
Phanomenoin tothe Refraction the Sun-
Beames fuffer in our vapid Air; we may,
as hath beenintimated,promote theirDo-
&rin by deducing from it, that probably
the furface Atmofphere is oftentimes (1f
not alway-s)ex ceedingly curl’d or wav’d,
And certainly itis {omewhat wonderfull
as well as very pleafant to behold, how,

to him that looks upon the fettmg Sun

through a long & excellent I‘eleicope

there will not only appeare firange inc-
qualities in the edge of it ( inf fomuch thac
I have often feen it moreindented thana
Saw ) but thofe inequalities will vamih in
one place and prefently appeare inano-
ther, and {eem perfeétly to move like
waves {1 uccpeding and deftroying one an-
.other; {ave that their Motion oftentimes
feemes to be quickeft as if in that vait fea
they were carried on bya current, orat
leaft by atide. And this ( as we elfe
where note ) appesr’s to the eyenot on-
ly whenic looks directly through the te-
,eicop\..
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fefcope upon the funnes but al{o when a
farge and well defin’d image of the funne
is by the fame telefcope brought intoa
roome and caft upon a fheet of white pa-
per. Buttoinfift on this wereto digrefs:
and therefore I will proceed tp experi-
ments of another kind,

Ix has been admir’d by very ingenious £+pers-
Men, that if the exquifitly polifh'd 77 31
{urfaces of two flat peeces of marble be fo
congruous to eachother that from their
mutuall application there will refult an
immediate contact, they will ftick fo faft
together, that he that lifts up the upper-
moft, fhall, if the undermoft be notex-
ceeding heavy, liftup that too, and fuf-
taine it alott in the free aire. A proba-
ble caufe of this fo clofe adhefion we have
elfewhere endeavour’d to deduce from the
unequall preflure of the Air upon the un-
dermoft ftone; For thelower fuperficies
of that ftone being freely expos’d to the
Airis prefl’d upon by it, whereas theup-
permoft {urface, being contiguous to the
fuperiour ftone, is thereby defended from
the preffure of the Air which confequent-
ly prefling the lower ftone againft the up-
Pt s
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per , hinders it from falling, aswe have
elfewhere more fully declard Upon
thefe grounds we conjectur’d that in cafe
we could procure two marbles exactly
ground to oneanother; and in cafe we
could alfo fufficiently evacuate our Re-
cewver , the lower ftone would, for want
of thewonted and fuftaining preflure of
the Air, fall from the upper. But the
further tryal of thlsI:xpeument we muft,
unlefs your Lordfhip think it worth Your
making at Parss, put off ull a ficter
opportunity. For where we now are , we
cannot procure marbles {oexactly ground,
that they will fuftaine one another in the
Air, abovea minute or two, which is a
n uch fhorter time than the emptyxm of
our Receiver requires. We did indeed
try to make our marbles ftick clofe to-
gether by moiftening their pollifhed fur-
taces with rectifi'd {pirit of Wine, inre-
gard that Liquor by its fudden avolation
from marble, if powr’d thereon, without
leaving it moift or lefs fmooth, fef:m d
unable to fuftaine them together after the
manner of a glutinous oody, and yet
feem’d fufficient to exclude and kecp out
the Air, Buc this we try ’dto lictl epu

pofe, for having convey’d into the Recei-
VEr
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ver two black {quare marbles (the one of-
two inches and a third in length or
breadth, and fomewhat more thanhalfe
an inch in thicknefs: The other of the fame
extent, but not much above halfe {o
thick ) faften’d together by the interven-
tion of pure Spirit of Wine ; and having
{ufpended the thicker by a ftring from the
cover, we tound not that the exfuction of
the ambient Air would {eparate them ,
though a weight amounting to four oun-
ces were faften’d to the lowermoft mar-
ble to facilitate 1t’s talling off.

I would gladly have the Experiment
try’d with marble fo well pollifh'cas to
need no Liquor whatfoever to make them
cohere , and ina Veflel out of which the
Alr may be more perfetly drawn thanit
was out of ours,  But in the mean time
though we will not determin whether the
Spinc ot wine did contribute o the ftrong
cohefion of thele ftones , otherwife than
by keeping ev'n the {ubt!’ft parts of the
Alr from getting in between them, yet it
{eemed that the not falling downe of the
lowermoft marble might without impro-
bability be afcrib’d to the preflure of the
Air remaining in the Receiver ; which as
we formerly noted having been able

to
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to keep a Cylinder of water of above
a Foot in height from falling to the bot-
tom of the Tube, may well enough be
fuppofd capable of keeping fo broad a flat
Marble from defcending. And though this
may feem aftrange proof of the ftrength of
the {pring of Air,ev'n when rarified, vet it
will fcarce feem incredible to him that has
obferv’dhow exceeding ftrong a cohefion
may be made betwixt broad Bodies, one-
ly by their immediate touching one ano-
ther. A notable inftance of which, I
have met with in this fhort Narrative of
the Learned Zucchius,  Fuveni (fays he)
Lacertorum [worum robur : jaitamti propo-
fita [emel eff lamina area, per anfam in
medio extantem apprebenfam elevanda &
¢abula marmorea, cui optime congruebat :
qui primo tanquam rem ludicrams puero
committendany contempfit : tum iuftanti-
bus amicis manum wtrimque admovens
cum luitatus iy harentem non removiffet,
excufavit impotentiam, objecta perigring
& potentifsims glutinis interpofitione, quo
fortifsime copulante nequiret divells , doa
nec vidit ab alio per tabulam facilime lami-
nam deduct, ¢ adextrema productam, &
actam in tranfverfum inde deportari. But
that we may learn from our own Engine,

o ' ' that
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that two Bodies, though they touch each
other ‘but in a{mall part of their {urfaces,
may be made to cohere very ftrongly,
onely by this, Thatthe Air prefles much
more forc1bly upon the inferior fuperfi-
cies of the lowermoft Body, then upon
the upper {urfaceof thefame: Wewill
hereunto annex the following . Experi-
ment, cthough out of the ordcr whcrem
they were made. 1

Experia

E remember I have, ina Difcourfe. con- mene 3 2.
cerning Fluidicy and Firmnefs., :made
‘mention of my having, by the exfuction
of the Airout of a Glafs Veflel, made
thac Veflel take up; or {uck up(to{peak mn
the common Language)a Body weighing
divers Ounces ., but our Eogine affording
us the opportunity of making confider-
abler Experiments of that kinde, We
thought fit to make a further tryal of the
force of the Atmofphere’s preflure up-

vards, after the tollowing manner.

The Receiver having been exquifitely
clofd. as we have often taught already,
and the Air being ina oood meature drawn
out of ir, 1t was'temov’'d from off the
Pump: and ro the Jower Branch of the
Stop-
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Stop-cock,, there was fpeecily apply’d 3
tapering Valve of brafs, fuch as is defcrib'd
inthe gt ﬁg: made fit to go withits nar-
rower endinto the cavity of the branch ;
and to- fill the orifice of that cavity with
its broader part. And that the Air might
not get inat the litle intervals, left here
and, there between the convex furfice of
the ftopple and the internall edge: of the
branch, thofe intervals were {top’t with
alittle Diachylon.  And to the doore,
or,( if youpleafe ; that part of the Valve
which ‘was to moveto and fro, and in
this Experiment hung perpendicular to
the Horizon, there was, at 2 button of
brafs belonging to the Valve faften'da
broad {cale wherein weights were to be
put. This done the key of the Stop-cock
was turn-d, and the externall Air beating
likea forcible ftreame upon the Valve
to getin there, it did {uddenly bothfhut
the Valve and keep it fhut fo ftrongly,
thatwe had time to caft in diverfe weights
one after another into the Scale; ullat
length the weight overpowering the pref-
fure of the Atmofphere,drew downe the
Valve by the ftringes . that ty’d the Scale
toit, and gave liberty to the outward Air
to rufh-into the Receiver, Though a-

' ' nother
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nother time, when the Valve had but lic»
tle weight hanging atit, being,by I know
not what acaident,drawn down beneath its
former place, it was by the impetuous
current of cthe outward Al {uddenly im-
pell'd up into it again, and kept there.
But in the former Exveriment it i: re=
markable, That though the Receiver were
not well exhaufted, and though it leak’d
whil’ft thereft of the Experiment was in
profecution, and though the Valve
whereon the Cylinder of the Atmofphere
could prefs, were not above an Inch and
a half in Diameter, yet the weight kept
up by {uction, or rather {upported by the
Air, namely the Valve, the Seal and
what was caft into it, being fent to be
weigh’d, amounted to about tenof our
common Pounds, confiiting of fixteen
Ounces apiece: So that we doubted not
but that, had the Experiment been made
with favorable Circumftances, the Air
endeavoring to prefsinat the Orifice of
the Stop-cock, would have keptavery
much greater weight from falling out of
it 5 I fay the Air, becaufe wefound, by
tryal purpofely made, that neither the
imperfect contalt of the Valve and the
Stop-cock, northe Diachylon thar was

Q. em-=
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employ’d to fill up the little Crannies lefc
betwixt them, were confiderable in this
Experiment; by which may among other
things appear, that I did not without
caufeia the above-nam’d Difcourfe touch-
ing Fluidity and Firmne(s, alcribe a great
force, ev'nto fuch Pillars of Airas may
be fuppofd to begin at the top of the
Atmofphere, and recoyling from the
ground to terminate on the Bodies on
which they prefs: finceinthe prefent Ex «
periment fuch a weight was fupported by
{o flender 2 Cylinder of Air, rebounding
fromr the Earth to the Valve whereonit
did bear.

BUt in regatd we have not yet been

able to empty fo greata Vetlel as our
Receiver, fowellas we can the Cylinder
it felf 5 our Pump alone may aftord usa
noblerinitance of the torce of the Air we
live in, iafomuch, that by help of this
part of our Engine, we may give a pretty
near ghels at the ftrengthof the Atmo-
{rhere, computed as a weight, And the
way may be this ; Turft, the Sucker be-
ing brought to move eafily up and down
the Cylinder, is to be impell’d to the top
of
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of it: Then the Receiver muft be taken
oft from the Pump, that the upper Ori-
ficeof the Cylinder remainigg open, the
Air muy freely fucceed the Sucker, and
theretore readily yield to its motion
downward. This done, there muft be
faften'd to one of the IronTeeth of the
Sucker, fuchaweight as may juft fufhce
to draw it to the bottom of the Cylinder.
And having thus examin'd what weight is
neceflary to draw down the Sucker, when
the Atmofphere makes no other then the
ordinary refiftance of the Air againftits
defcent 5 the Sucker muft be again forc’d
to the top of the Cylinder, whofe upper
Orifice muft now be exatly cloled ; and
then (the firft weight remaining) we eafi-
ly may, by hanging a Scale to the above-
mention’d Iron (that makes part of the
Sucker) caft in known weights {o long,
till in {pight of the relu@ancy of the At-
mofphere the Sucker be drawn dotwn: For
to thefe weights in the Scale, that of the
Scale it felf being added,the fum will give
us the weight of a Columnof Air, equal
in Diameter to the Sucker, orto theca-
vity of the Cylinder; and in length to
the heighthof the Atmofphere.

According to this method we did,{ince

Q.2 the
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thewriting of the laft Experiment, at-
tempt to meafure the preflure of the At-
mofphere, byt found it more difficult then
we expected, to perform it with any ac-
curatenefs ; for though by thehelp of the
Manubrium the Sucker moved up and
down withi jo much eafe, that one would
have thought thatboth its convex furface,
and the concave one of the Cylinder were
exquifitely fimooth, & as it were {lipperys
yet when the Sucker came to be moved
onely with a dead weight or preflure (that
was not (like the torce of him thar
pump’d) intended as occafion required)
we found that the lictle rufnefles, or other
inequalities, and perhaps too, the unequal
preflure of the Leather againft the cavity
of the Cylinder, were able now and then
toputa ftop to the defcent or afcent of
the Sucker, though a very little external
help would eafily Turmount that impedi-
ment ; and then the Sucker would, for a
while, continue its formerly interrupted
motion, though that affiftance were with-
drawn. But this difcouragement did not
deterre us from profecuting our Ex peri.
ment, and endeavoring, by a careful trial,
to make it as inftructive as we could.
We found then thata Leaden W Cth!f:
of
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of 28 pounds (each confifting of fixteen
Ounces) being faftned to one of the teeth
of the Sucker, drew it down flowly e-
nough; when the upper Orifice of the
Cvlmder was left open, though by the
help of Oyland Water, and Iy the fre-
quent moving the Sucker up and down
with the (M anubrium, its motion in the
Cylinder had been before purpofely faci-
litated. This done, the upper Orifice of
the Cylmder was very carefully and clofe-
ly ftopp’d, the Valve being likewife {hut
with its wonted Stopple well oyl'd, at-
ter the Sucker had been again impell’d
up to the top of the Cylinder. Then to
the precedent twenty eight pound, we
added a bundred and twelve pounds more;
which forcing down the Sucker, though
but leifurely, we took off the twenty
eight pound weight; and being unable to
procure juft fuch weights as we would
have had, we hung on, inftead of 1t, one
.of fourteen pound, but tound that, with
the reft, unable to carry down the Sucker.
And to fatisfie our felves, and the Spe-
&tators, that it was the refiftance of the
ambient Air that hinder'd the delcent of
{o great aweight, after that we had try’d
that upon unftopping the Valve, and

Q.3 there-
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thereby opening an accefs to the externai
Air, the Sucker would be 1mmea13tely
drawn down: After this, Ifay, we made
this furcther Experiment, Thathaving by
a Man’s ftrength forcibly deprcﬂd the
Sucker to the bottom of the Cylinder,
and then faftned weights o the above-
named Iron that makes part of that Suc-
ker, the preflure of the external Air find-
ing little or nothing in the cavity of the
evacuated Cylinder to refift it, d'd}re«
{ently begin to impell the Sucker, with
theweloht that clogg’d it, towards the
upper part of the Cyhnder tll fome
{uch accidental Impediment as we former-
ly mention'd, check’d its courfe; and
when that rub,which eafily might be, was
takenout of the way, it would continue
its afcent to the top, to theno {mall won-
der of thole By-ftanders, that could not
comprehend how fuch a weight could af-
cend, as it were, of it {elf; that | is, with-
out any vifible force, or {o much a5 Su-
¢tion to lift it up And indeed it is very
confiderable, that though poflibly there
might remain fome part-.r:les of Aur inthe
Cylinder, after the drawing down of the
Sucker ; yet the preffure of 2 Cylinder of
the Atmofpbﬂc,, fomewhat Tefs ;bm
three
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three Inches in Diameter (for, as it was
faid in the defcription of our Engine, the
cavity of the Cylinder was no broader)
was able,uncomprefl’d,notonly to fuftain,
but even to drive up a weight of an hun-
dred and odde pounds: for befides the
weight of thewhole Sucker it felf, which
amounts to fome pounds, the weights an-
nexed to it made up a hundred and three
pounds, befides an Iron Bar, that by con-
je¢ture weighed two pounds mores and
yet all thefe rogether fall fomewhat {hort
of the weight which we lately mention’d,
the refiftance of the Air to have held fu-
fpended in the cavity of the Cylinder.

Andthough (as hath been already ac-
knowledg’d) we cannot, peradventure,
obtain by therecited means fo exact an
account as were to be wifh’d, of what we
would difcover: Yer, if it ferve us to
ground Conjectures more approaching to
the Truth, then we have hitherto met
with, I'hope it will be confider’d (which
afamous Poer judicioufly fays)

Eft quoddam prodire ienss, (i non da-
trr sltra,

Peradventure it will not be imperti-
Q4 . nent

N
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nent to annex to the other Circumftances
that have been already fet down concern-
ing this Experiment, That it was made in
Winter, in Weather neither Frofty nor
Rainy, about the change of the Moon,
and at a place whole latitude is near about
sxdanda half: For perhaps the force or
preflure of the Air may vary, according
to the Seafons of the Year, the tempera-
ture of the Weather, the elevatcn of the
Pole, or the pha'zs of the Moony all,or
even any of them {eeming capableto al-
ter either the heighth or confiftence of the
incumbent Atmoiphere: And therefore
it would not be amifs if this Experiment
' were carefully tryd at feveral times and
LE & places, with variety of Circumitances, It
AR , might alfo be try’d with Cylinlers of fe-
oW veral Diameters, exquifitely fitted with
} Suckers, that we might know what pro-
e portion feveral Pillars of the Atmofphere
bear, to the Weights they are able to fu-
ftain or lift up 5 and conlequently, whe-
ther the increale or decrement of the re-
fiftance of the ambient Air, can be re-
duc’d to any regular proportion.to the
Diameters of the Suckers: Thefe , and
divers other fuch things which may be
try’d with this Cylinder, might moft of
them
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them be more exaétly try’d by the Totti-
cellian Experiment,if we could getTubes
fo accurately blown and drawn, that the
Cavity were perfectly Cylindrical.

To dwell uponall the feveral Refle-
tions , that a {peculative Wit might
make upon this and the foregoing Expe-
riment, ( I mean the thirty third and thir-
ty fecond) wouldrequire almofta Vo-

lume ; whereas our occafions will {carce -

allow us time to touch upon three or
four of the chief Inferences that feem de.
ducible from them,and therefore we fhall
content our felves to point ac thofe
tew,

And firft, as many other Phenomena |

of our Engine, fo efpecially , the two
lately mention'd Experiments, feem ve-
ry much to callin queftion the receiv’d
Opinion of the Nature or Caufe of Su-
¢tion.For “tis true indeed,that when men
fuck, they commonly ufe fome manifeft
endeavour by a peculiar motion of their
Mouthes, Chefts,and {ome other con{pi-
ring parts , toconvey to them the body
tobe {ucke in. Andhence perhaps they
have taken occafion, to think thatinall

- Suction

RS = o e e e
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Suction there muft be fome Endeavour
or motion in the {ucking to attract the
fucked Body. But in our laft Experi-
ment it appeares not at all how the up-
per part of the empty’d Cylinder that re-
maines movelefs all the while , or any
part of it, does at all endeavour to draw
to it the deprefied Sucker and the an-
nex’d weights. And yet thofe that be-
hold the afcention of the Sucker,without
ferioufly confidering the caufe of it , doe
readily conclude it to be ray{’d by fome-
thmg that powerfully Sucks or attracts
it, though they fee not what that may
be or where it Jurks . So that it feemes
not abfolutely neceflary to Su&tion, that
there be in theBody,whichis faid to {uck;
an endeavor or motion in order thereun-
to,but rather that Suétion may be at leaft
for the moft part reduc’d to Pulfton, and

.1ts effects afcrib’d to fuch a preflure of

rhe sneighboring air upon thofe Bod:es

(w htber acrial,or of other Natures Ythat

are contiguous tothe Bodythat s 1ayd te
attra& them,as is ftronger than that Sub-
ftance which poflefles The cavity of that
furkmg Body is ableto refift, Toob-
ject here , that it was fome particles of
Air remaining in the empty’d Cylin-

¢
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der that attracted this weight to obviate
a Vacanm » Will {carce be fausfg&ow . Un-

Jefs it.can be cleerly made out by what li-.

tle hooks,or other grapplingInftruments,
the internal Air could take hold ofthe
Sucker; how f{o litle of it obtain’d the
force to lift up fo great a weight; and why
alfo, upon the letting in of alitle more
Air into one of our evacuated Vei-
fels , the attraction is, inftead of being
ﬁrenoth“n d, much weaken’d , though,
if chere were danger of a Pacuum be-
fore, it would remain, notwithftanding
this ingrefs of a lictle Air.  For that ftill
there remain’d in the capacity of the ex=-
hanfted Cylinder ftore of little rooms,
or {paces empty or devoid of Air, may
appear by the great violence wherewith
the air rufhes in ,ifany way be open'd toit,
And that "tis not {o much the decrement
of the Zacaum within the cavity of the
veflel that debilitates theattradtion,as the
{pring of the included air (whofe prefence

makes the decrement) that does it by
refifting the prefiure of the external Air,
{eems probable, partly from the Difabi-
lity of vacuities chmev greater or lefler,
torefift che pr effure of the Airzand part=
5" by {orme OI the Phenpmenaot our Ex=
periments

s g
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periments, and particularly by this Cir-
cumftance of the three and Thirtieth
that the Sucker was by the preflure of the
Ambient Air impell' dupwards ,” with its
weight hanging atit, pot only when it
was at the bottome of the Cylinder, and
confequently lefta great Vacuum in the
cavity of its but when the Sucke: had
been alrmdy impel-d almoft to the op of
the Cylinder,and Lomequently when the
Pacunm that remain’d was become very
litle in comparifon of that which preceded
the beommm, of the Sucker’s atcention.
In the next place, thefe Experiments
may teach us, whwc to judge of the vul-
gar Axiom receiv’d for fo many ‘Ages
as an undoubted Truthin the Peupa:en
tick Schools; That Nature abhorres
and flvs a Pacunm , and that to fucha de-
gree, that no humane power ( to go no

higher ) is able to make oneia the Uni-
verfes wherein Heaven and Earth would -

change places , and allits other Bodyes
zather act contrary to their own Nature ,
thanfufterit. For, ifby aVacuum we
will underftand a place perfectly devoid
of all corporeal Subftance, it may bein-
deed then, as we formerly noted, be plau-
fibly enouOh maiatain'd , that there is
nc
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no {uch thing in the world 5 but that the
generality of the Plenifts, ( efpecially till
of late yeares fome of them grew more
wary ) did not take a Vac:mm in fo ftriék
& Senfe, may appear by the Experiments
formerly, and ev’nto this Day imploy’d
by the Deniersofa Pacuum , to proveit
impoffible that there can be any made.’
For when they alleadge ( for Inftance)
that when a man fucks Water through a
long Pipe, that heavy Liquor, contrary .
to its Nature, afcends into the Sucker’s
mouth, only, to fillup that room made
by the Dilatation of his Breft and
Lungs , which otherwife will in part be
empty. Aund when they tell us, that the
reafon why if a long Pipe exactly
clos'd at one end be fill'd top-ful
of Water, and then inverted, no Liquor
will fall out of the open Oriﬁce . Or,to
ufe a more familiar Example, when they
teach, thac the caufe why ina Gardiner’s
watering Pot thap'd conically , or like a
Sugm-Lou fill'd with Water, no Liquor
fals down through the numerous holes
at the bo:tome,whil& the Gardiner keeps
his Thumb upon the Orifice of the litle
hole at the top 5 and no longer, muft be
that i in the cale pxopofed thc Water

fhould
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fhould defcend, the Air being unable to
fucceed it, there would be left at the up-
per and deferted part of the Veflela ya-
eunm , that would beavoided if the hole
at the top were open’d. When (I fay )
they alleadge {uch Experiments, the
Tendency of them feems plainly to im-
port, that they mean, by a acuum, any
fpace here below that isnot fill’d with 2
vifible body, orat leaft with Air; though
it be not quite devoy’d of all Body what-
foever. For why fhould Nature, out of
her deteftation of a Pucuum , make Bo-
dies a&t contrary to their own Tendency ,
that a place may be fill'd with Air, ifits
being fo were not neceflary to the avoi-
ding of a yacuum.

Taking thena Vacuum in this vulgar
and obvxous fencé , the common opinion
about it feems lyaole to {everal Exce-
ptions ; whereof fome of the chief are
fuggefted to us by our Engine.

It will not eafily then be intelligibly
made out, how hatred or averfation,
whichis a p.iﬁion of the Soule, can either
for a Zacuum,or any other objeét,be {up-
pos'd to be in Water, or {uch like inani-
mate Body , which cannot be prefum’d
to know when a #acuum would enfue 5 if
xh
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they did not beftirre themfelves to pres ’

‘ventit, nor to be {o generous as to act
contrary to what is moft conducive to
their own particular prefervation for the
publique good of the Univerfe, As much
then of intelligible and probable Truth,
as 1s contain’d in this-Metaphoricall Ex-

preflion, feems to amount but to thiss.

That by the Wife Auathor of Nature
( who is juftly fayd to have made all
things in number, weight,and mealure, )
the U.mverfe and the parts of it, arefo
contriv’d, that it is as hard to makc aya-
cugm init, asif they ftudioufly confpird
to prevent it.  And how far this it {elfe
may be granted, deferves to be further
confider’d.

For in the next place,our Experiments
feem to teach, that the fuppofed Averfa-
tion of Nature toa Facuum is but acci-
dental , or in c011fequence partly ofthe
Weight and Fluidity, or, at leaft, Fluxi-
lity of the Bodies here below;and partly,
and perhaps principally, of the Spring of
the air, whole reftlefs endeavor to expand
it {elfe every way , makes it eicherruth
init felfe, or compel the interpos’d bo-
dysinto all {paces,where it finds no grea-
terrefiftance than it can furmount, “And
* that

R
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that in thofe ‘motions which are made o5
fugamV acus(as the common phrafe is)Bo-
dys a¢t without fuch generofity & Con-
fideration, as is wont to be afcrib’d to
them, isapparent enough inour 32¢ Ex-
periment, where the torrent of Air, that
feem’d to ftrive to get into the Empty’d
Receiver , did plainly prevent its own
Defigne, by fo impelling the Valve , as
tomake it {hut the only Orifice the Air
was togetin at. And if afterwards ei-
ther Nature, or the internal Air,had a de-
figne the external Air.fhould be artra-
¢ted , they feem’d to profecute very un-
wifely by continuing to {uck the Valve
fo ftrongly, when they found that by
that Suction the Valve it {elfe could not
be drawnin : Whereas by forbearing to
fuck,the Valve would by it’s own weight
have fall'n down , and {uffer'd the exclu-
ded Air to returne freely , and to fill
again the exhaufted Veflel,

And this minds me to take notice of
another deficiency,pointed at by our Ex-
periments in the common Doétrine of
thofe Plenifts we reafon with 5 for many
of thofe unufual motions in Bodies, thas
are {ayd to be made to efcape a Zacuum ,
feem rather made to fillic.  For why,
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to inftance in our newly mention’d Ex=
periment 5, affoon as the Valve was des
prefs’d by the weight we hung at it
thould the Air-foimpetuoufly and copi-
oufly rufh into the cavity of the Receiver ;
if there were béfore no vacant room there
toreceive it? and if there were,then all the
while the Valve kept outthe Air, thofe
litle fpaces:in the Receiver, which the
‘corpuicles of that Air afterwards fill’d,
may be concluded to have remain’d em-
pty. So that the feeming violence ;
imploy'd by Nature on the occafion of
the evacuating of the Veflel , {eems to
have come too late to hinder the making
of Vacuities in the Receiver , and only
to have , affoon as we permitted, fill'd
up with Air thofe that were already

made. ' v
And as for the Care of the Publique’
Good of the Univerfe afcrib’d to dead
and ftupid Bodies, wee fhall only de~
mand ,why in our 19°* Experiment, upon’
the Exf{uctionof the ambient Air, 'the’
Water delerted the upper half of the’
Glafs-Tube 5. and did not afcend to filk
it up, till the external Air was let inupon
it : whereas by its ealy and fudden regai~
ning that upper part of the Tube, it
i R appear’d
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2ppear’d boththat there was there much
{pace devoid of Air, and that the Water
might with fmall or no refiftance have
afcended into it , if it could have done fo
without the impulfion of thereadmitted
Air; which , it feems, was neceflary to
mind the Water of its formerly neglected
Duty to the Unwerfe.

. Nay, for ought appeares, ev’nwhen
the excluded Air 5. afloon as ‘twas per--
mitted, rutht violently into our exhau-
fted Receiver, that flowing in of the
Air. proceeded rather from the deter-
minate Force of the Spring of the
neighbouring Air, thenfrom any endea-
vour to fillup, much lefs to prevent va-
cuity’s. For though'when as much Airas
will, is gotten into our Receiver our pre-
fent Opponents take it for granted that
it is full of Airs. yet ifit be remembred
thdt when we made our 17"t Experiment
we crouded in more Air to our Receiver
than it ufually holds; and if we alfo con-
fider ( which.is much more ) the Air of -
the, fame confiftence with that in our
Receiver may inwind-guns, asis known,
and .2s we have try’d, e comprefled at
lealt into halfe its wonted room (I fay at
leaft, becaufe fome uftirme, that the Air
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may be thruft into an 8%, or a'yet fmaller
partof its ordinary extent ) it {eems ne-
ceflary to admit either anotion of conden-
fation & rarefaction that is not intelligi+
ble, or thatin the capacity of our Recei~
ver when prefum’d to be full of Air,there
yet remain’d as much of {pace as was ta-
ken up by all the aérial corpufcles unpof-
fefled by the Air. Which feemes plainly,
to infer that the Air that'rufh'd into our
empty’d veflel did not doe it precifely
to fill up theVacuities of it,fince it left {o
many unfill'd,but rather was thraft in by
the preflure of the contiguous Air; which
as it could not, but be always ready to ex-
pand it felfe, where it found leaft refi-
ftance , fowas itunable to fill the Recei-
ver any more , then until the Air within
was reduc’d to the fame meafure of Com=
pactnefs with that without.

We may alfo from our two already of-
ten mention'd Experiments further de.
duce, that, ( fince Natures hatred ofa
Vacuwm is but Metaphorical and Ac-
cidental , being but a confequence orre-
fult of the preflure of the Air and of the
Gravity, and partly alfo of the Fluxility
of fome other bodies ) The power fhee
m akes ule of to hinder a Vacuum , is not

R 2 (as
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{ as we haveelfe-where al{o noted) any
fuch boundlefs thing as men have been
pleas’d to imagine. And the reafon, why
in the former Experiments , mentioned
infavour of the Plenifts, Bodies feem to
forget their own Natures to fhun a 7a-
cuum , {eems to be butthis ; That in the
alleadged. cafes the weight of that Wa-
ter that was either kept from falling or
impell'd up, was not great enough to
{furmount the preflure of the contiguous
Air 5 which, ifit had been, the Water
would have {ubfided,though noAir could
have fucceeded. For not to repeat that
Experiment of Monfieur Pafchal ( for-
merly mention’d to have beentry’dina
Glafs exceeding 32 Foot) wherein the
inverted Pipe being long enough to con-
tain a competeat W eloht of \Vatex, that
Liquor freely ran out at the lower Orifice:
Not to mention this (Ifay) we {awin
our nineteenth Experiment, that when
the preflure of the ambient Air was fufh-
ciently weaken’d, the Water would fall
out apace at the Orifice even of a {hort
Pipe, though the Air could not {ucceed
into theroom deferted by it. And it were
not amifs if tryal were made on the tops

of very high Mountum: to difcover with
what




. (255)

what eafe 2 Vacunm could be made near
the confines of the Atmofphere, where
the Air is probably but light in compari-
fon of what it is here below, But our
prefent (three and thirtieth) Experiment
{feems to manifeft, not onely that the
power, exercif'd by Nature,to {hun or re-
plenith a' Pacuum, is limited, but that it
may be determin’d even to Pounds and
Ounces: Infomuch that we mighe fsy,
fuch a weight Nature will {uftain or will
lift up to refift a #acunm in our Engines
but if-an Ounce more be added to that

weight , it will furmount Her fo much
magnifi'd deteftation of Vacuities, And
thus, My Lord, our Experiments may
not onely an{wer thofe of the Plenifts;
but enable us to retort their Arguments
againft themfelves : fince, if that be true
which they alleadge, that, when Water
falls notdown according to its nature, in
a Body wherein no Air can {ucceed to fill
up the place it muft leave, the fufpenfi-
on of the Liquoris made Nedctur Vacn-
um, (as they {peak) it will follow, that
if the Water can be brought to fubfide
i fuchacale, that deferted {pace may be

deem’d empty , according to their own

Dodérine efpecially, fince Nature (as

: R 3 they
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they would perfwade us) beftirs her fell
fo mighuly to keep it from being, de-
ferted.

T hope I (hall not need to reminde Your
Lordfhip, that Thaveall this while been
{peaking of a Vacuum, not in the finict
and Philofophical fenfe,butin that more
obvious and familiar one that has been
formerly declar’d.

And therefore T {hall now proceed to
obferve in the laft place, that our 33 Ex-
periment affords us a notable proof of the
unheeded ftrength of that preflure which
is fuftain’d by the Corpulcles of what we
call the free Air, and prefume to be un-
comprefl’ds For, asfluidand yielding a
Body asit is, our Experiment teaches us,
That ev’n in our Climate, and without
any other compreflion then whatis (at
Yeaft here below) Natural, or (to fpeak
more properly) ordinary to it, it bears o
ftrongly upon the Bodies whereunto it is
contiguous, that a Cylinder of this free
Air, not exceeding three Inches in Dia-
meter is able to raife and carry up
weight, amounting to between fixteen
and feventeen hundred Ounces, 1 faid,
cven
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even in our Climate, becaufe thatis tem- cﬁ‘:@f{c’ﬁz
perate enough; and as far as my obfer- ;dius mo-
vations affit me to conjecture, the Air it vesnr Au-
many othér-more’ Northern Countries ‘07 1%
may be much thicker, and able to fupport adeo gui-
a gredter - weight: which is not to be demu A

= ; oy tomaton
doubted of , if there be no miftake il 4 neige
what is Recorded concerning the Hollan- iz Nova
ders, thatwere forc’d by the Ice to Win- é‘;”_fi’ﬁf‘;
ter in Noewva Zembla , namely, That dibus fuis
they found there {o condenf'd an Air, thag @/lete:
they could not make their Clock O€; 13 mo
ev'n by a very great addition to the ¢flweit
weights that were wont tomoveit. ‘éfim’f’;f“
dus ei addidffent quam antea ferie folebat. Varenius Geo: Genevar lib,
111, Propo: 7. pag. 648. : i)

I {uppofe Your Lordfhip will readily
takenotice, that I might very eafily have
difcourf{ed much more fully and accuratly
thenThave done, againft the common o-
pinion touching Su¢tion,and touching na-:
tures hatred of a Pacuum, But I waswilling
to keep my felf to thofe confiderations
touching thele matters,that might be ve-:
rift'd by ourEngine it {elf,efpecially fince,
as I faid at firft it would take up too much
time to infift particularly uponall the Re-
flections thar may be made even upon our
two lat Experiments. And therefore,

R 4 pal-
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paffing to the next, I {hall leayeitto yous
Lordfhip to confider how fax thefe tryals
of ours will either confirm ; or disfavor

- thenew Do¢trine of feveral eminent Na-
“guralifts, who teach, Thatin all motion

there is neceffarily a Circle of - Bodies, as
they {peak, moving together ; and whe-
ther the Circles in fuch motion bean Ac-
cidental or. Confequential thing.or no.

Isaknewn thing to thofe that ave con-
* verfant in.the Hydroftaticks, That

two Bodies whichin the Airare of equal
- weight, but of unequal bulk, as Gold,

for inftance and Iron, being afterwards
weighed in Water, will lofe their . £qui-
dibriwm upon the change of the ambient
Body, fo that the Gold will fink lower
then the Irons which, by reafon of its
greater bulk, has more Water to lift
or difplace, thatit may fink. By Analogy
to this Experiment, it feem’d probable,
that if two weights did in our Engine
ballance each other, whenthe Glafs was
full of Air; upon the exiuction of a
great part of that Air, {o notablea change
in the confiftence of the ambient Body,
would

|
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would make themlofe their ‘&yuil-
brigm. .. £ a
* ' But being defirous at the fatne time to
make a-tryaly fora-certain Defign: that
needs not here be mention’d; : we took
for one of our weights a dry Bladder,
ftrongly tyed-at'the:Neck , and about
half fill’d with Air (that being a weight
bothoflight, and that would expand it
feff inthe evacuated Gla(s) andfaftning
that to one part of our formerly menti~
on’dexat ballance (which turns with the
324,part of a'Grain) we put aMetalline:
counterpoife into:the oppofite Scale; and-
fo the two weights being: brought to an
Equilibrium, the ballance was convey’d
intothe Receiver,and fufpended from the
Coverof it,
“Butbefore we proceed further, we tnuft
note,- That prefently after the laying on
of the Cover, the  Bladder appear’d to
preponderate,wheteupon the Scales:being
taken out,ard reduc’d very neat to.an o8«
quilibrium, yet {o, that alictle advantage:
remain’'d onthat fide to which the  Metal -
line weight belong’d 5, they were again let
down into the Receiver,! which was pre-
{ently made faft with Plaifter, and a hot
Lron: Soopafter which, before the Pump
Teooil was
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was employ’d, the Bladder feem’d again
a lictle to prevonderate.  Afterwards
the A'rin-the Glafs being begun robe
drawnout, the Bladder began ( accordmg
to the formerly mention’d Obiervauons)
to expandit felf, and manifeftly to out-
weigh the oppoﬁte weight, = drawing
down the Scale towhich it was faftned
very much beneath the other, efpecially
when the Atr had fwell ‘d ittoits tull €X-~
tent. -

This done, we very lexfurely letn the
external Airs and-obferv’d; that: upan
thefl1 gging of the Bladder, the Scale
whereto it was faftned, not onely byide-.
greesreturn’d to anc/fqmlzérmm withthe
Other but at length:was a little’ out-
W elohed byit.

But - becaule we 4‘ufpeé’ced there
might have interven’d fome unheeded

.Circumftance in this laft-part of the Ex-

periment, we would: not prefently take
out the Scales, nor meddle with the Co-

.ver, but leavmﬂ things as they were, we

perceiv'd, that after a little while the
Bladder began again to preponderate, and
by deorees to fink lower and lower fot
divers hours s s wherefore, leaving the
Vetlel clofd up all night, we repair droit
next
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next Morning, and found the Bladder
fallen yet lower. Asifthe very fubftance
of it, had imbibed fome of the moifture
wherewith the Air (the Seafon being ve-
ty rainy) did thenabound :  As Lute-
{trings, which are made likewife of the-
Membranous parts of Gurs, ftrongly
wreath’d, are known .to {well fo much,
oftentimes as to breakin rainy and wet
weather. Which conje¢ture is the more to.
beregarded, becaufe congruoufly untoic
one of the company having alittle warm’d
the Bladder, found it then lighter then
the oppofite weight, Butthis muft be
look’d uponasa bare conjeéture, till we
can gain time to make further tryals about
it.  In the mean while we{hall adde, that
without removing the Scales or the Co-
ver of the Receiver, we again caul’d the
Airto bedrawn out (the. weather conti-
ing very moift)but found not any manifeft
alteration in the ballance; whether be-
caule the « £quilibrinm was too far loft to
let afmall change appear, we determine

not, o
But to make the Experiment witha
Body lefs apt to be altered by the tempe-
rature of the Air, thenwas the Bladder 3
webrought the Scales agun to an e Aiqus -
R librinm
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librinm with two weights, whereof the
one was of Lead,the other of Cork. And
having evacuated the Receiver,we obfet-
ved,: that both upon the exinétion, and
after the return of the Air, the Cork did
manifeftly preponderate, and much more
a while afcer the Air had been let in again,
then whilft it was keptout. - Wherefore,
in the room of the Cork, we {ubftituted
a piece of Char-coal, aslefs likely toim-
bibe any moifture from the Air, but the
event proved much the {fame with that
newly related : So that this Experiment
feems more liable to Cafualties then any,
excepting one we have made in our En-
gine. And as it is difficult to prevent
them, foit feems not very eafteto dif-
cover the caufes of them, whereof we
{hall therefore at prefent forbear mention-
ing our Conjectures. :

Ome Learned Mathematicians have of
late ingenioufly endeavored to reduce
Filters to Siphons 5 bur ftill the true caule
of  the afcenfion of Water, and other Li-
quors, bothin $#phons andin ‘Filtration,
needing (for ought we have yet found) a
clearer Difcovery and Explication , we
LU were
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were defirous to try whether or nothe
preflureof the Air might reafonably be
fuppof’d to have either the principal,or at
leaft a confiderable Intereft in the raifing
of thofe Liquors. But becaufe we found
that we could not yet fo evacuate our Re-
ceiver, but that the remaining Air;
though but little in comparifon of the
exhaufted, would be able to impell the
the Water to a greater height then is
ufual in ordinary Filtrations: we refolved,
inftead of a Lift of Cotron, or the like
Filrre, to make ufe of a Siphon of Glafs,
delineated in the third Figure, confift-
ing of three pieces, two ftraight, and
the third crooked to joyn them toge-
ther; whofe Junctures were diligently
clof’d, that no Air might finde entrance
at them. One of the Legs of this $i-
phon was (as 1t (hould be) fomewhat
longer then the other, and was pervious
at the boctom of it onely, by a hole al-
moft as {lender as a hair, that the
Water might but very leafurely drop
out of it, left it fhould all run out
before the Experiment were compleat-
ed. The other and fhorter Leg of
the Siphon was quite open at the end,

and of the fame widenefle with the
' reft
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reft of the Pipe, whofe bore was about-*
of an Inch. The whole Siphon made
ip of thefe feveral pieces put together,
was defign’d to be about a Foot and a
half long , that the remaining Air, when
the Veflel wasexhaufted after the wont-
ed manner, might not be able to impell
the Water to the top of the Siphon 5
which being inverted, was fill’d with Wa-
ter , and of which the Shorter leg being
let down two or three Inches deep into 2
Glafs Veflel fullof Water, and the up-
per parts of it being faften’d to the infide
of the Coverof the Receiver, we pro-
ceeded to clofe firft, and then to empty
the Veflel.

The effet of the tryal was this, that
till a precty quantity of Air had been
drawnout, the Water droppd freely out
at the lower end of the lower legof the
Siphon , as if the Experiment had been
performed in thefree Air. But afterwards,
the Bubbles (as had been apprehended)
beganto difclofe themfelves in the Wa-
ter, and afcending to thetop of the §7-
phon , imbodyed themfelves there into
one, which was angmented litcle by lictle
by therifing of other bubbles that from
time to time broke into it, bur much
more
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more by its ‘own ddatation, which en-
creal’d. proportionably to the exfuction
that was madeof the Air out of the Re<
ceiver. Sothat at length the Water in
the fhorter Leg of the Siphon: was re-
duc’d partly by the extraétion of the am-
bient Air, and partly by the expanfion
of thegreat Bubble at the upper parcot
the Szpl;on to be butabout a Fooc high,
if fo much; whereby it came to pafs,
that the courfe of the Water in the St
phon was interrupted, and that which res
maindin the longer Legof it, continu'd
fufpended there “without dropping any
longer. But upon the turning of the
Stop-cock, the outward Air (being let
into the Receiver) gotintothe S1phon by
the little hole at which the Wate: former.
ly dropt out s and traverfing all the in-
cumbent Cylinder of Water, intheform
of Bubbles, joyn'd it {elf withchat Air
that before poflefl’d the top of ‘the §i-
phon.

To prevent the inconveniences arifing
from thefe Bubbles,two Glafs Pipes,| like
the former, were o placed, as to termi-
nate together in the midft of the Belly of
a Glafs Viol, into whofe Neck they
were carefully faftned with Cement ; and

then




(2%6)

then both the Viols and the Pipes being
(which was:not done ‘without difficult )
totally :fill'd with Water, the Stphm
defcmbd in the fifth Rouxe was plac’d
withits fhorter Legin the Glafs of Wa.
ter; as formerly 5 and the Experiment be-
ing profecuted after the fame manner,

much more Air then  formerly was drawn

out, 'before the Bubbles difclofing them-
felves in the Water were able to difturb
the Experiment ; becaufe thatin the ca-
pacity of the Viol there was room enough
for them to ftretch themfelves, without
deprefling the Water below the ends of
the Pipes; and, during this time, the
Water continued to drop out of the pro-
pending Leg of the Siphon, But at
length the Receiver being very much em-
pryd, the paflage of the Water through
the Szphm ceal’d, the upper ends of the
Pipes beginning to appear a litcle above

the remaining Water in the Viol, whofe
dilated Alr appear'd likewile to prefs
down the Water in the Pipes, and fill the
upper part of them. And hereby the con-
tinuity of the Water, and {o the Expe-
riment it felf being interrupted, we were
invited to let in the Air again, which, ac-
cording to its various. proportions of
preflure

}

|
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preflure to that of the Air in the Viol
and the Pipes; did for 2 good.while exhis
bite a pleafing. variety of Phenomens,
which we hiye not now the. leifure to re-
cite. - Andthough upon the whole mat-
ter there {eem’d little or no caufe to
doubt, butthat, 1f the Bubbles had not
difturb’d the Experiment; it would mani»
feftly enough have appear’d that the
courfe of Water through Siphons de-
pends upon the preflure of .the Air: yet
werefolv’d,. atour next leifure and con-
veniency, to: try the Experiment again,
with a quantity of Water before freed
from Bubbles by the help of the fame
Engine. ‘

-~ This occafionT have hadto take notice
of -Siphons, puts me in minde of anodde
kinde of S#phon that I cauld to be imade
a pretty while 2go; and. which has been
Aince, by anIngenious Man of Yourac-
quaintance, communicated to: divers o

thers.  The occalion was this, Anemi
nent Mathematician told me one day,that
fome inquifitive TFrench Men (whole
Names I know not) had obferv'd, Thar,
incafeone end of a{lender and perforated
Pipe of Glals be diptin Water; the Li-

S

quor
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quor will afcend to fome height in the
Pipe, though held perpendicular to the
plain of the Water. And, to fatisfie me
that he mif-related not the Experimen;
he foon -atter brought™ two or three
{mall Pipes of ‘Glafs, which gave me the
opporrunity of trying it : though I had
the lefs reafon todiftruft it; becaule I're-
member 1 had often in the long and flen-
der Pipes of fome Weather Glafles,
which I'had.caufd to -be made after a
fomewhat peculiar fathion) taken notice
of the like afcenfion of: the . Liquor,

though (prefyming it might be cafual) I
had made but httlexeﬁe&ion uponit, But
after this tryal, beginning to [uppo[e, that
though the Water in thefe Pipes that
wexebxouom me, rife not abovea quar-
terof an Im,h (xf near {o'high) yet,. if
the Pipes were made flendet enough, -the

“Water might rifeto a’ very miuch greater

height s Icaufd {everal of them to be,by

a dewerous ‘Hand, drawn out at the ﬂm e

of a Lamp , in one of which that was
salmoft incredibly {lender, we found that |
sthe Water afcended (as it were of it felf) |
five Inches by meafure, tothe no {mall
.wonder of fome famous Mathematicians,

-who were Snutators of fome of thefe
Ex-

I
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Experiments.  And this height the Wa,
ter reach’d to, though the Pipe were held
in as ereéted a poftureas wecould: For if
it were inclin’d, the Water would fill a
greater part of it, thoughnotrife higher
in it, Andwealfo found, that when the
infide of the Pipe was wetted before.
hand, the Water would rife much better
then otherways : But we cauf’d not all
our {lender Pipes to be made ftraight, but
fome of them .crooked;like Siphons : And
having immer{’d the fhorter Leg of one
of thefe into a Glafs that held fome fair
Water, we found, aswe expected, thac
the Warer arifing to thetop of the §;-
phen, thoughthat were high enough, did
of it {elf rundown the longer Leg, and
continue running like an ordinary S7phon.
The caufe of this afcenfion of the Wa-
ter, appear’d to all that were prefent fo
difficult,that I muft not ftay to enumerate
the various Conjectures that were made
at it, much le(s to examine them s efpe-
cially, having nothing but bare Conje-
¢tures to {ubftitute in the room of thofe
I donot approve, Wetry’'dindeed, by
conveying avery flender Pipe and a {mall
Veflel of Water into our Engine, whe-
ther or no the Exfuction of the ambient
- S8z A
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Air would affift us to finde' the caufe of
the afcenfion. we have been fpeaking of :

But though we imploy’d red Wine in-
ftead of Water, yet we could {carce cer=
tainly perceive thorow fo much Glafs, as

was interpo{’d betwixt our Eyes.and “the
Liquor, whathappen’dinaPipe fo {len-
der, that the rednefs of the Wine was
{carce fenfiblein it. Butas far as we could
difcern, there happen’d no great altera-
tion to the Liquor: which {feem’d the lefs
ftrange, becaufe the Spring of that Air
that might deprefs the Water in the Pipe;
was equally' debilitated with-that which
remain’d to-prefs upon the furface of the
Waterin the little Glafs.” Wherefore, in
favor of his Ingenious ConjeCture who
afcrib’d the Phienomepon; under confide-
ration to the greater preffure made upon
the Water by the Air without the Pipe,
then by that withinit, (wheére fo much of
the Water (conlifting perhaps.of Corpu-
{cles more pliant to the internal furfaces of
the Air) was contiguous to the fides) it
was fhown; that: in cafe the lictle Glafs
Veflel that held the Water,. of .which a
part afcended into the {lender Pipe, were
fo clofd,thata Man might with his mouth
fuck the Airout of | it, “the Water would
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immediately fubfide in- the {mall Pipe,
And this would indeed infer, that it af-
cended before onely by the preflure of
the incumbent Air: But that it may
(how juftly T know not) be objected,
that peradventure this would not hape
pen. in cafe the upper end of the Pipe
werein @ Zacuwm @ And that ’tis very
prooable the Water may fubfide, not
becaufe the preffure of the internal Air
is taken oft by Exf(uction, butby reafon
of the Spring of the “exrernal Air,
which impels the Water it findes in_its
way to the Cavity deferted by the
other Air, and would as well impell
the {ame Water upwards, as make it
{ubfide, if it were not for the acci:
dental pofture of the Glafles. How-
ever, having not now leifure to exa-
mine any further this Matter, I fhall
onely minde Your Lordfhip, that if
You will profecute this Speculation,
it will be pertinent to finde. out likewife,
Why the {urface of Water (as is manifeft
InPipes) ules to be concave, being des
prefl’d in the middle,-and hwhex on eve-
vy fide ? and Why leck -filver onthe
contrary, not onely the {urface is wont

AR 0
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to be very convex, or {welling, in the
middle ; but if you dip the end of ‘aflen-
der Pipe in it, the furface of the Li-
quor (as’tis call’d) will be lower within
the Pipe, then without-  'Which P/enoe-
mena, whether, andhow far, they may
be dednc’d from the Figure of the Mer-
curial Corpufcles, andthe Shape of the
Springy Particles of the Air, I willingly
leave to be confider’d

°

Experi- | QEveral ways we have met with pro-
ment 36, V9 pofid, partly by the excellent Galileo,
and partly by other ingenious Writsrs,
to'manifeft that the Air is not devoid of

W ‘ weight ; fome of thele, require the previ.
i oy ous abfence of the Air to be weighed s
o o 1and others, the violent condenfation ofit.
' But if we could lift a pair of Scales above
i | the Atmofphere, or place themina »s-
: enum, we might there weigh a parcel of
R Alr it felf, asherewe do other Bodies in
b o the Air, becaufe it would there be heavi-
i er then that which f{urrounds it, as are
grofler Bodies we commonly weigh, then
the medium or ambient Air, Where-
fore, though we have above declin’dto
affirm, that our Receiver, when emptér-‘
€dy
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ed, defervesthename of a true Vacuum;
and though we cannot yet perfectly freg
it from Aurit {elf; yet we thought fit to
try how far the Air would munifeft its
gravity in fo thin a medium, as we could
make in our Receiver, by evacnating it.
We caufd then to be blownac the Flame
of a Lamp, a Glafs-bubble of about
the bignefs of a {mall Hen-egge, and of
an Ovalform, f{ave thatat oneendthere
was drawn out anexceeding flender Pipe,
that the Bubble might be Teal'dup, with
as little rarifaction as might be, of the
Alr includedin the great or ovall Cavi-
ty of it. /This Gldfs being feal’d, was fa-'
ftened to one of the Scales of the exa
pair of Ballances formerly mention’d 5
and being counterpoif d with a weight of
Lead, was convey ’d into the RGLGLVCI

and clof*dup init. The Beam ﬂppemng
to continue Horizontal, the Pump was fet
awork, and there {carce paft above two
or three Exfutions of the Air, before
the Ballance loft its o&quilibrium , and
began to incline to that {ide on which
Lhe Bubble was ; which, as the Air was
furcher and further drawn out,. did mani-
teftly more and more preponderate, till
he that pump’d began to grow w car y of

54 his

({)
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his Tmployment : after which the aire be-
‘ing leafurely let in againe , the fcales by

degrees returned to their former A quili-

\ brigm.\After that we tooke them out;and

cafting into thar feale to which' the lead
belong’d three quarters of agrain, we
convey’d the ballance into the Recel-
ver, which being clofed up, and exhau-
fted as before , we obferv’d, that as the
aire was drawne out more and more , {0
the glafle bubble came neererand neer-
er to an eFquilibrium with the other
weight , till at length the beame was
drawne to hang horizontall ; which (as
we had found by another uyall) wee
could not bring it to do, when a quar-
ter of a Grame more was added to
the fcale, to which the lead belong’d:
though it feem’d queftionlefle, that if
wee could have perfeétly empty’d the
Receiver of the contain’d aire, that in-
cluded in the bubble would have weigh-
ed above a grain, notwithftanding its
having been probably fomewhat Rari-
fy’d by the flame by the help of which,

the bubble was feald up. Let us adde

that on the regrefle of the excluded
air, the Lead,and the weight caft inug the
ame




(375)
{ame fcale, 'did againe very much pre”
ponderate .= - Ml -

We likewife convey’d into the Re-
ceiver, ‘the fame bubble, opend at
the end of the'flender pipe above men-
tioned, but having drawne out the aire,
after the accultomed manner, we found
not as before, the bubble to out-weigh:
the oppofite lead, fo that by the help
of our Engine, we canweighthe Airey
as we weigh other Bodies , in its na+
turall or ordinary confiftence, without
at all condenfing it: Nay , which is re-
markable, having convey’d a Lamb’s
bladder about halfe full of Aire into the
Receiver , wee oblerved, that though
upon the drawing out of the ambient
are the imprifoned Air {o expanded
it felf, as todiftend the Bladder {o, as to
fgem ready to break it; yet this rarified
(Air did manifeftly deprefs the Scale
whereunto it was annexed.

Another thing, we muft not forget to
mécion,thathappend to us,whil’ft we were
making tryals cocerning the weight of the
Air; namely, That having once caufd the

Pump
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Pump tobe fomewhat obftinately ply’d,
todifcover the better what may be ex-
pe&ed from the thinnefs of the medium
in this Experiment 5 the Imprifon’d Air
brokeits brittle Prifon, and throwing the
greateft partof it againft the fide of the
Receiver,dafh’d ir againit that thick Glafs
into amultitude of pieces. Which Acci-
dent I mention, partly that it may con-
firm what we deliver’d in our Refleétions,
upon the firft Experiment, where we con-
fider’d what would probably be done by
the Spring of the Air Imprifon'd in {uch
Glaffes, in cafe the ballancing preflure of
the :ambient Air ‘were withdrawn; and
partly, that we may thence difcern of how
clofe a Texture Glafs is, fince {o very
thina film of Glafs (if I may fo callit)
prov’d fo impervious to the Air, that it
could not get away through the Pores,
but was forc’'d to break the glafs in pieces

‘tofreeit felf; andthis, notwithftanding

the time and advantage it had totry to
getout at the Pores. And this I mention,

-that neither our Experiments, nor thofe

of divers Learned Men, might receive
any prejudice from an Experiment which
I happen’d to make divers years 2go, and,
‘which having been {o much mkc‘unotic&;
Of
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of by curious Men, may be drawn to
countenance their erroneous Opinion,who
would fain perfwade us, That Glafs is
penetrable by Air properly fo called. Our
Experiment was briefly this: We were
diftilling a certain {ubftance, that much a-
bounded with {ubtle Spirits and volatile
Salt, inaftrong Earthen-veflel of anun-
ufual fhape, to which was luted a large
Receiver, made of the courfer fort of
Glafs, (which the Trades-men are wont
to call Green-glafs) but in our abfence,
the Fire,thoughit wereto be very ftrong,
was by the negligence or miftake of thofe
we appointed to attend it, fo exceflively
increaf*d, that when we came back to the
Fornace we found the Spirituous and Sa-
line Corpufcles pour’d out (if I may fo
callit) fohot, and fo copioufly into the
Receiver, that they madeitall opacous,
and more likely to fliein pieces, then fit
to be touch’d. Yet, being curious to ob-
ferve theeffets of a Diftillation, profe-
cuted with fo intenfe and unufual degree
of heat, weventur’d to come near, and
obferv’d,among other things, that on the
out-fide of the Receiver, at a great di-
ftance from the junéture, there was fetled
a round whitifh Spot or two, whiclzi a{t*::
r
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firft we thought might be forne ftainup-
on the Glafs; but after, finding it to
be " in divers Qualities  like  the Oyl
and Salt of the Concrete we were Di-
ftilling; "we began to {ulpeét that the
moft fubtle and fugitive parts of the im.
petuoufly. afcending Steams, had pene-
trated the {ubftance (asthey fpeak) of
the Glafs, and by the cold of the am-
bient ‘Air were condend on the fur-
face of it. And though we were ve-
vy backward to credit this {ufpition, and
therefore call'd in an Ingenions Perfon
or two, both to affift us in the Ob.
{ervation, and have Witnels of its e-
vent, we continued 2 while longer to
watch the efcape of (uch unétuous Fumes,
and upon the whole matter unanimoufly
concluded , That all things confider d,
the fubtle parts of the diftill'd mateer
being violently agitated, by the excef-
five heat had pafi’d through the Pores
of the Glafs, widen'd by the fame heat,
But this having never happen'd bue
once in any of the Diftillations we have
either made or feen, though thefe be
not 2 few, it is much more reafonable
to fuppofe, that the pervioufnels of
our Regeiver to 3 Body much more
; A, e fubtle
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fubtle then Air, proceeded partly from
the loofer Texture of that pareicular
parcel .of Glafs the Receiver was made
of (for Experience has tangheus;- that
all Glafs 1s notcof: the {ame compact-
nefs and folidityy ‘and partly -from the
enormous heat, which, together with
the vehement “agitation of - the .pene-
trant. Spirits ; open’d the Parésiof the
Glafs; then to imagine that. fuch a
fubftance as Air, fhould .beable toper~
nieate the Body of Glafs contrary to
the reftimony of a. thoufand, Chymical
and::Mechanical ' Experiments ; -and .of
many of jthofe. made: in our. Engine, e.

fpecially that newly. recitedi:; May,. by -

our :fifth Experimeat it appears; that
a thin Bladder will--not :ar-its Pores
give paflage even to rarified Aw. "And
on this occafion we will annex an Ex-
periment, which has made  fome of
thofé¢ we have acquainted = with it,
donbt, whether the Corpufcles of the
Air - be not lefle fubtle then thofe of
‘Water. sl oyl

But without examining.-here the
reafonablenefle of that doubt, we will
proceed to recite the Experiment it felf,
which feems co teach, That though Ahir,
i when
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when fufficiently comprefl'd, may pers
chance getentrance into narrower holes
and crannies then Water 5 yetunle(s the
Air beforc’'d inat fuch very little holes,
it willnot get in at them; though they
may be big' enough to let Water pafs
through: them.

~The Experiment then was this: Itook
a:fair ‘Glafs' Siphon; the lower end of
whofelongeft Leg was drawn by degrees
to fuch aflendernefs, ‘thac the Orifice, at
which the Water was to fall out, would
hardly admit a very {mall Pin : This Si-
phon being inverted; .the matter was. fo
order’d, “thatalittle Bubble of Air was

‘intercepted :in the flendereft part of the

Siphon,betwixt the little hole newly men-
tion’d, and the incumbent Water, upon
which, -it-Came to pafs, that the Air be-
ing-not to be forc’'d through {o narrow a
paffaoe by folighta Cylinder of Water,
though amountmg to thelength of divers
Inches, as lean'd upon it, hinder'd the
further Efflux of the Water, as long as I
pleal’d to let it ftay in that narrow place :
whereas, -when by blowing a littleat the
widerend of the Siphon, tha lictle par-
cel of Airwas forc'd out with fome Wa-
ter, the remaining Water, that before
con-
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continwd fufpended, beganfreely to drop
down again as formerly.  And if you
takea Glafs Pipe, whether it bein.the
form of a Siphon, or no, that being for
the moft partof the thicknefs of a Mans
Finger, is yet towards oneend fo flen-
der, as to terminate ina hole almoft as
{mall as a Horfe-hair 5 and if youfill this
Pipe with Water, youwill finde that Li-
quor to drop down fieely enough tho-
row the {lender Extream : But if you then
invert the Pipe, vou will finde that the
Air will not eafily get in-at the fame hole
through which the Water paff’d. Forin
the {}\axp end of the Pipe, fome Inches
of Water will remain {ufpended, which
’tis probable would not happen, if ‘the
Air could getin to fucceedit, fince if the
hole were a little wider, the Water would
immediatly fubfide. And though it be
true, thatif thePipebeof the lenoth of
many Inches, agreat part of the Wa-
ter will run down at the wider Orifice,yet
that feems £0 happen tor fome other rea-
fon, then becaufe the Airfucceeds it at
the upperand narrow Orifice, finceall the-
flender part of the Pipe, “and perhaps
fome Inches more, will continue full of
W”tter.

And
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-, And on thisoccafion I rememiber, that
whereas it appears by our fifth Experi-
ment, Thatché Aérial Corpufcles (ex-
cept perhaps fome that are extraordinari-
ly fine) will not paffe thorow the Pores
of aLlambs Bladder,yet Particles of Wa-
ter will, as we'have long fince obfervd,
and as may be eafily try’d, by very clofe-
ly tying a little Alcalizate Salt (weul'd
the Calx of Tartar, made with Nitre)
ina fine Bladder, and dipping the lower
end of the Bladder in Water; for if you
hold it there for a competent.while, you
will finde that there will ftrain thorow the
Poresof the Bladder Water enoughto
diffolve the Salt into a Liquor-

- ButIfee I am {lipt into a Digreflion,
wherefore I will not examine, whether,
the Experiment I have related, proceed-
ed from hence, That the {pringy Texture
of the Corpufcles of the Air, makes
them lefs ape to yield and accommodate
themfelves eafily to the narrow . Pores of
Bodies, then the more flexible Particles
of -Water ; -or whether it may more pro-
babiy beafcrib’d to {fome other Caule.
Nor will Iftay to confider how far we may
hence be affifted to ghefs at the caufe of
the alcenfion of Water in the {lender
' Pipes,
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Pipes and Siphons formerly mention’d,
but will return to our Bubble and take
notice, That we thought fic alfo to en-
deavor to meafure the capacity of the
Bubble we had made ufe of, by filling
it with Water, that we might the better
know how much Water an{wered in
weight to 2 of a Grainof Airs butnot-
withftanding all the diligence that was
uled to preferve fo brictle a Veflel, it
broke before we could perfe¢t what we
were about, and we were not then pro-
vided of another Bubble fit for our
turn.

The hafte Iwas in, My Lord, when I
{ent away the laft Sheet, made me forget
to take notice toyou of a Problem that
occurr’d to my thoughts, upon the oc-
cafion of the {low breaking of the Gla(s
Bubble in our evacuated Receiver. For
it may feem ftrange, fince by our fixth
Experiment it appears,that the Air, when
permitted,will by its own internal Spring
expand it {elfe twice as much as ter-
[ennus was able to expand it , by the
heat even of a candent e£olipsle: Yet
the Elater of the Air was {carce able to
break avery thin Glafs Bubble, and ut-

T terly
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terly unable to break one fomewhat -thic-

ker, within whole cavity it was impri-

fon’d whereas Air pentup and agitated

by heat is able to perform fo much more

confiderable effects, that (not to mention

thofe of :Raretation that are- more obvi-

~ous)) theLearned Jefuit Cabens (he that

: Ntk ywrie of the: Load-frone) relates, That he

s A-(*Wd Marble Pillar (fo 'vaft, that three

rifer: mer togéther-with dl(mlay d arms :could

not Imbracesit, and thattooo Y oke of

©Oxen dfawing it {everaloways -with all

thw {henmh could mow have torn 1t

aflunder) quite broken oft in the midft;

by reafon of fome Wood, which hap-

pening td be burnt juft by the P; llar, ‘the

heat proceeding from’ the neighboring

i Fire, forarified fome Air or Spirituous

B G Matter which was fhut . uprinthe cavities

o & of theMarble, thatit broke through the

: folid Body of the Stone: to obtain room
4 to expand it {eif. ;

W : Iremémber'I have taken notice. thA
98 probably the reafon why theincluded Aip
' cidnot break the hermetically-feal’ dBub~
bles thatremain’d intire in-our emptyed
Receiver,was, That the Air,being fome-
what rarefred: by the Flame imploy’d to
clofe the Glafs, its Spring, supon the. re-
. cels
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cefs of the heat, grew weaker then before,
But theugh “ere)eé‘t not that ghefs, yet
it will sot in the prefent cafe ferve the
turn, becaufe that much {maller Gla(s
bubbles exaétly clof'd, will, by the in-
cluded Air. (though agitated but by the
heat of avery moderate Fire) be made
to fly in pieces. Whether we may be
affifted to falve this Problem, by confi-
dering that the heat does from within ve-
hemencly agitate the Corpulcles of the
Air, andadde its affiftance to the Spring
they had before, I fhall not now examine:
{ince I here but propofea Probl m, and
that chiefly that by this memorable Story
of Cabans, notice may be takenof the
prodigious power of Rarefaction, which
hereby appears capable of performing
ftranger things then any of our Experi.
ments have hitherto alcrib'd to it.

We thould hence, My Lord, imme=
diatly proceed to the next Pxpeument
but that we-think it fit, onthis occafion,
toacquaint You with what {ome formet
tryals (though not made in our Engine)
have taught us, concerning what we
would have difcover'd by the newly
mention’d Bubble thatbroke. Andthis
the rather, becaule (a great part of this

T2 Letter
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letter fuppofing the gravity of the Aire)
it will not be impertinent to determine
more particularly then hitherto we have
done, what gravity we afcribe to it.

Ve tooke then an e/folgpzle made of
copper,weighing {ix ounces,five drachms,
and eight and torty graines : this being
mnace as hot as we durft make it (for feare
of melting the mettle, oratleaft the So-
dar ) was removed from the fire and im-
mediately ftopped with® hard wax that no
Awre at all might get in at the litdle
hole wont to be left in e£olipiles for the
fumes to iffue outat: Then the £ olipile
being fuffer’d leafurely to coole was again
weighed together with the wax that ftopt
it, and was found toweigh ( by reafon of
the additionall weight of the wax ) fix
ounces , {ixe drachmes, and 39 graines.
Laftly, the wax being perforated without
taking any of it out of the Scale, the
externall Aire was fuffered to rufh in
( which it didwith fome noyfe )'and then
the o£olipsle and wax , being againe
weighed amounted to {ix ounces, fix
drachmes, and 50. graines. So that the
efoliptle freed as farre as our fire could
fiee it, from it's Aire,weighedlefle then

it
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it {elfe when replenifhed with Air, full
eleven graines, That is,the Air contain-
able within the cavity of the «£olipsle a-
mounted to eleven graines and {fomewhat
more; I{ay fomewhat more, becaufe of
the particles of the Aur, that were not
driven by the fire out of the e £olipile,
And by theway (if there be no mftake
in the obfervations of the diligent <Izer-
fennus )it may feeme ftrange that it thould
fo much differ from 2. or 3. of ourss in
none of which we could rarifie the Air in
our Aolipile(though made red hot almoft
all over, and {o immediately plung’d into
cold water ) to halfe that degree which he
mentions, namely to 70, times it’s natu-
rall extent, unlefle it were that the «40-
lipile he imploy’'d was able to f{uftaine
a more vehement heat then ours (which
yet we kept in fo great an one , that once
the foder melting, it fell alunder into the
two Hemifpheres it confifts of.)

Thefore-mentioned wayof weighing
the Air by the help of an £olipile {eems
fomewhat more exact then that which
Merfennus ufed,In chat in ours the e £oli-
psle wasnot weighed, till it was cold 5
whereas in his, being weighed red hoe, it

13 15
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fubject to loofe of ivs {ubftancein the
cooling,for (as we have elfewhere noted
on another occafion ) Copper heated red
hot is wont in the cooltng to:throw off
little thin {cales in fuch plency,that having
purpofely watcht a Copper «£olrpile du-
ring Its refrigeration , we have {een the
place round about it almoft covered with
thofe little {cales it had every way fcat-
ter’d : which, however they amount not
tomuch, ought not to be over-looked,

when ’tis folxghta body as Air, that is
to be weighed.- We will not examine,
whether the Aolipsle in cooling may not
receive fome little increment of weight,
either from the vapid or faline Steames
that wander up and downe in the Air: Bue
we will rather mention,that (for the grea-
ter exaétnefle ) we imployed to weigh our
e&olipile, both whea fill'd onely with Air
and when replenifht with Water , a paire
of {cales that would turne (as they fpeak)
with the fourth part of a grain,

. As to the proportion of weight be-
gwixt Air and Water, fome learned men
have attempted it by wayes fo unaccurate
thatthey feeme to have much miftaken

. For( not tomention the improbable
accounts of Kepler and-others.) The Iear{i
ne
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ned and diligént Ricciolns , having purs
pafely endeavoured to inveft gate this
proportion by meanes of a thin blad-
der , eftimates the weight of the Air to
that of the Water to be as one to ten

thoufand,or thereabouts. And indeed I re=
member that having formerly, on a cer-
tain occafion, w €l°h€0 alarge bladder full
of Air, and found it when the Airwas all
fqueefed out, to have contained fourteen
graines of Air. Ifound the {ame bladder
afterwards fill'd with water to containe
very neer 14. pound of thatliquor: accor-
ding to which account, the proportion of
Airto Water wasalmoftas a graine to a
pound, that is, as one to 2bove 7600. To
this we may adde, that on the other {ide,
Galilco himfelfe uling another, but an un-
accurate way too, defined the Air to be
in weight to Water, but as one to 4.hun-
dred. But the way founerxv propofed of
wexgnmﬂ the Airby an Eotzpz/e {eemes
py great oddes more exact; and(as farre
s we could ghefle ) feemed to agree well
enovv‘u with the experiment made in our
E\cccwe W herefore it will be beftto
truftour /anp;le irtheenquiry we are a-
bout, and according to our obfervations
zhe watey it contained amountifg to one
1 4 qﬂd
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and twenty ounces and an halfe, and as
mauch Air as was requifite to fill ic wemgh,
ing eleven graines, the proportion in gra-
Vity of Air to \/VutPr of the fame bulk
will be as one to 938. And though we
could not fill the mo/zpzfe with water , {o
exa@ly as we woulg, yet in 1eoard we
could not either as perfeétly as we would
drivethe Air out of it by heit s we think
the proportion may well enough hold:
but thofe that are delighted with round
numbers ( as the phrafeis) will not be
much miftaken if they reckon water to be
neere a thoufand times heavier than Air.
And (for further proof that we have made
the proportion betwixt thefe two bodies
rather greater then lefler then indeed it iss
and alfo to confirme our former obferva-
tion of the weight of the Airjwe will adde,
That,having another time put fome Wa-
ter into the AEolzpile before we fet it on
the fire,that the copious vapours of the
rarefied liquor might the better drive out
the Air , we found, upon tryall caretully
made,that when the £olipile was refrige-
rated, and theincluded vapours were by
the cold turned againe into water ( which
could not have happen’d to the Air , that
the precéeding Sapams expell’'d ) the %u,
when
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hen it was let in, increal*d the weight of
the «£olipile as much as before, namely,
Eleven Grains 5 though there were alrea-
dy init twelve Drachmes and a half, be-
fidesa couple of Grains of Water, which
remain’d of that we had formerly put in-
to it to drive out the Air.

wMer[ennus indeed tells us, that by his
account Airisin weighe to Water, as 1 to
1356. Andadds, that we may, without
any danger, believe that the gravity of
Water to that of Air of a likebulk, is
not lefs thenof 1300to 1. And confe.
quently, that the quantity of Airto 2
quantity of Water equiponderant there-
to, isas 1300 to 1, But why we fhould
relinquith our own carefully repeated try-
als, Ifeenot, YetIam unwilling tore-
ject thofe of fo accurate and uleful a Wri-
ter : And therefore fhall propofe a way
of reconciling our differing Obfervations,
by prefenting, that the difcrepance be-
tween them may probably arife from the
differing confiftence of the Air at London
and at Parss : For our Alr being more cold
and moift, then that which Your Lord-
{hip now breaths, may be fuppof*d alfo
to bea fourth or fifth part more heavy. I
leave it to be confider’d, whether it be of
any
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dny moment thatour Obfervations were
made in the midft of Winter, whereas his
were perhaps made in fome wartner time
of ithe Year.  ButI thinkit were not a-
mifs that, by the method formerly pro-
pof’d, the gravity of the Air were ob-
ferv'd both in feveral C ountries, and in
the {ame Countiy, in the {everal Seafons
of the Year and differing T emperatures of
the Weather. And Iwould give {ome-
thing of value to know the weight of {uch
an £olipile as ours full of air in the midft
of ‘Winterin.Nova Zembla, if that be
true which we formerly took sotice of;
namely, Thatthe Hollanders, who Win.
tered there, found that Air fo thick that
their Clock would not go.

If Your Lordfhip (hould now ask me,

if T could not by the help of thefe, and
our other Obfervations, decide the Con-

.troverfies of our Modern Mathematici-

ans about the height of the Airor Atmo-
{phere, by detexmmmo how high itdoth
indeed reach: I fhould "ntwer That
thoughit feems eafie enough to fhew that
divers Famous and Applauded Writers
have been miftaken in affigning the heigth
of ‘the Atmofphere: Yet it{eems very
difficuleprecifely to define of what heighe

Y
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it is» And becanfe we have hitherto but
lightly touch’d upon amatterof fuch im+
portance,we prefume it wil notbethoughe
impértinent, uponthisoccafiony toannex
fomething towards the Elucidation of
it

What we have already try'd and newly
fec down, allows us to take it for granted,
that (at-leaft about. London) the. propor-
tion of . gravity betwixt Water andAir,
ot equal bulk, is as of a thoufand to
one, S :

The next thing therefore' that weare
to enquire after, in order to our prefent
defign, isthedifference in weight betwixe
Water and Quick-filver : And though
this hath been defin’d already by the 1l-
luftrious »erulam, and{ome other inqui-
fitive Perfons, that have compard the
weight of feveral Bodies, and caft their
Obilervations into Tables, yet we fhail
not {cruple to annex our own tryals about
it : Partly, becaufe we finde Authors
confiderably to dif-agree; partly, becaufe
we uf’d exaéter Scales, and a fomewhat
more wary method then others feem to
have done: Andpartly alfo, becaufe ha-
ving profecuted our inquiry by two or
three feveral ways; the {imall difference

bes
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between the events may affure us that we
were not much miftaken.

~ We took thena Glafs Pipe, of the
form of aninverted Siphon, whofe fhape
is delineated in the fixteenth Figure: And
pourng into it a quantity of Quick filver,
weheld it fo, that the luperficies of the
Liquor, both in the longer and fhorter
leg, layina Horizontal Line, denoted in
the Scheme by the prick’d Line E F 5 then
pouring Water into the longer Leg of the
.S:plmn, till that was almoft fill’d, we ob-
ferv'd the furface of the Quick-filver in
that leg to be, by the weight of the Wa-
ter, dep1 efl’ d as from EtoB; and in
the fhorter Ie to be as much unpell’d
upward as from E to G: Wheréupon ha-
ving formerly ftuck marks, as well at the
point B, asat the oppofite point D, we
meafur d both the diftance D C to have

.the height of the Cylinder of Quick-fil-

ver, which was raif'd above the Point D
(level with the {urface of the Quick-filver
in the other leg)by the weight of the Wa-
ter, andthe diftance B A which gave us
the height of the Cylinder of Water. So
that the diftance D C amounting to 2%
Inches; and the height of the Water a-
mounting 30Z Inches ; and the whole
num-
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pumbers on both fides, which the annex-
ed Fractions being reduc’d to improper
Fractions of the fame denomination, the
proportion appear’d to be (the denomi-
nators beng left out as equal on both fides)
as 12110 1665 5 or by reduction, as one
to 135, :

Befides this unufual way of determi-
ning the gravity of fome things, we mea
{ur’d the proportion betwixt Quick-filver
and Water, by the help of fo exactabal=
lance, as loofes its e£quilibrium by the
hundredth part of a Grain. But becaufe
there is wont to be committed an.over=
fight in weighing Quick-filver and Wa-
ter, efpecially if the Orifice of the Veflel
wherein they are put be any thing wide,in
regard that men heed not that the {urface
of Water in Veflels will be concave,
but that of Quick-filver,notably convex
or protuberant: To avoid this ufual over-
fight (I {ay)we made ufe of a glafs bubble,
blown very thin at the Flame ofa Lamp,
that 1t might not be too heavy for the
Ballance,and terminating ina very flender
neck, wherein the concavity or convexity
of a Liquor could not be confiderable:
This Glafs weighing 2 3 ~ Grains,we fill'd

almoft
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almoft with Quick-filver;: and faftning 3
mark-over againft the middle of the pro=
tuberanc: Superficies:as :near as our Eyeg
could judge, we found that the ‘Quick-
filveralone weighed 2997 Grains: Then
the Quick-filver being: pour'd. out, -and
thefame Glals being fill’d as full of coms
mon Water , we found the Liquor to
weigh 212 Grains.:: Whereby it appear'd
that the weight of Water to Quick-
filver,:is as one to 13%: Though our'Ii-
luftrious: #erulam ~(queftionlefs not for
want of Judgement or Care, but of ex-
act Inftruhents) makes the proportion
betwixt ‘thofe two Liquors to be greater
then of xitor 17. ' Andito adde, that up-
on the by, fince Quick-filver and well
rectified Spirit of Wine, are (how juftly
I {ay not ). accounted, the :one the hea-
vieft, and the other:the lighteft of Li-
quors 5. we- thought to fill in the fame
Glafs; -and with the fame Scales to ob-
{erve the difference betwixt them, which
we foundto be asof "1 to- 1655 wheres
by it-appear’d; That the difference be-
twixt Spiritof Wine, that may be made
to burn allaway, (fuch aswas ours) and
common Water;is as.betwixe 5 and 17 -

We
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We might here take occafion toad-
mire, that though Water (as appear’d by
the Experiment formerly. mention’d: of
the Pewter Veflel) feems not capable of
any confiderable condenfation, and feems
not to have interfper{’din it any ftore of
Alr 5 yet Quick-filver, of no greater bulk
then Water, thould weigh near fourteen
times as much.  But having onely point~
ed at this as a thing worthy.of confidera~:
tion, we will proceed in our inquiry after
the heigth of the Atmolphere: And:to
avoid the trouble of Fractions, we wilk
affume that Quick filver is fourteen times:
as heavy as Water, fince it wants folictle
of being fo. TRRSH FB
Wheretore having now givenus the
proportion of Air to Water, and Water
- to Quick-filver, it will be very eafie tos
finde the proporticz betwixt Air and
Quick-filver, in cafe we will fuppofe the
Atmofphere to be uniformly. of fuch &
confiftence as the Air we weighed hete

below. ', Forfince our Engine hath {affi=
ciently -manifefted that'tis the «£qnils= ;

brinm with theexternal Air, thatin the
Torricellian Experiment keeps the Quicks
filver from fubfiding; And fince, by out
accurate Experiment formerly mention’d,
it

S g i T
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it appears that a Cylinder of Mercury,
able to ballance a Cylinder of the whole
Armofphere, amounted to near about
thirty Inchess and fince , confequently
we may aflume the proportion of Quick-
filver to Air to be as fourteen thoufand to
cne ; it will follow, that a Cylinder of
Air, capable to maintain an «£quilibriam,
with a Mercurial Cylinder of two Foot
and an half in height, muft amountto
35000 Feet of our Englith Meafure,
and confequently (reckoning five Foor
to a Geometrical Pace, and one thoufand
fuch Paces to a3 Mile) to feven full
Miles.
But this (as we lately intimated) pro-
ceeds upon the fuppofition, that the Air
: is every where of the fame confiftence
W that we found it near the furface of the
B i Earth s buc that cannot with any fafety
| be concluded, not onely for the reafon I
! finde to have been taken notice of by the
R , Antients, and thus expreft in Sencca :
e 4 Sence:Nat: Omnis Aer (fayshe) quopropior eft rerris
flak i quefl:lib.4. hoc crafsior | quemadmodum in aqua & in |
: 01 omni humore fax imacft, itain Aére [pif-
fiffimaquay, defidupts but much more,
. becaufe the {pringy Texture of the Aérial
Corpufcles , makes them capable of a
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very great compreffion, which the weight
of the incumbent part of the Atmo-
{phere is very {ufficient to give thofe that
be undermoft and near the {urface of the
Earth.  Andif werecall to minde thofe
former Experiments, whereby we have
manifefted, That Air, much rarefied with-
out heat, may eafily admit a further ra-
refaction from heat;and that the Air,even
without being expanded by heat, is capa-
ble of being rarefied to above one hundred
and fifty times the extent it ufually pof-
{efles here below; How canit bedemon-
firated that the Atmo(phere may not, for
ought we know, or at leaft for ought cant
be determin’d by our Statical and Mecha-
nical Experiments, rife to the height of
Five and twenty German Leagues, if not
of fome hundred of common Miles ¢
And this conjecture it felf may appear
very injurious to the height whereunto

- Exhalations may afcend, it we will allow Ricciot:

that there was no miftake in that ftrange

Obfervation made at Tolows in a clear . b, 1o.
Mightin <Auguft, by the diligent Ma-fcm.

thematician Emannel Magnan, and thus

Recorded by Ricciolus, (for Ihave notat lib. 1. Pei-

hand the Authors own Book) #idis ( fayS{/"E.&’-’ i

he) ab hora nudecima poft meridicnms uf, adyip: 33,
v ,

wediam
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mediam noltem  Lund infra horizoniem
pofita, nubeculam quandam lucidam prope
Meridianum fere ufque ad Lenith d:ﬁufam
que confideratis omnibus non poterar mifi &
fole illuminari; ideoque altior effe debuit
tota umbraterr e Addit(continues Ricci-
olus) [imile quid eventfJe Michaeli Angelo
Riccio apud Sabinos verfanti nempe viro
in Mathefi ernditi[simo.

Various Obfervations made at the
feet, tops,and interjacent parts of high
Mounfams might perchance {omewhat
affift us to make an eftimate in what pro-
portion, if in any certain one, the higher
Air is thicker then the lower, and ghefs
at the dif-form confiftence, as to laxity
and compadine(s of.the Air at fevera
diftances from us. And if the difficul-
ties about the refra&tions of. the Celeftial
Lights, were fatistactorily determin’d,
tbit might alfo much conduce to the pla~
cing due limits to the Atmolphere(whofe
Dimenfions thofe Obfervations about
Refracions feem hitherco much to con-
tra¢t.) DBut for the prefent we dare not
pronounce 2ny thing peremptorily con-
cerning the height of ity but leaveitto
further inquiry : contenting our felves to
have manifefted the muftake of divers
eminent
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eminent Modern Writers, who will not
allow the Atmofphere to exceed above
two or three Miles in height (as the Fa-
mous Kepler will not the 4ér refractivus)
and to have rendred areafon why in the
mention we made in the Notes uponthe
firft Experiment, touching the height of
the Atmofphere,we {crupled not to {peak
ofit, as if it might be many Miles high.

‘\/‘;‘/ E will now proceed to recite a
Phenomenon , which, though
made amongft the firft, we thought fit
not to mention till after many others,that
we might have the opportunity to ob-
{erve as many Circumftances of it as we
could, andfo prefent Your Lordthip ac
once, moft of what we at {everal times
have taken notice of concerning fo odde
a Phanomenon,

Ouwr Engine had not beenlong finifh’d,
when, at the firft leafure we could fteal
from our occafions to make tryal of ir,
we cauf’d the Air to be pump’d out of
the Receiver 5 and whil’ft Twas bufiedin
entertaining a Learned Friend thar juft
thencame to vifit me, an Ingenious By-

\ a2 {Fandey
¥ - wander
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ftander, thought he perceiv’d fome new
kind of Light in the Receiver, of which
giving me h“{hly notice, my Friend and
Ipxeiemly obferv’d, that when the Suc-
ker was drawn down immediately upon
the turning of the Ixey, there appear’d
a kindeof Light inthe Receiver, almoft
like a faint fafh of Lightening in the
Day-time, and almoft as fuc iden] ly didit
appear and vanifh. Having, not with-
out fome amazement, obferv'd divers

" of thefe Apparitions of Light , wetook

notice that the Day was clear, the hour
about tenin the Morning, that the onely
Windowin the Room fac'd the North s
and alfo, that by interpofing a Cloak, or
any opacous Body between the Receiver
and the Window, thoughtherelt of the
Room were fuﬂlcuntly enlightned, yer
the flathes did not appear as before, un-
lefs the opacous Body were 1emovd
But not being able on all thefe Circum-
ftances to gxound any firm Conjecture
at che caufe of this furprifing Phenome-
non, as foon as Night was come, we
made the Room very dark 5 and plying
the Pump, asin the Morning, we could
not, though we often try’d, find, upon
the turning of the Key, fo much as the
leaft
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leaft glimmering of Light 5 whence we
inferr’d, that the flath appearing in the
Recelver did not proceed from any new
Light generated there, but from {ome
refletions of the ltht of the Sun, or
other Luminous Bodies placd without
it 5 though whence that Reflection
fhould proceed, it pofd us to conje-
¢ture,

Wheretore the next Morning, ho-
ping to inform our felves better, we
went about to repeat the Experimenc
but thoughwe could as well as former-
ly exhauft the Receiver though the
place wherein we made the tryal was the
very fame s and though other Circuima
ftances were renemblmc yet we could

not difcover the leaft appearance of

Light all that Day, nor on divers c-
thers on which tryal was again fruitle(-
ly thade ; norcan we to thus very time
be fure a Day before-hand that thefe
Flathes will be to be feen in omr great
Receiver. Nay, having once found the
Engine in a 0ood humour (if I may
{o 1pmk) to heV» this trick, and fent
notice of it to our Learned Friend
Doéor wallis ; who exprefl'd a great
V 3 c.dne
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defire to fee this Phenomenon, though he
were pot then above a Bow.(hoot off, and
made hafte to fatisfie his Curiofity ; yet
by that time he was come, the thing he
came for was no longer to be feens fo
that having vainly endeavored to exhibit
again the Phenomenon in his prefence, I
began to apprehend what he might think
of me, when unexpe&edly the Engine
prefented us a flafh,and after that a fecond,
and as many morve, as fufficdto futisfie
him that we might very well confidently
relate, that we have our felves {een this
Phanemenon t‘noug'n not confidently pro-
mife to fhew it others.

And this unfuccefsfulne(s whereto our
Experiment is lyable, being {uch, that by
ail our warchfulnefsand tryals, we could
never reduce it to any certain Rules or
Obfervations, fince inall conftitutions
of the Weather, times of the Day, ¢.
it will fometimes an{wer, and {fometimes
dif-appoint our Expectations; We are
much difcourag’d from venturing to frame
an Hypethefis to give an account of it :
which if the Experiment did conftantly
fucceed, might the more hopefully be at-
i‘ﬂnpu\,-, by the help of the following

Phanomena lald together : fome of them

pro-
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produe’d” upon tryals purpofely made
to examine thevalidity of the conjectures,
otber tryals had {uggefted.

Firft then we obfervid, that the Appa-‘
rition of Light may be ‘made as well by
Candle- lwht, as by Day-light; and in
whatever poﬁtion the Candle be held, in
reference to the Receiver, as on this or
that hand of it, aboveit, beneath it, or
any other way, provided the Beams of
Light be not hinder'd from falling upon
the Veflel.

Next, we noted that the flath appears
immediately upon the turning of the
Key, to let the Airout of the Receiver
into the empty’d Cylinder, in fo much
that I remember not that when at any
time in our great Receiver, the Stop cock
was open’d before the Cylinder was ex-
haafted (whereby it came to pafs that the
Airdidracher defcend, then ruthinto the
Cylinder) the often mention’d faih ap-
pear’d to our eyes.

Yet, we further obierv’d, that when in-
ftead of the great Receiver we made ufe
of a fmall Glafs, not containing abovea
poundand a halt of Water, the Pheno-
menon might be exhibited though the
Stop-cock were open, provided the
V 4 Sucker
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Sucker were drawn nimbly down:

We noted too, that when we began to
empty the Recewver, the appearances of
Light were much more confpicuous
then towards the latter end, when little
Aur at a time could pafs out of the Re-
ceiver.

Weobferv'd alfo, that when the-Suc-
ker had not been long before well Oyl’d,
and inftead of the great Receiver, the
{maller Veflel above-mention’d was em.
ploy’d, We obferv'd, I fay, that then,
upon the opening of the Stop-cock, as
the Air defcended out of the Glafs in-
to the empty’d Cylinder, {o at the {ame
time there afcended out of the Cylinder
into the Veflel a certain Steam, which
feem’d to confift of very little Bubbles,
or other minute Corpufcles thrown up
from the Oyl, rarefied by the attrition it
{uffered in the Cylinder. TFor at the
{fame time that thele Steams afcended
into the Glals, {ome of the {famekinde
manifeftly iffued out like a little Pillar.of
Smokeat the Orifice of the Valve, when
that was occafionally open’d.  And thefe
Steams frequently enough prefenting
themfelves to our view, we found, by
expoling the Glafs toa clear Light, that

they
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they were wont to play up and down
init, and fo by their whiteithnefs, to e-
mulate in fome meafure the apparition of
Light.

For we likewife fometimes found, by
watchful obfervation, that when the
Flafth was great, not onely at the very
inftant the Receiver loft of its tranfpa-
rency, by appearing full of fome kinde
of whitifh {ubftance; but that for fome
fhort time after the fides of the Glafs
continued fomewhat opacous , and
feem’d to be darken'd, as if fome
whitith Steam adher'd to the infide of
them.

He that would render a Reafon of
the Phenomenon, whereof all thefe are
not all the Circumftances , muft doe
two things ; whereof the one is diffi-
cult, and the other little lefs then im-
poffible: For he muft give an Ac-
count not onely whence the appearing
whitene(s proceeds, but wherefore that
whitenefs does fometimes appear and
fometimes not.

For our part, we freely confefle
ow felves at a lofle about rendering
aRea-
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a Reafon of the lefs difficult part of the
Problem: And though Your Loxd-
thip thould ev’n prefs us to declare what
Conjecture it was, that the above-recited
Circumf{tances fuggefted tous, we (hould
propofe the thoughts we then. had, no o-
therwife then as bare Conjectures.

In cafe then our Phenomenon had con-
ftantly and uniformly appear’d, we thould
have fufpeéted it to have been produc’d
atter fome fuch manner as follows,

Tirft, we obferv'd that, though that
which we {aw in our Recewver feem’d to
be fome kinde of Light, yet it was indeed
but a whitenefs which did (as hath alrea-
dy been noted) opacate (as fome {peak)
the infide of the Glafs.

Next we confider’d, that our com-
mon Airabounds with Particles or little
Bodies, c2pable to reflect the Beams of
nght. Of this we might eafily give di-
vers proofs, but we fhall name but two :
The one, that vulgar obfervationof the
Motes that appear in Multitudes fwim-
ming up and downin the Air, when the
Sun-beams momuuD into a2 Room, orany
other thady Place difcover them, th ough
otherwife the eye cannot diftinguilh them
from
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from the reft of the Air: The other proof
we will take from what we (and no doubt
very many others) have obferv’d, touch-
ing the Illumination of the Air in the
Night. . And we particularly remember,
that, being at fome diftance from London
one Night, that the People, upon a very
well-come Occafi ton, teftified their Joy
by numerous Bon- ﬁxes though, by rea-
fon of the Interpoﬁuon of the Houfes,
we could not {ee the Fires themf{elves,yet
we could plainly fee the Airall enlighten’d
over and near the City 5 which arguw’d,
that the lucid Beams fhot upwards from
the Fires, met in the Air with Corpufcles
opacous encugh to refle¢t them to our
Eyes.

A third thing that we confidered, was,
That white may be produc’d (without
excluding other ways, or denymo invifi-
ble Poxes in the folideft Bodies) when
the continuity of a Diaphanous Body

happens to beinterrupted by agreat num-
ber of Surfaces, which, like fo many
little Looking - Oldfﬁs do confalﬂdxy res
prefent a multicude of lictleand feeming-
ly contiguous Images of the elucid Body

- Wefhallnot infift on the explanation of
this, bucrefer You for it to what we have

' {aid

T T———— e
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faid in another Paper ( touching Co-
lours.) But the Inftances thar feem to
prove itare obvious: For Water or whites
of Eggs beaten to froth, do lofe their
tran{parency and appear white.  And ha-
ving out of one of our leffer Receivers
carefully drawn out the Air,and fo order’d
it, that the hole by which the Water was
toget in, was exceeding {mall, that the
Liquor might be the more broken in‘its
paflagethorowit, we obferv’d with plea.
fure, That, the Neck being held under
Water, and the little hole newly men-
tion’d being open’d, the Water that rufh’d
in was fo broken, and acquired fuch a mul-
titude of new Surfaces, that the Receiver
{eem’d to be full rather of Milk then Wa-
ter, 'We have likewife foundout, That
by heating alump of Cryftal toa “certain
degree, and quenching it in fair Water,1t
would be difcontinu’d by fuch a multi-
tude of Cracks, (which created new Sur-
taces within it) that though it would not
fall afunder, but retain its former {hape,
yetit would lofe its tran{parency, and ap-
pear white.

Uponthefe Confiderations, My Lord,
and fome others, it feem’d notabfur’d to
imagine, Thatupon the ruthing of the Air
out
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out of the Receiver into theempty’d Cy-
linder, the Airin the Receiver being fud-
denly and vehemently expanded,the Tex-
ture of it was as fuddenly alter’d, and the
parts made fo tofhift places (and perhaps
fome of them to change poftures) as du-
ring their new and vehement Motion and
their varied Scituation, to difturb the
wonted continuity and. fo the Diaphas
neity of the Air; which (as we have alrea-
dy noted) upon its ceafing to be atran-
fparent Body, without the interpofition
of colour’d things, muft eafily degene-
rate into white.

Several things there were that made
this Conjectare feem the lefs improba-
ble. As firft, That the whitenefs al-
ways appear’d greater when the Ex{ucti.
on beganto be made, whil'lt there was
ftore of Airin the Receiver, then when
the Air was in great part drawn out. And
next, That, having exhaufted the Re-
ceiver, and apply’d to the hole in the
Stop-cock alarge bubble of clear Glafs,in
{uch a manner,that we could at pleafure let
the Air pafs out at the {mall Glafsinto the

great one,and eafily fill the {mall one with
Air again, We obferv’d with pleafure,
That
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That upon the opening the paffage be-
twixe the two Glafles, the Air in the
{maller having fo much roomin the great-
er to receive it, the Diffilition of that
Air was fo great, that the {mall Viol
feem’d to be full of Milk ; and this Expe.
riment we repeated {everal umes, To
which we may adde, Thar, having pro-
vided a fmall Receiver, whofeupper Ori-
fice was {o narrow that I could ftopic with
my Thumb, Iobferv’d, that when upon
the Ex{uction of the Air the capacity of
the Glafs appear’d white, if by a {udden
removal of my Thumb I let inthe out-
ward Alr, that whitenefs would imme-
diately vanith. And whereas it may be
objeted, That in the Inftance formerly
mention’d, Water turning from per(pi-
cuous to white, there intervenes the Air,
whichisa Body of a Heterogeneous na-
ture, and muft turn it into Bubbles to
make it lofe its tranfparency. We may
borrow an Anfwer from an Experiment
we deliver inanother Treatife, where we
teach how to make two very volatile Li-
quors, which being gently put together
are clear as Rock-water, and yet will al-
moftina moment,without the fub-ingref-
fionof Air to turnthem into Bubbles, fo
; alter
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alter the difpofition of their infenfible
parts, as to become a white and confiftent
Body. And this happens not as inche
precipitation of Besjamin, and fome 0.
ther Refinous Bodies, which being dif-
folv’din Spirit of Wine,may,by the effu-
fion ot fair Water, be turn’dinto a {eem-
ingly Milky fubftance. For this*white-
19(5 belongs not to the whole Liquor,but
to the Coxpuﬁ es of the diffolv’d Gum,
which after a while {ubfiding leave the Li-
quor tran{parent, themfelves onely re-
maining white : Whereas inour cafe, ‘tis
from thevary’d texture of the whole for.
merly tranfparent flaid Body, and not
from this or that part cthat this whiténefle
refults : For the Body is white thorowout,
and will long continue fo 5 and yet may,
in procefs of time, without any addition,
be totally reduc’d into a tranfparent Bo-
dy as betore.

But befides the Con)eume infifted on
all this while, wegrounded another upon
the following Oblexumon which was,
That havmv convey’d fome fmoke into
our Receiver plac’d againft a Window,we
obferv’d, that upon the exucion of the
Air, the Corpufcles that were {wim mmg
in lr; did manifeftly encugh make the Re-

F”\‘J\;‘I
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ceiver feem more opacous at the very
moment of the rufhing out of the Air:
For confidering that the whitenefs, who(e
caufe we enquire of,did but fometimes ap-
pear, itfeem'd not impoflible but that at
fuch times the Air in the Receiver might
abound with Particles, capable of re-
flecting the Light in the manner requifite
to exhibit a white colour, by their being
putinto acertain unufual Motion, As
may be in fome meafure illuftrated by
this, That the new motion of the frefhly
mention’d Fumes, made the infide of the
Receiver appear fomewhat darker then
before : And partly by the nature of our
formerly mention'd {moking Liquor,
whofe parts though they {eem’d tran(pa-
rent whil’ft they compof’d a Liquor, yet
when the {ame Corpulcles, upon the un-
ftopping of the Glafs, were putinto a
new mction, and difpold after a new
manner, they did opacate that part of the
Air they mov’d in, and exhibited a great-
er whitenefs then that which fometimes
appears in our Pneumatical Veflel. Nor
thould we content our felves with this fin-
gle Inftance, to manifeft, That little Bo-
dies,which being rang’d after one manner,
are Diaphanous and Colourlefs, may, by
being
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being barely agitated, difperfd, and coni
fequently otherways rang’d, exhibite a .
colour, if we were not unwilling to rob
our Colleétion of Experiments concern=
ing Colours.

But , My Lotd, I forefee You may
make fome Objections againft our pro-
pofed ghefs, which perhaps I fhall fcarce
be able to anfwer, efpecially, if Youin-
fift upon having me render 2 Reafon why -
our. Phenomenon appears not conftants,
ly. '

L I'might indeed anfiver, that probably
it would do fo, if inftead of our greac
Receiver weufe (uch a{mall Violas we
havelately mention’d, wherein the Diffi-
lition of the Airbeing much greater, is
like to be the more confpicuous: Since I
remember not that we ever made our try-
al with fuch (mall Veflels, without find-
ing the expected whitenefs to appear. But
it would remain to be explicated, why in
our great Receiver the Phenomenon thould
fometimes be feen,and oftentimes not ap=
pear, And though that Conjeture which
we laft made fhould not be rejected, yet if
we were further prefl’d toafligna reafon
why the Airfhould abound with fuch Par.
ticles, as we there fuppofe, more atone
’ X time
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time then another, we are not yetpro=
vided of any better Anfwer, then this
general one, That the Air about us,
and much mote that within the Receiver,
may be much alter’d by {uch caufes as few
are aware” of: For, not to repeat thofe
probable Amuments of this Aflertion
which we have occaf 1onally mention’d
here and there in the former part of this
Epiftle, we will here fer down two or
three Inftances to verifie the {fame Propo-
ftion. Firft, T finde that the Learned
Fofephus Aco/hz among other Judicious
Obfervations he made in wA merica, hath
this concerning the Effets . of fome
Winds 5 There are ({ays.he) Winds which
mmrall) trouble the Water of the Sea, and
make it green, and black 5 others, clear as,
Cryftal.. Next, wehave obferv'd, That
though we conveyd into the Receiver our
Scales, and the Penduls’ formerly men-
tion’d,clean and bright 5. yet after the Re-
ceiver had been empty’d,and the Airletin
again, the glofs or luftre both of the one,
and of theother, appeard tarnift’d by a
beginning ruft.  And in the laft place,we
will fubfoyn an Obfervation” we made
fome Years ago, which hath been heard
of by divers Ingenious Men, and feen
by
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by fomé of them : We had, with pure
Spirit of Wine, drawn a Tincture out of
a certain Concrete which ules to be rec-
konedamong Mineral Bodies; And this
Tinfture being very pure and tranfparent,
we did, becaule we put a grear valueupon
it, put into a Cryftal Viol which we care-
fully ftopp’d, andlock’dup n a Prefs a-
mong fome other things that we {pecial-
ly priz’d, This Liquor being a Chy-
mical Rarity, and befides, very defecate
and of a pleafing Golden Colour; we
had often occafion to look upon it, and
{o to take notice, that one time it feem’d
to be very much troubled, and not clear
as it was wont to be: Whereupon we ima-
gined, that though it would be fomething
ftrange, yet it was not impoflible thac
fome Precipitation of the Mineral Cor-
pufcles was then happening , and that
thence the Liquor was opacated ; but,
finding after (ome days that though the
expected Precipitation had not been
made, yet the Liquor, retaining its for-
mer vivid Colour, was grown clear again
as before ; we fomewhat wondered atir,
and locking it up again in the fame Prefs,
we refolved to obferve, both whether
the like changes would again appear in
» ' X a our
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our TinGure ; and whether in cafe they
{hould appear, they would be afcribable
to the alterations of the Weather, But
though,during the greateft part of a Win-
ter and a Spring, we took pleafure to ob-
ferve, how the Liquor would often grow
turbid, andafter awhile clear again: Yet
we could not finde that thefe Mutations
depended upon any that were manifeft in
the Air, whieh would be often dark and
clouded, when the Tincture was clear and
tranfparent ; as on the other {ide,in clear
Weather the Liquor would appear fome-
times troubled, and more opacous. So
that being unable to give an account of
thefe odde changes in our Tincture (which
we fuppofe we have not yet loft, though
we know not whether it have loft its fickle
Nature) either by thofe of the A, or
any thing elle that occurr’d to our
thoughts ; we could not but fufpect that
there 1 may bein divers Bodies, asit were
Spontaneous Mutations , that 15, fuch
changes as depend not upon manifeft
Caufes. But, My Lord, what has been
all this while faid concerning our Pheno-
menon, is offer’d to You, not as contain-
ing a fatisfactory Account of it, bucto
affift You to give Your [elf one.

We



(319)

'\/ E took a Glafs Veflel; open EAPm‘
at the top, and into it we put”¢ 38
a mixture of Snow and common Salt
(fuch a mixttire as we have in another
Treatife largely difcourfed of) and in-
to the midft of this mixture we fet a
Glafle, of 2 Cylindrical form, clofely
ftoppd at the lower end with Plaifter,
and open at the upper, at which we
fill'd it with common Water. Thefe
things being let down into the Recej- . B
ver, and the Pump being fet awork, i
the Snow began to melt Tomewhat fae
fter then we e*(pe&cd whether upon i
the account of the Exfu&ion of the
Air, or becaule there was but little of g d
the Snow, or whether for any other
Reafon, it appeared doubtfull, But '
however , by that time the Receiver
had been confiderably exhaufted, which |
was done in lefle then 2 of an hour, b
we perceived the Water near the bot- :
tom of the Glafs Cylinder to Freeze, | 3_
and the Ice by alittle longer ftay, feem’ d' i ‘}
to encreafe, and to rife {omewhat higher i
X 3 then i
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then the furface of the furrounding Li-
quor, whereinto almoft all the Snow and
Salc were refolv'd.  The Glafs being ta-
kenout, 1t appear’d that the Ice was as
thick as the infide of the Glafs it fill’d,
though into that Lcould pur, my Thumb.
The npper f{urface of the Ice was very
concave, which whether it were due to
any unneeded accicent, or to the exfu-
étion of the Arr, we leave to be deter-
min'd by further tryal.  And laftly, the
Ice held aganft the Light, appzard not
deftitute of Bubbles, though fome By-
ftanders thought they were fewer then
would have been found if the Water had
been frozen in the open Air.  The like
Experiment we try’d alfo another time in
one of our {mall Receivers, withnotun-
like fuccefs. :
And on this occafion, My Lord, give
me-leave to propofe a Problem, which
{hall be this: Whence proceeds that
ftrange force that we may fometimes ob-
ferve in frozen Water, to break the Bo-
dies that Imprifon it, though hard and fo-
lid # ‘That there is {uch a force in Wa.
ter expol’d to Congelation, may be ga-
ther’d not onely from what may be often
obferv’d in Winter, of the burfting of
' - " Glafles
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Glafles too clofe ftopp’d, fill’'d with Wa-
ter or aqueous Liquors, butby Inftances
as much more confiderable as lefs obvi-
ous. ForIremember, that an Ingenious
Stone-cutter not long fince complain’d to
me, That fometimes, through the negli-
gence of Servants, the Rain being fuffer-
ed to {oak into Marble Stones, the {uper-
vening violent Frofts would burft the
Stones, to the Profeflors no {mall dam-
age. And I remember another Trades-
man,inwhofe Houfe I had Lodgings, was
laft Winter complaining, that even Im-
plements made of Bell-metal, being care-
* lefly expold to the wet,have been broken
and {poil’d by the Water, which, having
gotten into the little Cavities and Cran-
nies of the Metal, was there afterwards
frozen and expanded into Ice. And to
thefe Relations, we can adde one of the

formerly mention’d Cabans’s, whereby

they notonely may be confirm’d, butare
furpaff*d : Tor he tellsus, That he fawa
huge Veflel of exceeding hard Marble,
fplit afunder by congel’d Water, whofe
Rarefaction, fays our Author, prov’d {o
vehement, that the hardnefs of the Stone
yielded toit 5 and foa Veflel was broken,
which would not have been fo by rco

X4 Yoke
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Yoke of Oxen drawingit feveral ways, 1
know, My Lord, that tof{olve this Pro-
blem, it will be faid, That Congelation
does not(as is commonly,but erroneoufly
prefum’d) reduce water into lefs room
then it poflefl’d before, but rather makes
it takeup more. And I haveelfewhere
prov’d by particular Experiments,  That
whether or no Ice may be truly faid to be
Woater rarefi'd (for that {eems queftion-
able) it may be {aid to take up moreroom
then the Water did before Glaciation.
But though we grant that freezing makes
Water {well, yet, how Cold (which in
Weather-Glafles manifeftly condences
the Air) fhould expand either the Water,
or theintercepted Air {o forcibly, as to
perform fuch things as we have newly re-
lated, will yetremaina Problem.

\/- E took an Oval Glafs, clear and
. (leaft it fhould break) pretty
ftrong, with afhort Neck at the obtufer
end ; through this Neck,we thruft almoft
to the bottom, a Pipe of Glafs, which was
clofely Cemented to the newly mention’d
Neck , the upper part of which Pipe,
was drawn in {fome places more flender
o . - then




(323)

thena Crows Quill, that the changes of
the Airinthat Glafs Egge might be the
more confpicuous 5 Then there was con~
vey’d intothe Glafs five or {ix Spoon-
fulls of Water, part of which, by blow-
ing Air into the Egge, wasrai(d into the
above-mention’d {lender part of the Pipe,
{o that the Water was interpo{’d between
the external Air, and that included in the
Egge. This Weather-glafs (delineated
inthe fourteenth Figure) wasfo plac’d,
and clo{’d up in the cavity of oneof our -
fmall Receivers, that onely the flender
partof the Pipe, to the heigth of four
or five Inches, paffing thorow a hole in
the Cover, remain'd expof{’d to the open
Air. ,
The Pump being fet a work, upon
the Exfuctionof the Air, the Water in
the Pipe defcended about a quarter of an
Inch, and this upon two or three reitera-
ted tryals; which feem’d fufficiently to
argue that there was no heat produc’d in
the Receiver upon the Exfuction of the
Air: For even a little heat would pro-
bably have been difcover'd by that Wea-
ther-glafs, fince upon the bare applica-
tion of my hand to the outfide of the
Receiver, the waymth having after fome

' time
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time been communicated ot propagated
through both the Glaffes, and the inter=
val betwixt them to the Imprifon’d Air,
did o rarifie that, as to inable it, by prefu
fing upon the illbjaLCﬂE Water, to impel
that in the Pipevery many times as far as
1t had fallen downwards upon the Ex{ucti-
on of the Aur.

Yet{hall not we conclude, thatin the
cavity of the Receiver the cold was great-
er after the Exfuétion of the Airthen be-
fore.

For if it be demanded what then could
caufe the fore-mention’d {fubfiding of the
‘Water ? it may be an{wered, That pro-
bably it was the reaching of the Glafs
Egge, which, upon the Exfuction of the
ambient Air, was unable to refift alto-
gether as much as formerly the preflure of
the included Air, and of the Atmofphere,
which, by theintervenfion of the Water,
“prefl’d uponits concave f{urface: Which
feem d probable, as well by what was a-
bove deliver’d, in the Experiment about
the breaking of the Glafs by the force of
the Artmolphue as by this notable Cir-
cuimftance (whtch we divers times ob-
ferv d)That when by drawing the Air out
of the Receiver, the Waterin the Pipe
was
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was fubfided, upon the readmiffion of the
external Air to prefs againft the convex
furface of the Egge, the Water was pre-
fently re-impell’d to its former height:
Which wouldperhaps appear lefs ftrange
to Your Lordfhip, if You had yet feen
what we have heretofore taught in ano-
ther Treatife concerning the Spring that
may be difcover’d in Glafs, as rigid and
inflexible a Body as it is generally e-
fteem’d. Andin the mean while it may
{erve the turn to caufe a Glafs Egge to be -
blown exceeding thin, and then, having
brokenit, try how far you can by degrees
bend fome narrow parts of it 5 and how
readily, upon the removal of what kept
it bent, it will reftore it felf toits former
ftate or pofture. But to return to our
Experiment, From thence it feems pro-
bable, either that there {ucceeds no Bo-
dy intheroom of the Air drawn out of
our Receiver, or that it is notevery Mat-
ter that is {ubtle enough readily to pafs
through the Pores of Glafs, that 1sal- °
ways agitated enough to produce Heat
where evet it is plentifully found. So that
it no Zacuum be to be admitted, this Ex-
periment feems to invite us to allow a
greatdifparity, either as to bulk, orasto
agita-




agitation, ot as to both, betwixt fome
parts of the Etherial Subftance,and thofe
that are wont here below to produce Heat
aod Fire.

We try’'d allo what Operation the
drawing out of the Air would have upon
Camphire, that being a Body, which,
though not a quuor » conf fifts of fuch
Volatile or Fugitive parts, that without
any greater aoitation then that of the open
Aur it felt, they will copioufly die away.
But we found not that even this loofe
Body was fenfibly alter'd by the Ex{ucti-
onof the ambient Air.

i Experi- TT may (eem well worth trying, whether
1 ment 40- 2 or no in our exhaufted Glafs the want
LR of anambient Body, of the wonted thic-
oo nefs of Air, would difable evenlight and
e little Animals, as Bees, and other winged

‘ ‘3 Infects, to flie. But though we eafily
forefaw how difficule it would be to make
fuch an Experiment ; yet not to omit our
endeavors, we procur’d alarge Flefh-fly,
which we convey'd into a {inall Receiver.
We alfo another time fhut into a great
Receiver a Humming Bee, that appeard
{trong and lively, thouch we had rather
have
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have made the tryal with aButter-fly, if
the cold Seafon would have permitted us
a ﬁl.lde any. ° The FIY’ at- Since the writing of (hid
ter fome Exfuctions of the xpi Experiment, we pros
Air, dropp'd-down from the aw'da white Buter-Flys
fide of the Glafs whereon the & e/ d#t in o of e
was walking : But, that the though at fisf be fustcred
Experiment with the. Bee #p mddmn, st prefeniiy,

- . upon the exfuttion of the
might be the more inftructive, i, be felf down a5 in
we convey’d in with herabun- /e ; 'fctai@’ﬂ[e, G ather
dle of Flowers, which re- jum be e i ivens
main'd {ufpended by a ftring
near the upper part of the Receiver: And
having provok’d the Bee, we excited her
to flie up and down the capacity of the
Veflel, tll at length, as we defir’d, the
lighted upon the Flowers; whereupon
we prefently began to draw out the Air,
and obferv’d, That though for fome time
the Bee feemd to take no notice of ir, yet
within awhile afrér fhe did not flie, bu fall
downfrom rhe Flowers, withont appear-
ing tomake any ufe of her Wings to help
her {elf. But whether chis fall of the Bee,
and the other Infcct, proceeded from the
mediums being too thin for them to fliein,
or barely from the weaknefs,and as it were
{wooning of the Animals themielves,you
will eafily gather from the following Ex-
perinent, ' ' To




Experi~
went 41 about the account upon which Refpira-

(328)

O fatisfie our felves in fome meafure;

tion'is {o neceflary to the Animals, that
Nature hath furnifh’d with Lungs , we
took (being then unable to procure any
other lively Bird, {mall enough to be put
into the Receiver)a Lark, one of whofe
Wings had been broken by a fhot, of a

Man that we had {ent to provide us fome

Birds for our Experiment 5 but notwith-
ftanding this hurt, the Lark was very
lively, and did, being put into the Recei-
ver, divers times {pring upin it to agood
height.: The Veflel being haftily , but
carefully clof*d, the Pump was diligently
ply’d, and the Bird for a while appeard
lively enough 5 but upon a greater Ex-
{uction of the Air, fhe began manifeftly
to droop and appear fick, and very foon
after was taken with as violent and irregu-
lar Convulfions, as are wont to be ob.
ferv’d in Poultry, when their heads are
wrung off: For the Bird threw her felf
over and over two or three times, and dy -
ed with her Breaft upward, her Head
downwards, and her Neckawry, And
though upon the appearing of thefe Con-
‘ vulfions
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yulfions, we turn’d the Stop-cock, and
let in the Air upon her, yet it came too
late; whereupon, cafting our eyes upon
one of thofeaccurate Dyals that go with
a Pendnlum, and were of late ingenioufly
invented by the Noble and Learned Hy~
genins, we found that the whole Tragedy
had been concluded within ten Minutes of
an hour, part of which time had been im-

ploy’d in cementing the Cover to the Re-.

cetver, Soon after we got a Hen-{par-
row, which being caught with Bird-lime
was not at all hurt 5 when we put her into
the Receiver, almoft to the top of which
fhe would briskly raife her felf, the Ex-
periment being try’d with this Bird, asic
was with the former, fhe {eem’d to be
dead within (even minutes, one of which
were imploy’d in cementing on the Co-
ver: Butupon the {peedy turning ofi the
Key, the frefh Air flowing in,began {low.
ly to revive her, fothat after fome pant-
ings the oper’d her eyes, and regain’d her
feet, and in about a = of an" hour, after
threarned to make an efcapeat the top of
the Glafs; which had beén ‘unftopp’d to
let inthe frefh Air upon her : But the Re-
ceiver being clofd the {econd time, fhe

REER: was
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was kill'd ‘with violent Convulfions
within five Minutes from the beginning
of the Pumping. ;

- A while after we put in a Moufe, new-
ly taken, infucha Trap as had rather af-
trighted then hurthim 5 vvhil'ft he vvas
leaping up very high in the Receiver, vve
faften’d the Cover to it, expecting that
an Animal ufed to live in narrow holes
vvith very little frefh Air, vvould endure
the vvant of it better then the lately men-
tion’d Birds: But though, for avvhile af-
ter the Pump vvas fec avvork, he conti-
nued leaping up as before; yet ‘tvvas not
long erehe began to appear fick and gid-
dy, and to ftagger, after vvhich he fell
dovvnas dead, butvvithout fuchviolent
Convulfions as the Birds died vvith.
Whereupon, haftily turning the Key, we
let in fome frefh Air upon him, by vvhich
ke recovered, after a vvhile, his fenfes and
his feet, but feem’d to continue vveak and
fick: But at length, grovving able to
skip as formerly, the Pump vvas plyed
again for eight minutes, about the mid-
dle of vvhich fpace, if not before, a very
little Air by a mifchance got in at the
Stop-cock s and about tvvo minutes after
thar, the Moufe divers times leap'd up
' lively
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lively enough,though afterabout twomi=
nutes more he fell down quite dead, yet
with Convulfions fa milder then thofe
wherewith the two Birds expired. This
alacrity {olittle betore his death, and his
not dying fooner thenat the endof the
eighth minute, feem’d afcribableto the
Air (how little foever) that {liptinto the
Receiver. * For the firft time, thofe Con-
vulfions (that, if they had not been {ud=
denly remedied, had' immediately dif-
patch’d him) feild on him in fix minutes
after the Pump began to be et awork.
Thefe Experimems {eem’d the more
ftrange,inregard thatduringa great parcof
thofe few minutes the Engine could but:
confiderably rarefie the Air (md that too,,
but by degrees) and atthe end of them:
there remain’d in the Receiver no incon-~
fiderable quantity; as may appear by what
we have formerly {aid of our not being
able todraw down Waterina T ubu,wuh-
in much lefs then a Foot of the bottom :
with which we likewife confider’d, that by
the exfuction of the Air and inter(pet-
fed Vapors, there was left in the Recei-
ver a {pace {fome hundreds of times ex-
ceeding the bignefs of the Animal, tore=
ceivethe tu}'omr\us Steams, from which

) X expirati-
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expiration difcharges the Lungss and,
which in the other cafes hitherto known,
may be f{ulpected, for want of. room, to
ftifle thofe Animals that are clofely pent
up'in too narrow Recepracles.

- I forgot to mention, that having cauf'd
thefe three Creatures to be open’d, I
could, in fuch fmall Bodies, difcover lit-
tle of what we {ought for, and what we
might poflibly have found in larger Ani-
mals 5 for though the Lungs of the Birds
appear’d very red, and as it were inflam’d,
yet that colour being ufual enough in the
Lungs of fuch winged Creatures, deferves
not {o much our notice, as it does, That
inalmoft all the deftruéive Experiments
madein our Engine, the Animals appear’d
to die with violently Convulfive Moti-
ons: From which,whether Phy{icians can
gather any thing towards the Diflcovery
of the Nature of Convullive Diftem-
pers, Ileave to them to confider.

Having proceeded-thus far, though (as
we have partly intimated already) there
appear’d not much caufe to doubt, but
that the death of the fore-mention’d Ani-
mals proceeded rather from the want of
Air, then that the Air was over-clogg’d
by the fteams of their Bodies, quuilitle-

- J
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Iy pentup in the Glals 5 yet I, thatlove
not to believe any thing upon Conjes
Ctures, when by anot over-difficult Ex-
periment Ican try whether it be True or
no, thought it the fafeft way to obviate
Objetions,and remove Scruples,by fhut-
ting up another Moufe as clofe as 1 could
in the Receiver, wherein it liv'd above
three quarters of anhour; and might pro-
bably have done fo muchlonger, had not
a Virtuofo of quality, who in the mean
while chanc'd to make me a Vifit, defir'd
to fee whetheror no the Moufe could be
kill’d by the exfu&ion of the ambient Air,
whereupon-we thought fit to open, for a
litccle while, an intercourfe betwixt the
Air in the Receiver, and that without it,
that the Moufe might thereby (if it were
needful for him) bevefrethd, and yet we
did this without uncementing the Cover
at the top, thatit might not be objeéted,
that perhaps the Veflel was more clofely
ftopp’d for theex{uction of the Air then
before.

The Experiment had this eveng, that
after the Moufe had liv’d ten Minutes,
(which we afcrib’d to this, that the Pump,

for want of having been lately Ogl'd, -
could move but flowly, and could not by
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him that manag’dit, be madeto work 2s
nimbly as it'was wont)-at the end of that
time he dy’d with G onvulfive Fits,where.
in he made two or three bounds into the
Air, before he fell down dead.

Nor was I content with this, but for
Your Lordfhips further fatisfaction, and
my own, I cau*d a Moufe, that was very
hungry, to be fhutin all Night, witha
Bed of Paper for him to reft upon : And
to be fure that the Receiver was well
clol’d; Tcaufd fome Air to be drawn out
of ir, whereby, perceiving that there
was no {enfible leak, I prefently re-ad-
mitted the Airat the Stop-cock, left the
i want of it-{fhould harm che lictle Ammal s
i L& and then I cauld the Engine to be kepl:
e all Night by the Fire fide, to keep him
oo from bemo deftroy’d by the immoderate
» 4 cold of theFxoﬂy Night. And thiscare
TR IRRIE {ucceeded fo well, that the next Morni ing

1 found that'the Moufe not onely was a-

live, buthad devour’dagood part of the
Cheefe that had been putinwith him.And
4 having thus’ kept him alive full twelve
hours or better, we did, 'by-fucking out
paxtoF the’ Anr, bring him to dloop, and
to appedr fivell'd; and by‘letting in the
"Airagain; wefoon redue’d him to hxs fors
fner Liv cline(s, = A
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Nlthﬂ.

Fear Yom Lomﬂnp will now expeét,
that to thele Experiments I fhould add
my Refletions on them, and attempt,

by their afliftance, to refolve the Diffi-
calties that occur about Refpiration; finca
at the beginning I acknowledg’d a further
Eaquiry into the Nature of that to have
been my Delfign in the related Tryals.

Buc I'have yet, becaufe of the inconve-

nient Seafon of the Year, made {o few
Experiments, and have been {o little {as
tisfred by thofe I have beenable to make,
thac they have hitherto made Refpiration
appear to me ‘rather a more, then a lef§
My fterious thing, then it did before, But
yet, fince they have furnifh'd me with
fome {uch new Confiderations; concern-
ing the ufeof the Air, as confirms me in
my Diflidence of the Truth of what is
commonly believ’d touching that matcer;

That I may not appear fullen or lazy, I
am’ content not to decline employing a
Y 3 tew
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few hours in {etting down my Doubts, is
prefenting Your Lordfhip.fome Hints,
and in confidering whether the Tryals
made in our Engine, will ac leaft-affift us
to difcover wherein the Deficiency lies
that needs to be fupply'd.

And this, My Lord, being all my pree
fent Defign, T fuppofe You will notex.
pect that (as if You knew not;or had fors

gotten what Anatomifts’ are wontto

teach) I fhould entertain You with aneed-

lefs Difcourfe of the Organs of Refpira-

tion, and the variety of their Structure in

feveral Animals; though if it were ne-

ceflary, and had not been perform’d by o-

Culenas dz thers, I fhould think, with Galen, thatby

Z’Z‘;’: “ treating of the Fabricks of living Bodies;

' Imight compole Hymns to the wife Au-

thor of Nature, who,in the excellent con-

‘ trivance of the Lungs, and other parts of

1 (tholeadmirable Engines) Animals, ma-

il " nifefts himfelf to beindeed what the Elo-

AR quent Prophet moft juftly {peaks him,

1 §-28.20. WORAerful in Cowneel, and excellent in
iRE | working.

i Nor fhall we any further meddle with

1 thofe Controverfies fo much agitated a-

mong the Moderns, namely, Whether the

motion of the Lungsin Refpirationbe their

s
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own, or butconfequent tothe motion of the
Thorax,Diaphragme,and (as fome Learns
ed Men would have it)the Abdomeny And,
Whenceit is that the Air [wells the Langs
in Infpiration, any further then they may
receive light from our Engire: But that
it may appear what kinde of ferviceitis
that may be expected from it on this oc-
cafion, we muft premife a few Words to
fhew wherein the ftrength of the Obje-
¢tion we are to anfwer, lies : In favor then
of thofe that would have the Lungs ra-
ther paflive then active in the bufinefs of
Refpiration, it may againft the common
opinion bealledg’d, That as the Lungs be-
ing deftitute of Mufcles and of Fibres,
areunfit to dilate themfelves; foit ap-
pears, that without the motion of the
Thorax they would not be fill’'d with Air.
Since as our Learned Friend Dr. High-
more has well (and congruouily, to what
our {elves have purpofely try’d) ob-
ferv’d, if alive Dog have a great wound
made in his Cheft, the Lobes of the
Lungs on that fide of the «arediafti-
num will {ublide and lie ftill; the Tho-
rax and the Lobes on ' the other fide
ot the Mediaftinum, continuing their
tormer motion, Andif fuddenly at once

the
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the Mufcles of the Cheft be’on both
fides ditlected; upon the Ingrefs of the
Air, the whole Lungs,though untouch’d,
will remain movele(s,at leaft,as to any ex-
panfion or contraction of theirfubftance,
'To which we may adde the Obfervati-
on of the diligent Bartholinus, who af-
firms the like of the Draphragme al-
{0, namely, Thatit being wounded, the
Lungs will fall together, and the.Refpi-
ration ceafe, which my Experiments op-
pofe not, provided the Wound be any
thing great. Andindeed the Draphragme
{eems the principal Infirument of ordina-
ry and gentle Refpiration, although to
reftrain’d Refpiration (if I may fo call
it) theintercoftal Mufcles, and perhaps
fome others may be allowed eminently to
concur. But the chief of the Contro-

" verfies formerly pointed at, is not yet de-

cided, namely, what it is that conveys the
Air into the Lungs. For when, to coun-
térballance all that has been alledg’d,thofe
that plead for the Lungs, demand what it
is that thould bring the Air into the
Lungs, if themfelves do not attractic,
their Antagonifts difagree about the Re-
ply. For when to this queftion fome of
the beft Modern Philofophers. aniwer,
that
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that by. the dilatation'of the Cheft-the
contiguous. Air is thruft away, and that
pr efﬁng upon the next Air to it, 3nd {o
onwards, the Propulfionis continued ill
the Air be driveninto the Lungs,: andfo
dilate them : When this (1 {ay)-'is.an-
{wered, itis Objected evenby Bartholine
himfelf, asaconvincing Reply;-that; ac-
cording to this Doétrine,a Man&ould not
fetch his Breath from a great Veflel full of
Air, with a {lender Neck, becanfe, that
when his Mouth covers the Ouifice of the
Neck, thedilatation of his Thorax could
not propell the Air inthe Veflel into his
Lungs, by reafon of its being feparated
by the inclofi ing Veflel from the' ambient
Air 5 and yet, fay they, Experience wit-
nefles that out of {uch a Veflel aMan may
fuck Air, But of this difficulty our Engine
furnifhes us with an eafte Solution; fince
many of the former Experiments hdve ma-
nifefted, Thatinthe cafe propofedy there
needs' not be made-any (though ’tis true
thatin ordinary Refpiration there is wont
to bemade (ome)propulfion of the Air by
the fwelling Tharax or Abdomeninto the
Lungs ; fince. upon the bare Dilatationof
the Thorax, the Spring of ‘that internal

Axr Qr hilxtuous 1ub{hmce that:is wont
to
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to poflefs as much of the Cavity of the
Cheftas the Lungs fill not up, being much
weaken’d, the external and contiguous
Air muft neceffaril ly prefsin at the ¢ open
Winde- Pipe into the Lungs, as finding
there lefs refiRance then any where elfc a-
boutit.
And hence (by the way)we may derw

a new: afliftance to judge of that famous
Controverfie difputed among Naturalifts
and Phyfitians, ever fince Galens time,
fome maintaining that the Cheft,with the
contained Lungs, may be refembledtoa
pair of Bellows, which comes therefore
to be fill’d becaufe it was dilated : Ando-
thers pleading to have the comparifon
made toa Bladder, which is therefore di-
lated: becaufe it is fill'd, For astothe
Thorax, it {eems evident from what has
been lately faid, that it, like a pair of Bel-
lows, happens to be partly fill'd with Air,
but becaufe it was dilated: Butas for the
Lungs themfelves, who want Fibres to
diftend them, they may fitly enough be
compar’d to a Bladder 5 fince they are di-
lated by being fill’d, namely, by that Air
which ruthes into them upon the dilatation
of the Cheft, in whofe increafed Cavity
it findes (as we frefhly noted) lefs refift-
ance
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ance to its Spring then elfewhere. And
this brings into my minde that ftrange
Obfervation of Nicolans Fontanus,a Phy -
fitianav Amfterdam, who teftifies, Thag Fouatis
il : : apud Bar-
ina Boyof the fame Town, four years cholin: 1ib,
old, there was found, inftead of Lungs,a z.cap. 9.
certain Membranous Bladder; which be-
ing filld with Wind, and furniflvd wich
little Veins, hadits origination from the
Wind-Pipe it {elt 5 which being {uppof’d
true, how well it will agree with moft.of
the Opinions touching Refpiration,Ileave
to be confidered.

And thus may the grand Objection of
Bartheline, and others, be an{wered : But
I leave to Anatomifts to confider what is
to be faid to fome Obfervations that feem
to contradiét thofe Anatomical Experi-
meats already mention’d : Such was par-
ticularly that which I remember I have
read in Sennertus (from the obfervation of
his Father- in-law Schato) of a Melancho-
ly Student, who having ftabb’d himfelf,
and pierced the Diaphragme in the thinner
or tendonous part (call’d by many the
Wervous Circle)lived feven Moneths afs
ter he had fo wounded himfelf, thoughaf-
ter his death (preceded by violent Vomit-

ings),
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ings) the Wound (perchance’ difated by
thofe ftrainings ) appeard fo great, that
thewhole Stomack was found to have got
inby 1t into the lefe fide of ‘the Thorax.

-And {uch al{o was: the accident that hap-

pen’d to a Noble Man, whom I remem-
ber I have feen, and who is yeralive, in
whofe Cheft there has, for thefe many
years, remain’d a hole {o great, that the
motionof his Heart may be perceiv’d by

it. . Thefe (I fay) and fome other Obfer-
wations, I fhall now forbear: to infift on;

becaufe I hold it not unfit, before we
come to confider the ufeof Refpiration,
that we acquaine Your Lordfhip with an
Ingenious Conjecture, that was made at

-the -canfe of: the hafty deach of the Ani-

malsour.Engine kill'd: namely, That it
was not the want of Air that deftroy’d
them, but the Preflure of the innate Aix

in the cavity. of the Cheft; as if the

Spring of this Air being no lenger coun-
terballanc’d by the ambient Air,was there-
by:become fo.ftrong, that it kept the
Ther ax forcibly diftended,and binder'dits
wonted contractions and fo-comprefld
the Lungs and their Veflels,asto obftruct
the 'Circulation of the Bload, Ané this
3T ! on=
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Conjetture, asitis {pecious enough, (o
might have admitted it for true ; but that
I confider’d, that (not to mention that
one, efpecially of the Animals kill'd in
our Engine, {eem’d manifeftly for a pret-
ty while, and not long before he dy’d, to
move his Thorax, asit he exerci{*d Refpi-
ration) the diligent Walleus relates, That
he divers times obfervd, inthe Diflecti-
on of live Bodies, that-the Membrane
that invefts the Lungs, had Pores in it
as big as the larger {ort of Peas, which a-
grees with the Obfervations ‘of Chyrur-
gions and Phyfitians, wviz. That matter
collected in the 7horax has penetrated in-
to the Lungs, and been difcharged by
coughing.And I remember too,that moft
of the Animals we kill’d in our Engine
were Birds, of whofe Lungs Harwvey
fomewhere informs us, That he ob-
ferv’d them very manifeftly to open ac
their "Extremities into -the Abdomen.
And by f{uch Perforations we may well
fuppofethe paflage free betwixt the exter-
nal Airand-that in the 4bdomen: But this
Conjeture’ may  be further confider'd:
Befides; to fhow thdeihe” Animals -thie
diedimom Glaffes, neddnbt be [uppold
'- to
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to have been kill'd by the want of Air, we
forefee another Argument that we muft
deal fo ingenioufly with Your Lordthip,
as not to conceal.  You very well know,
that befides. the generality of the
Schools,there are many new Philofophers
who, though they diffent from the old
Peripateticks in other things, do, as they,
deny the poflibility of a ruacuum; and
hold, that thofe {paces which are devoid
of Air, and other grofler Bodies, are all
of them exactly replenithed with a certain
Etherial Matter, fo thinand fubtle, chat
it can freely permeate the Pores of the
compactedit and clofeft Bodies, and ev’n
of Glafsit felf. Now fome of thofe Na-
turalifts that are of this per{wafion may
object, That the Animals that died in our
Receivers, did {o, not fo much for lack of
Air, as by reafon that the Air thatwas
pump'd our was neceflarily {ucceeded by
an Etherial Subftance;which confifting of
parts vehemently agitated, and {o very
fmall, as without ref1ftance to pafs in and
out through the very Pores of Glafs; it
may well be fuppof’d, thata confiderable
quantity of this reftle(s and fubtle Mat-
ter, meeting together in the Rcceive_rt;
wit
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with the exceffive heat of it, may be
quickly able to deftroya lictle Animal, or
at leaft, make the Air too intemperately
hot to be fit for Refpiration.

But though this be a Difficulty not fo
eafily to be refolv’d withour the affiftance
of our Engine, yet I fuppofe we have al-
ready anfwer’d the Objection by our 384
and 39" Experiments 5 which though we
made partly for other purpofes, yet we
premif’d them onely to clear up the diffi-
culty propof’d.

Another fufpition we fhould have en-
tertain’d concerning the death of our Ani-
mals, nimely, That upon the {uddenre.
moval of the wonted preflure of the am-
bient Air, the warm Blood of thofe Ani-
mals was broughtto an Effervefcence or
Ebullition, orat leaft fo vehemently ex-
panded, asto difturb the Circulation of
the Blood, and fo diforder the whole Oe-
conomy of the Body. (This (I fay) I
fhould have had fome {ufpition of) but
that Animals of ahoc Conftitution are
not the fole ones that cannot in our ex-
haufted Engine exercife the Fun&ion of
Life. But I muft not now dwell upon
matters of this nature, becaufe I think
it high time to proceed to the confiderati-

on
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on of the principal {ubje¢t of our Engine,
namely, ~The ufe of Refpirations ot ra-
ther, [Theufe of the'Airin Refpiration.
For whereas of the divers ufes of it men.
tiowd by Anatomifts the moft, fuch as
the Production and-Modulation of the
Voice bythe Elifionof the Air, the La-
rynx &c, the expulfion of Excrements
by Coughing,the conveying in of Odours
by Infpiration, and fome others, rather
convenient for the well being ot an Ani-
mal, thenabfolutely neceflary to his Life:
Whereas (I {ay) the other ufes are fuchas
we have {aid, The great Hippocrates him.-
{elf givesthis notable Teftimony to the
ufe of the Air, as to Animals endow’d
with Lungs, Mortalibus ({ays he) bic({pi-
1itus)tum vite, tum morbortim agrotis cay-
[acefte  Tantique corporibus omnibus [pi-
rits ineft necefSitas, ut [iguidem aliss om-
nibus ¢ cibis ¢5 potionibus, quis abflincat,
dnos tame ant tres,vel plures dies pofSit vi-
tam ducere : At (iquis [piritus in corpus
viasimercipiat, velexigna diei parte, ho-
mint perenndum fit s Adco necef[arins.eff
nfus (piritis in corpore. Ad hec quod;,
quume omnibus alizs ackiopibus homines gui-
efcant, ‘quod mutationibys innwmeris vita
fit excpefita, ab hactamen [old aitione nus-
a0 quane
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guam defiftant animantia,quin aut [piritusss
adducant, aut reddant.

But touching the account upon which
the In(piration and Ex{piration of Air
(both which are comprehended in Zrawvoi;
Refpiration) is {o neceflary to Life, both
Naturalifts and Phyfitians do {o difagree,
that it will be very difficult either to re-
concile their Opinions,or determine their
Controverfies. ‘

For firft, Many there are who think
the chief (if not fole) ufeof Refpiration
to be the Cooling and tempering of that
Heat in the Heart and Blood,which other-
wife would be immoderate : And this O-
pinion, not onely feems to be moft recei-
ved amongft Scholaftick Writers, but di-
vers of the new Philofophers, Cartefians,
and others, admitted with fome variations
teaching, That the Air is neceflary, by its
coldnefs, tocondenfe the Blood that paf-
fes out of the right Ventricle of the
Heart into the Lungs,that thereby it may
obtain fuch a confiftence, as is requifite
to make it fit Fewel for the vital Fire or
Flame, inthelett Ventricle of the heart.
And this Opinion feems favor'd by this,
That Fifhes, and other cold Creatures;
whofg Hearts have but ;me cavity, are al-

: 4 fo
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founprovided of Lungs, and by fome o-
ther confiderations.  But though it need
not be deny’d, that the infpir'd Air may
fometimes beof ufe by refrigerating the
Heart;yet(againft the Opinion that makes
this Refrigeration, the moft genuine and
conftant ufe of the Air) it may be Obje-
¢ed, That divers cold Creatures (fome
of which, as particularly Frogs, live in
the Water) have yet need ot Refpiration,
which feems not likely to be needed for
Refrigerationby them that are deftitute of
any {enf{ible heat, and befides, live in the
cold Water: That even decrepid old
Men, whofe natural heat is made very
Janguid, and almoft extinguifh’d by rea-
fon of age, have yet a neceffity of fre-
quent Refpiration : Thata temperate Air
isfitteft for the generality of breathing
Creatures 5 and as an Air too hot, f{o al-
foan Air too.cold, may beinconvenient

for them:(efpecially, if they be troubled

with an immoderate degree of the fame
Quality which is predominant in the Air:)
That in fome Difeafes the.natural heat is
fo weaken'd, that in cafe the ufe of Refpi+
ration were to cool, it would be more
hureful thenbeneficial to breath s and the
fufpendingof the Refpiration, may {up-

ply
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ply the place of thofe very hot Medicings
that are wont to be employ’d in fuch Di.
ftempers : ‘Thac'Nature might much beta
ter have given the Hearc bur-a moderate
heat, then {uchan exceflive one, as needs
to.be perpetudlly cool'd,; 'to keep it from
growing deftrultive ;5 whichthe gentle,
and not the burning heat of an Animals
Hearc, {eems not iatenfe enough fo indi+
{penfably to require. . Thefel and othet
Objedtions, might be oppof’d;and prefl’d
againt therecited Opinion: But we fhall
not infift on.them buc onely adde to
them, Thac ivappears novby our fores
going Experiments (I mean:the 38% and
39%) that. in our exhdufted. Receiver
where yer-Animals die fo ~fuddenly for
want of Refpiration, the ambient Body is
feiifibly hotcer then the common Air.
1. Other Learned Men thereare,who will
have the very {ubftance of the Air to get
inby the Veflels of theLungs, to the
lefe Ventricle.of ‘the Heart, notonely to
temper. its-hear, but to provide for the
generdtion of: Spirits. And thefe alledge
tor themfelves the Authority of the An-
tients, among whom Hippocrases {eems
manifeftly to-favor their Opinion ; and
both 4rifforle and Galen do fometimes

' Z 2 (for
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(for methinks they fpeak doubtfully €2
nough) appear inclinabletoit. But for
ought ever I could feein Diffections, itis
very difficult to make out, how the Airis
convey’d into the left Ventricle of the
Heart, efpecially the Syffole and Diaflole
of the Heart and Lungs, being very far
from being Synchronical : Befides, that
the Spirits feeming to be but the moft
fubtle and unétuous Particles of the
Blood, appear to be of a very differing
Nature from that of the lean and incom-
buftible Corpufcles of Air.. Other Ob.
jections againft this Optnion have been
propofd, and preft by that excellent Ana-
tomift, and my Induftrious Friend, Dr.
Highmare, towhom I{hall therefore refex
yotu.

- Another Opinion there is touching Re-

fpiration, which makes the genuine ufe of
itto be Ventilation (not of the Heart,
but) of the Blood, inits paffage thorow
the Lungs 5 in which paffage, it is dif-

burthened of thofe Excrementitious

Steams, * proceeding, for the moft part,

from the {uperfluous Serolities of the |
Blood, (we may adde) and of the Chyle |
too, which (by thole new Conduits of |
late very happily deteéted by the famous |
' Pecquer) |

|

|
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Pecquet) hath been newly mix’d withit in

the Heart.) And this Opinion is that of
the Induftrious <M e@bins, and is faid ta

have been that of that excellent Philofo-

pher G4ffendus 5 and hathbeenin part an

Opinion almoft vulgar: But this Hypo-

thefis may be explicated two ways: For

firlt, The neceflity of the Air in Refpi-

ration, may be fuppof’d to proceed from

hence; Thatas a Flame cannot long burn
in a narrow and clofe place, becaufe the
Fuliginous Steams it unceflantly throws
out, cannot be longreceiv’d into the am-
bient Body 5 which after a while growing
too full of them, to admit any more, fti-
fles the flame, fo that the vital Fireinthe
Heart requires an amibient Body, of 2
yielding nature, to receive intoit the {u-
perfluous Serofities and other Recrements
of the Blood, whofe{eafonable Expulfi-
on is requifite to depurate the Mafs of
Blood, and make it fit both to Circulate,
and to maintain the vital heat refiding in
the Heart, The other way of explicating
the above-mentiond Hypothefis , is, by
fuppofing, that the Air does not onely; as.
a Receptacle,admit into its Pores the Ex-
crementitious vapors of the Blood, when
they are expell’d through the Wind-Pipey:
i 13 bue
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but does alfo convey them out of the
Lungs, in-regard that the infpired Air,
reaching to all the ends of the Afpera Ar-
terta, does there affociate it felt with the
Exhalations of the circulating Blood,and
when 'tis exploded,carrys them away with
it felt,as we {ee that winds {peedily dry up
the furfaces of wet Bodies, not to fay any
thing of what we formerly "oblervd touchs
ing ourLiquor,whofe fumes were ftrange-
ly elevatedupon the Ingrefs of the Air,
Now of thefe two ways of explicating
the ufe of Refpiration, our Engine af-
fords us this Objection againft the firft 5
That upon the Exfuction of the Air, the
Animals die a great deal fooner then if it
were leftinthe Veflel 5 though by that
Exfuction the ambient {paceis left much
more free to receive the fteams that are ei-
ther breathed out of the Lungs of the
Animal, or difcharg’d by infenfible Tran--
fpiration through the Pores of his
Skin.
But if the Hypothefis propo( d, be taken
in the other fenfe; .it feems congruous e-
aough to that grand obfervatxon which
partly the Phenomena of our Enome, and
partly the relations of Travellers,. have
fuggcftca tous, namely, That thereis.a
certam



(353

certain confiftence of Airrequifiteto Re-
fpiration; fo thatif it be too thick, and
already ever-charged with vapors, it will
be unfit to unite with, and carry off thofe
of the Blood, as Water will diffolve,and
affociate to it felf but a certain proportion
of faline Corpufcles; and if it be tod
thin or rarefied, the number or fize of the
Acrial Particles is too {mall to be able té
aflume and carry oft the halituous Excres
ments of the Blood, in {uch plenty as is
requifite,

Now that Air too much thicken’d(and
asitwereclogg’d) with Steams, is unfit
for Refpiration, may appear by what is
wont to happen in the Lead- Mines of De-
vonfhire, (and, for ought I know,in thofe
too of other Countrys, though I have
feen Mines where no fuch thing was coms-
plain’d of) for I have been inform’d by

“more then one credible Perfon (and parti-
cularly by anIngenious Man, that hasofe
ten, for curiofity, digg'd inthofe Mines,
and been imploy’d about them) that there
oftenrifes Damps, as retaining the Ger=
mane Word by which they call them)
which does fo thicken the Air, that unlels
the Work-men fpeedily make figns. to
them that are above, they would (which

' Z4 alfo
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alfo fometimes happens) be prefently
ftifled for want of Breath; and though
their Companipns do make hafte to draw
them up, yet frequently, by that time
they come to the free Air, they are, as it
were, in a{woon, and are a good while be-
fore they come to themfelves again. And
that this fwooning feems not to proceed
trom any Arfenical or Poyfonous Exhala-
tion contain’d in the Damp, as from its
over-much condenfing the Air,{eems pro-
bable from hence; That the fame Damps
oftentimes leifurely extinguifh the flames
of their Candles or Lamps; and from
hence alfo that it.appears (by many Rela-
tions of Authentical Authors) that in
thofe Cellars where great ftore of new
Wine is {et towork, men have been {uffo-
cated by the too great plenty of the fteams
exhaling from the Muft, and too much
thickning the Air: as may be gathered
from the cuftom that is now ufed in fome
hot Countrys, where thofe that have oc-
cafion to gointo {uch Cellars, carry with
them a quantity of well kindled Coals,
which they hold near their Faces; where-
by it comes to pafs, that the Fire difcuf-
fing the Fumes, andrarefying the Air re-
duces the ambient Body toa confiftence fie
for Refpiration. =~ We
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Wewill adde (by way of confirmati-
on) the following Experiment: Infucha
fmall Receiver,as thofe wherein we kill'd
divers Birds, we carefully clo’d up one,
who, though for aquarter of an hour he
feem’d not much prejudiced by the clofe-
nefs of his Prifon, afterwards began firft
to pant very vehemently,and keep his Bill
very open, and then to appear very fick s
and laft ofall, after fome long and violent
ftrainings,to caft up fome litcle matter out
of his Stomack: which he did feveral .
times, till growing fo fick, that he ftag-
ger’dand gafp’d,as being juft ready to dies
we perceiv’d, thac within about three
quarters of an hour from the time thac he
was put in, he had {o thickaed and tainted
the Air with the Steams of his Body, that
it was become altogether unfit for the
ufe of Refpiration : Which. he will not
much wonder at, who has taken notice
In Sanctorins his Statica <Medicina, how
much that part of our Aliments, which
goes off by infenfible Tranfpiration, ex-
ceeds inweightall the vifible and groffer
Excrements both folid and liquid,

That(on the other fide)an Air-too much
dilated isnot ferviceable for the ends of
SRR HOL ACEVISRAING Refpi-
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" Refpiration, the hafty death of the Ani..
mal'we kill'd inour exhaufted Receiver,
' feems fufficiently tomanifeft; iAnd it may
- not irrationally~be doubted, whether or
10y if a Man were raifd to the very top
of the Atmofphere, he would be able to
live - many minutes, and would not quick-
ly dye for want of fuch Air' as we are
wont to breath here below. ' And that -
this Conje&ture may not appear extrava-
gant, ‘1 fhall on-this occafion fubjoyn a
‘memoradiz Relation that T have met with
in the Learned Fofephus Acofta, who
tells us, That when he himfelf paﬁ the
high Mountains of Peru, (which they call
Parigcaca) to which; he fays, That the
A lps themfelves {eem’d to them but as
ordinary Houfes, in regard of high Tow-
ers, heeznd his Companions were {urpri-
fed with fuch extream Pangs of Suammg
and Vomiting, (not without cafting up
Blood too)and with fo violenta Diftem-
per;, thac he concludes he (hould undoubt-
edly havedyed, but that thislafted not a-
bove three or four hours, before they
came Into a more convenient: and natural
temperature of Air: To whichiour Learn-
ed Author addes an Inference, which be-
ing the principal thing I defign'd in men-
tioning
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tioning , the:Narrative I'fhall fet down in
his own Words : Itherefore (fays he) per-
fwade my [elf, That the Element of the Aiy
s there [0 [ubtle and delicate, as it is not -
proportionable with the breathing of Man,
which requires-a more grofs:and temperate
Airs and 1believe it wsithe canfe that doth.
fomuch alter the Stomack, and trouble all
the Difpafition. Thus far our Author,
whofe Words I mention, that we may
ghefs by what happens fomewhat near the
Confines of ‘the Atmofphere (though
probably far from the furface of it) what
would happen beyond the Atmofphere.
That which fome of thofe'that treat of the
height of Mountains, relate out of Ari-
ftotle, namely, That thofe that afcend to
the top of the Mountain 0lympus, could
not keep themfelves alive, without car-
tying with them weg Spunges, by whofe
affiftance they could refpirein that Air, o-
therwife too thin for Refpiration: - (That
Relation (Ifay) concerning this Moun-
tain) would much confirm what has been
newly recited out of Acoffa, if we had
{ufhcient reafon to belive it : But, I con-
fels, I am very diffident of the truch of it
partly becaufe when I pafl’d the 4lps, 1
took notice of no notible change betwixt
the
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the confiftence of the Air dtthe topand
at the bottom of the Mountain; - partly
becaufe of a very punctual relation made
- by an Englith Gentleman, of his afcenfi-
on to the top of the Pike of Tenarsff
(which is by great odds higher then olym -
pus) 1finde no mention of any fuch dif-
ficulty of breathing s and partly alfo be-
caufe the (ame Author tells us out of 4-
riftorle, That upon the top of olympus
there is no motion of the Atr, infomuch,
that Letters traced upon the duft, have
been, after many years, found legible,and
not difcompofd 5 whereas that Inquifis
tive Bufbequins (who was Ambaflador
_ from the German to the Turkih Em-
Epl- 3. peror) in one of his Eloquent Epiftles,
tellsus, upon his own knowledge, That
Olympus may be feen from Conftantino- |

ple, blanchd withperpetnal Snow 5 which
{eems to argue, That the top of that, as
well as of divers other tall Hills, is not a-
-bovethat Regionof the Air wherein Me¢-
teors are formed.  Though otherwife, in
Preliching that memorable Narrative which David
apud 17a. Fralichius, made of his afcent to the top
vex: Go- of the prodigioufly high Hungarian
o IG‘;’;' Mountain Carpathus: he tells us , That
vo.  when, having pafl'd through wvery thick
S I T Clowdsy
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Clouds, became toshe verytop of the Hill,
ke foundthe Air [0 calm and [wbtle, that
not 4 hair of his bead moved, whereas in the
lower Stages of the Mountain he felt a ve-
hement Wird, But this might well be
cafual, as was his, having a clear: Aswr
where he was though there were
Clouds, not onely beneath him, buc
above him.

- But (though what has been hicher-
to difcour(d, incline us to look up-
on the Ventilation and Depuration” of
the Blood; as one of the principal and
conftant.. ufes of Refpiration; yet)
methinks it may be fufpected thatthe
Air does: fomething more then bare-
ly help to carry off what is thrown
out of the Blood in its paffage through
the Lungs, from the nght Ventricle
of the Heart to theleft. For we fee,
in Phlegmarick Confticutions and Dif-
eafes, that./the Blood will circalate to-
lerably well, notwithftanding its being
exceflively ferous Andip Afthmatical
Perfons, we often fee;: that though the
Lungs be very much ftoffd with’ tough
Phlegm yer the Patient may liveifome
Moneths;,. if not fome Years. So-that
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it feems fcarce probable,-thateither tha
want of throwing out the fuperfiuous Sea
rum of the Bloodfor a few Moments, or.
the detaining it, during fo thort awhile,in
the Lungs, fhould; be able to. kill a per-.
fectly found and lively Animal: 1fay, for
afew moments, becaufe, thathaving di<
vers times try’d the Experiment of killing
Birds in 2 {mall Receiver, we commonly
found, that within half a minute of an
hour, or thereabouts, :the Bird would be
{urprifd by mortal Convulfions,and with:
in about a mihute more would be ftark
dead, beyond the Recovery of: the! Air;
though never . fo baftily let in, Which
fort of. Experiments feem{o firange; that
we were oblig’d to make it feveral times,
which gain’d it.ithe 7/Advantage: of having
Perfons -of differing Qualities, ' Profeffi-
ons-and Sexes, (as:not. onély, adies and
Lords, but Dogtors and Mathematicians)
to witnefs it. -Andito {atisfie Your Lord-
{hip,-that it was pog.the narrownefs of the
Veflel, but the. fudden Exfuction of the
Air that difpacch'd thefe Creatures fo
{oons we will adde, That we once inclofd
one of thefe Birds in one of -thefe fmall
Receivers; where; for awhile,he was o
livcle fenfible of his Imprifonment, 'thiac

. he
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he eat very:chearfully  certain Seeds that
we convey'd inwith him, and notonely
liv'd ten minutes, buthad- probably lived
much longer, had nova gréac Perfon, that
was Spe&atox ‘of fomeof thefe Experi-
ments, refcuw’d him from-the profecution
of the Tryal. . Another Bird being with-
in about half a minute, :caft into violent
Convulfions,and reducdinto a{prawling
condition, upon the Exfiiétion of the Air,
by the pitty. of {ome. Fair Lady’s (related
to Your Lordthip) who made me: haftily
lec in fome' Air ac the: Stop-cock , -the
galping Animal was’ prefently recover’d,

and inaconditionto enjoy the benefit of
the Lady’s-Compaffion.:! - And another
time al{o,‘being refoly’d not to be interx
ruptedinur; Expcumcm,wc did,at nighty
fhuc up aBird in one of ;our fmall Riccin
vers, and obferv’d, -thatfor a good while
he fo liccleé fele the alteration of the ! Aty
that he tell afleep with his:héad under his
wing 5 and though he afterwards awak’d
fick, yct hie: continu'd upon his legs bes
tween forty:minutes and three quarters-of
an hour 5 :after which; feeming ready. to
expire, we took hmmut and foon found
him able to make ufeof the liberty weé
gave himfor a compenéation of his fuﬁerl-é
ings.
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- Tf to the foregoing Inftances of the!
fudden deftruétion of Animals, by the re--
moval of the ambient Air, we {hould now
annex fome, that we think ficter to re-
ferve till anons perhaps Your Lordfhip
would fufpect, with me, that thereis fome
ufe of the Air, which we do not yet fo
well underftand, that makes it fo conti-
nually needful to the Life of Animals:
Paracelfusindeed tells us, That as the Sio-
mack concocts <Meat, and makespart of
it ufeful to the Body,rejecting the other pars,
[fothe Lungs confume part of the Air, and
profcribes the reft. So that according to
our Hermetick Philofopher(as his follow-
ers would have him fil’d) it {feems we may
fuppofe, that there is in the Air 3 lictle
vital Quinteffence (if I may fo call it)
which {erves to the refrethment and re-
frauration of our vital Spirits, for which
ufe the grofler and incomparably greater
pact of the Air being unferviceable, it
nced not feem ftrange that an Animal
ftands in need of almoft inceffantly draw-
ing in frefh Air. - But though'this Opinis
on is not (as of fome of the fame Author)
abfur’d, yet befides that, it thouldnot be
barely aflerted,but explicated and prov’ds
ard befides that, fome Objeétions may be
i e trarp’'d
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fram’d againft it, out of what has been al-
ready argu’d againft the Tranmutation of
Air into vital Spirits: Befides thefe
things, it feems not probable, that the
bare want of the Generation of the won-
ted quantity of vital Spirits, for lefs then
one minute, fhould within that time be
able to kil a lively Animal, without the
help of any external violence at all.

But yet, on occafion of this Opinion
of Paracelfus, perhaps it will not be i~
peitinent, if before I proceed, I acquaint
Your Lordfhip with a Conceit of that de-
fervedly Famous Mechanician and Chy-
mitt, Cornelins Drebell, who among o=
ther ftrange things that he perform’d, is
affirm’d (by more then a few credible Per-
fons) to have contriv’d for the fate Learn-
ed King Fames,a Vellel co go under Was
ter; of which, tryal was made in the
Thames, withadmired {uccefs, the Veflel
carrying twelve Rowers, belides Paflen-
gers; one of whichisyetalive, andrela-
ted it toan excellent Mathematician that
inform’d me of it. Now that for which
I mention this Story, is, Thathaving had
the curiofity and opportunity to make
particular Enquiries among the Relations
of Drebell, and efpecially of an Ingenions
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{itian that marry’d his daughter, concer-
ning the grounds upon which he concei-
ved it feafible to make men unaccuftom’d
to continue {o long under water without
{uffocation , or ( as the laftly mention’d
Perfon that went in the veflell affirmes )
without inconvenience. 1 wasan{wer'd,
that Drebell conceiv’d , that ’tis not the
whole body of the Air,but a certain Quin-
teflence (as Chymifts (peake ) or ipiritu-
ous part of it, that makes it fit for re{pira-
tion, which being {pent , the remaining
gxoﬂer body, or carcafe ( ifI may fo call
it ) of the Air, is unable to cherifh the vi-
tall flame refiding in the heart: Sothat
(for ought I could gather) befides the
Mechanicall contrivance of his veflell he
had a Chymicall liquor, which he accoun-
* ted the chiefe Secret of his {fubmarine Na-
vigation. For when from time to time he
perceiv’d, that the finer and purer part of
the Air was confum’d, or over clogg’d by
the refpiration , and fteames of thoie that
went in his fhip , he would, by unftopping
aveflell full of this liquor {peedily reftore
to the tronbled Air fuch a proportion
ofVitallp"rcs as would make it againe,
for 2 good while, fit for Refpiration, ,whe-
ther by dxfﬁpatmg » or precipitating the
grofle
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groffer Exhalations, or by fome other in-
telhgxble way , Imuft not now ftay to
examine: Contenting my felfe to add,that
having had the opportunity to do {ome
fervice to thofe of his Relations, that
were moft Intimate with him, and having
made it my bufinefs to learne what this
ftrange Liquor might be , they conftantly
affirm’d that Drebell would never difclofe
the Liquor unto any , nor {fomuch as tell
the matter whereof he made it, toabove
one Perfon, who himfelfe affur’d me thae
it was,

This account of Drebell’s performance;
I'mention, not that I any further affent to
his opinionthen I have already intimated,
but becaufe the man, and the Invention
being extraordinary , I fuppofe Your
Lordfhip will not be difpleal’d to know
theutmoft I could learne about it; efpeci-
ally not having found it mention’d by any
Weriter, Wherefore I have been {ome-
times inclin’d to favourable thoughts of
their opinion , who would have the Aite
neceflary to ventilate » and cherifh the vi-

all flame, which they do fuppofeto be
continually burning in the hearc . For we
fee,that in ourEngise the lame of aLamp
will laft almoft as little after the Ex{uci-
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onof the Air, as thelife of an Animall :
Nay 1 remember that thoughIdevi{’d a
more promifing way,to make a fire laft in
our exhaufted Recelver yet it would not
fucceed: We tooke a hard body made in
the formeof 2 Clove, but twice as long,
and proportionably thick, thisbody be-
ing made of {uch a Compofition, that if it
be kindl’d at theupper end, it will moft
certainly burn away to the very bot-
tome,much better then a Match; we con-
vey'dit diverfe times kindl d at the upper
end, Into one of our {mall Receivers, but
ttill found, that though prefently upon
the Exfuction of the Air, it would leave
{moaking, and feeme quite gone out, and
againe begin to fmoke as (oon as the Air
was let in upon it;yet if the Air were kept
out but foure or five minutes, thefire
would be totally, and nrcvombly ex-
tinguifh’d - To which wee will adde, that
though we convey’d into agreat Re-
ceiver, afmall lamp with rectifi’d {pirit of
Wine, that being {o pureas notto {mut
the Cotton weckc or fomuch as a piece
of white Paper hel d over it; yet we could
not by divers tryalls make the flame laft a
couple of minutes after the Air was begun
to be drawne out, But though our Engine
thus

»»»»»
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thus thews us anew kind of refemblance
betwixt fire and life : yet the opinion we
have laft mention’d is not free from Dif-
ficulcies. For though in the hearts of ma-
ny Animall’s Blood be a warm liquor,and
in fome ev’na hot one; yetit is not eafie
to conceive either how the Air{ in fub-
ftance ) can get thither, or how, incafe it
could , it were able to encreale the heat,
Since , however, the Air may encreafe the
heatof acoale by blowing off the afhes,
and making the a&ive Corpufcles pierce
further into the kindl’d body , and fhatter
it the more, yet we fee hot liquors have
their heac allay’d, and not augmented,by
having-Air blown on them. And whereas
fome Eminent Naturalifts think it not in.
convenient, to make the heat refiding in
the heart ro be a true flame, provided they
adde, that "tis fuch a temperate,and almoft
infenfible fire; as the flame of fpirit of
Wine, which will long burne ‘upon fine
white Linnen or Paper without confu-
ming either : give mee leave to wifh that
they had been more curtous to make difte-
ring trials wich that liquor. Forfas we ob-
{erve in another Treatife) the reafon why
a Linnen cloth , dippd in common Spirit
of Wine,is not burnt by the flame of it is
Aa 3 becaufe
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becaufe the Phlegm of the Liquor de-
fends the Cloth. And the Flameof Spi-
rit of Wine s fo far from being too weak
toburn a piece of Paper, or of Linnen,
that I have ufditin Lamps to diftill Li-
quors out of tall Cucurbits, and found
that the Spirit burn’d away indeed much
fafter then Sallet Oyl, but gave atleaft as
great aheat : Nay, I have, for curiofity
fake, melted crude Gold, and that rea-
dily enough, with the bare Flame of pure
Spirit of Wine.

But not to prefs this any further, we
will, on this occafion, venture to {fubjoyn
an odde Obfervation, which may perhaps
invite to a further Enquiry into the Opi-
nion we have for Difcourfe fake oppof*d.
Our Englith Democritus, Dr.Harvey,pro-
pofes this difficult and noble Problem to
Anatomifts, WWhy a fetus, even out of the
Womb, if invelv'd in the fecundines, may
livea good while withowt Refpiration 5 but
in cafe after having once begun 10 breath,
its refpiration be flopp 4, it will prefently
die. We are far from pretending to {olve
{o hard a Problem, but this we try'd inre-
lation toit; We took a Bitch that was
faid to be almoft ready to whelp, and ha-
ving caul'd her to be hang'd, we prefently
y open'd
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open’d her - Abdomen,and found four Pup=
peysinher Womb ; oneof thefe we took
out, and having freed him from the Tegu-
ments that involv'd him, and from the
Liquor he {wam in, we obferv’d that he
quickly open’d his Mouth very wide,
mov’s his Tongue, and exercid Refpi-
ration 5 then we open’d both his 4bdomen
and his Cheft, and cut aflunder the D74-
phragme , notwithftanding which, “he
feem d often to endeavor Refpiring, and
mov’d in 1 notable manner, both theIn-
tercoftal Mulcles, part of the Diaphragme,
the Mouth and the Tongue: But that
which we mention this Puppy for, was
this, That being defirous ro try whether
the other yong ones that had not yet
breath’d at all, would long furvive this
or nos; we took them alfo out of the
Womb, and having open’d them, found
noneof them fo much alive, as to have
any perceptible motion in his heart,where-
as the heart of that Puppy which had once
enjoy-d the benefit of Refpiration, con-
tinu'd bearing {o long, that we our {elves
obierv’d the Auricle to bear, after fiveor
fix hoursy and a Servaat that ftaid up and
watch’d it after we were gone to Bed, uf-
firm’dy That he {aw the Pulfation conti-
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nue about two hours longer. T fhall leave
it to others to make Refletions upon this
QObfervation, compard with Dr, Har-
wey’s Problem.

It is much doubted, whether Fifhes
breath under Water, and we fhall not take
upon us, as yet, to determine the Quefti-
on either way, beciule we have not yet
been able to procurelittle Fithes alive to
make Experimeats upon: That {uch as
are not Setaceous (for fuch maniteftly
breath) have not Refpiration, properly
{o call’ds fuch as is exerci{*d by four footed
Beafts, and Birds, may be argud from
their having but one cavity in their Hearts,
& from their want of Lungs, whence they
are obferv’d to be Mute ; unlefs we (ay,
what is not altogether ablurd, That their
Gills feem fomewhat Analogous (as to
their ufe; to Lungs, But that on the other
fide, Airis neceflary to the Lives even
of Fifhes, and that therefore ’tis proba-
ble they have [ome obfcure kinde of Re-
fpiration, {eemsmanifelt by two or three
Obfervations and Experiments,mention’d
by divers Authors, who tell us, That
Fifhes [oam die in Ponds and GlafJes quite
Flbdwith water s if the one be [0 frozen
over, and the other [o clofely [fopp’d, that
the Fifbes cannot enjoy the benefit of the

) Atr
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‘Air, if weallow them to betrue, But
becaufe thefe Relations arenot wont to

be deliver’d by Writersupon their own -

Knowledge, as I {hall not reje¢t them, fo
I dare not build upon them,till Thave op-
portunity to examine them by experience.
In the mean time, we will adde, That our
Engine has taught us two things that may
illuftrate the matter in hand: The one,
That there is wont to lurk in Water, ma-
ny lictle parcels of inter{perfd Air,where-
of it feems not impoffible that Fifhes may
make fome ufe, either by feparatng it
when they ftrain the Water thorow their
Gills, or by fome other way: The other,
what may be colleéted from the following
Experiment.

We took a large Eele (being able to
procure no other Fifh alive) and removing
it out of the Veflel of Water, wherein
it was brought us, into our great Recei-
ver, we caul’d the Air to be pump’d out 5
and obferv’d, That the Eele, after fome
motion to and froin the Glafs, feem’d

{fomewhat dif-compo{d ; and that when-

we had profecuted the Exfuétionof the
Air fomewhat obftinately, fhe turn’d up
her Belly, as dying Fifhes are wont to do,
and from thence-forward lay altogether

' movelefs,
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movelefs, juft as if fhewere. ftark dead s
and though I did not think her fo, yetthe
continuing in that Pofture, evenafter the
Cover of the Receiver was taken off
(whereby the Air was letin) I fhould have:
been of the Opinion of the By-ftanders;if
the Diffidence I am wont to exercife in
trying Experiments(efpecially {uch as are
not ufual) had notinvited me totake the:
Fifh aut of the Receiver, upon which the
fhew’d her felf, by hervivid motions, as
much aliveas before. :

> But that is moft ftrange which we ob-:
ferv’d ot agrear, gray, Houle Snail. (as
they callit) which being-clof:d upin one
of our {fmall Receivers, did not one}y,

* not fall downfrom the fide of the Glafs,

upon the drawing out of the Air (For
that may beafcrib’d to the tenacity of the
Liquor wherewith Snails ufe to ftick:
them(elves, even to the fmootheft Bo-
dies) butwas not {o much as depriv'd of
progreffive motion by the recefs of the
Air: Thoughexcept this Snail;. we ne-
ver put any living Creature intoour Re-
ceiver, whom it did not either kill, orac
Yeuft reduce to feem ready todye. Buc.
as we{hall not here examine what intereft
the glutinous, and uneafily-diffipable Na-
ture
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tureof the Juices of Snails, may haveon
this events fo whether this efcape of our
Eele be to be afcrib’d to the particular and
vivacious Nature of this fortof Fifhes ;
orto this, That the Air is not indeed ne-
ceflary to the life of . Fifhes 5 or finally to
this , That though thefe Animals need
fome Air, yet they need fo little, cthat
that which could not be drawn out of the
Receiver, might (atleaft for a while) {uf-

fice them, we willnot now determine.
Nor are we at leifure to examine that
Paradox of Hippocrates, which fome
Learned Phyfitians, have of latereviv'd,
namely, That the Fatus refpiresin the
Womb : For on the one fide it feems ve-
vy difficult to conceive, how Air fhould
traverfe the Body of the Mother, and the
Teguments of the Childe: And fince
Nature has, in new-born Babes, contriv’d
peculiarand temporary Veflels, that the
Blood may circulate thorow other Paffa-
ges, thenitis wont to do in the fame In-
dividuals when they come to have the free
ufe of their Lungs, it feems unlikely,
that Infants in the. Womb do properly
refpire, . Butthen {ince our Experiments
have manifefted, Thatalmoftall kinde of
Liquors do,as well as Water, abound with
in-
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inter(per(*d Corpulcles of Air, it feems
not altogether abfurd to fay, That when
the Fetusis grown big, he may (efpecial-
ly the upper part of the involving Amwi-
os, being deftitute of Liquor, and fill’d
onely with anhalituous Subftance) exer-
cife fomeobfcure Refpiration ; efpecially,
fince ’tis not (as many wife Men think it)
a Fable, That Children have béen heard
to cry in the Mothers Womb:For though
it happens exceeding rarely, yet fome-
_ times it has been obferv'd. ~ And I know
a young Lady, whofe Friends, when fhe

was fome-Years fince with Chllde come
plain’d to me, Thatthé was feveral times
much frighted with the Cryes of' her In-
fant, which, till T difabufd Her; ‘She and
Her Friends look'd’ ‘upon as Poitentous.
Andfuch Obfervations are the moteicre-
dible, becaufe not onely Houfwives, but
ore judicious Perfons, mentionit, 4sno
very unfrequent thing to hear the Chick
Pip or Cry in the Eg g, before: the Shell
be broken. - But this I mention but as
a probable, notacogent Argusment; till
I can difcover whether an Elifion of an
halituous Subftance; - though ' noe true
Auw, maynot at thetop of the Laryns
pro-
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produce a Sound, fince I find that the
Blade of a Knife, held in feverall poftuies
in the ftreame of Vapors (or rarified Wa-
ter) that ifiu’s out of an e £olipile, willaf-
ford varions and very audible Sounds.

I'had thoughts of conveying into our
Receiver young ones , ripped out of the
wombe of their Dammes , with their in-
volving Coates intire, but could not pro-
cure them. And T have alfo had thoughts

of trying whether it be mot practicable,

to make a Receiver, though notall of
glafle , yet withlittle glaffe windows, fo
placed, that one may freely look intoit,
capacions enoagh to hold aMan,who may
obferve feverall things, both touching
Refpiration,and divers other matters;and,
who in cafe of fainting,may, by giving a
figne of his weaknefle,be immediately re-
liev’d by havingair letin upon him. Andic
feems not impoflible, but that by accufto-
mance, fome Men may bring themfelves
to {upport the want of Air a pretty while,
fince we fee that divers willlive {o much
longer then other Men under Water : that
thofe that dive for Pearlesin the Weft
Indies are faid to be able to ftay awhole
houre under water. And Cardartelsus of
one Colanns 2 Diver in Sicily , who was

‘ able
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Cadan.de gble to continue (if Cardan neither mi-

Subtilitat.
libo11,

Ub.g.c. 15

ftake, nor impofe upon us ) three or foure
timeés as Jong. Not to mind Your Lord-
thip, that You have Your felfe often feen
in England, a corpulent Man,who is wont
to delcend to the bottome of the Thames,
and bring out of the deep holes at the
bottome of the bankes , large fithes alive
in his hands. And «Acoff4 tels us,he faw
in Pern thelike manner of fithing, but
more difficult, practifed by the Indians.

I made mention of fome Men, and of
Accuftomance : becaufe there arebut ve-
ry few, who, though they ufe themfelves
toit by degrees, are fit to lupport,for ma-
ny Minutes, the want of Air.  Infomuch
that aningeniousMan of my acquaintance,

‘who is very famous for the ufefull skill

of drawing Goods,and ev’n Ordnance out
of funke Ships, being asked by mee, how
long hewas able to continue at the depth
of 50. or 6o. feet under water , without
the ufe of Refpiration, confefled to mee,
that hee cannot continu¢ above two mi-
nutes of an houre,without reforting to the
Air, which hecarries downe with himina
certaine Engine (whereof I can {how your
Lordfhip a Defcription. ) Another thing
Talfo learn’d of him by enquiry, that was
not
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not defpicable: For asking him, whethet
he found any ufe of chawing little {fpon-
ges diptinovle in his Mouth,when he was
perfectly under water, and at adiftance
from his Engine, he told me, that by the
help of thefe {fponges he could much lon-
ger fupport the want of his wonted Refpi-
ration, then he was able to do without
them. The true caufe of which would per-
haps, ifdifcovered, teach us fome thing
pertinent to the Probleme touching the
Refpiration of Fifhes

But the neceffity of Air to the moft
part of Animals unaccuftom’d to the want
ofit, may beft bejudg’d of by thefollow-
ing Experiments,whichwe try’din ourEn-
gine, to difcover whether Infeéts them-
felves havenot, either Refpiration, or
fome other ufe of the Air equivalent
thereunto, :

We tooke thenan humble-bee, one of
thole common flyes thatare call’d fleth
flyes, and one of thofe hairy wormes thac
refemble caterpillars , and are wont to be
call’d Palmer-wormes : Thele three wee
convey'd into one of our fmall Receivers,
and obferv’d to the great wonder of the
Beholders, that not onely the Bee,and the
Ely fell downe, and lay with their bellies

upwards;
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upwards; but the worme it {elfe feemed to
be {uddenly ftruck dead : all of them be-
ing reduc’d to lye without motion, or any
other difcernable figne of life, within
fomewhat lefle ( if we miftake not) then
one minute of an houre. And this,not-
withftanding the {malnefie of the Animals
in proportion to the capacity of the vef-
fels: which circumftance we the rather
mention,becaufe we found that the veflell
was not free from leaks . And to fatisfie
the Speltators, that ‘twas the abfence of
the Airthat cauf’d this great and fudden
change: we had no {ooner re-admitted the
Air at the ftopcock, thanall the three In-
fects began to fhew fignes of life,and little
by littletorecover, But when we had a-
gain drawn out the Air,their motions pre-
fently ceafed,& they fell down feemingly
dead as before,cotinning movelefs,as long
as,by continuing to pump , the veflell was
kept exhaufted. This invited us thankful -
ly to refle¢t.upon the wife goodnefle
of the Creator, who by giving the Air a
{pring,has made it fo very dithcult,as men
findit, toexcludea thing {o neceflary to
Animals : and it gave us alfo occafion to
fufpect that if Infects have no lungs, nor
any part analogous thereunto, the ambigm

ir
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Air affeéts them, and relieves them at the
Poresof their Skin, it not being irratio-
nal to extend to thefe Creatures -that of
Hippocrates 5 who fays, That a Living
Body is throughout perfpirable; or to
ufe his expreflion, ‘e/raver 5 semver, difpol’d
to admit and part with what is Spirituous:
‘Which may be {omewhat Illuftrated by
what we have elfewhere noted, That the
moifter parts of the Air readily infinuate
themfelves into, and recede .from the
pores of the Beards of wilde Qates, and
thole of divers other wilde Plants 5 which
almoft continually wreath and ufwreath
themfelves according to, even, the light
variations of the temperature of the am-
bient Air.. !

...'This Circumftance of our Experiment
we particularly took notice of, that when
atany time, upon the Ingrefs of the Air,
the Bee beganto recover, the firit fign
of Lite fhe gave, was a vehement pant~
ing; which appear’d near the Tail: Which
we therefore mention, becaufe we have
obferv’d the likein Bees drown'd in Wa-
ter, when they firft come to be reviv’d by
a-convenient heat: As if the Air were in
the one cafe as proper to {et the Spirits

! and
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and Alimental Juice a moving, as heat is
inthe others and this may perchance des
{erve afurther confideration.

We may adde, That we {carce ever {aw
any thing that feem’d {o much as this Ex~
periment, to manifeft, That even living
Creatures (Man always excepted) are a
kinde of curious Engines, fram’d and con-

riv’d-by nature (or rather the Author of
it) much more skilfully then our grofs
Tools and unperfe¢t Wits can reach to.
For in our prefent Inftance we fee Ani-
mals, vividand perfectly found, deprivid
immediately of motion, and any difcerns
able fignsof life, and reduc’d to a'condi-
tion that differs from death, but in that it
isnot abfolutely irrecoverable. This (1
{ay)we fee perform’d without any,{o much
as the leaft external violence offered to
the Engine; unlefsit be fuch as is offer'd
toa Wind-Mill, whenthe Wind ceafing
to blow onthe Sayls, ‘all the {everal parts
vemain movelels and ufelefs, till a new
Breath put them into motion again.

And this was further very notable.in
this Experiment; That whereas tis known,
that Bees and Flies will not onely walk,
but flie for a.great while, after their heads

are
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are off s and fometimes-one half of the
Body will, for divers hours) walk up and

down, when it is {fever'd from the other:

Yet, upon'the Exfuétion of the!Air, not
onely the progrefive motion: of  the
whole Body,but the very motioasof the
Limbs do forthwith ceafes asif:the pre-
fence of the Air were more neceffary to
thefe Animals, then the prefeme of their
own Heads.: i
" But it {eems, that in thefe Infeé‘ts, that
fluid Body(whether it bea Juice or Flame)
wherein ixfe chiefly refides, is>nothing
ner {o eafily diffipable, as iniperfet Ani-
mals. For where, as we have above re-
cited, that the Birds we conveyedinto our
fmall Receiver were within two minutes
brought to be paft Recovery, we were
unable (though by tyring him that
pump’d) to Kill our Infeéts by theexfu-
¢tionof the Air: For though, -as long
as the Pump was kept moving; they con-
tinued immovable, yet when we defifted
from pumping, the Air that prefldinat
the unperceiv d Leaks, did (though flow+
ly) reftore them to the free exerafe of the
fun&ions of ‘Life, .
©‘But, My Lord, I grow troublefome,
and therefore fhall pafs on to other Expe-
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periments ¢ Yet- without difpairing of
your pardon for having entertain’d youfo
long about the ufe of Refpiration, becanfe
it isa lubje of that difficulty tobe ex<
plain’d; and.yet of that importance-to
humane Life; that T {hall not regret the
troublé my Experiments-have coft me, if
they b&found in any degree {erviceable to
the purpefes torwhich they were defign’ds
AndthoughT defpair not but that here-
atter our-Engine may furnifh us with di-
vers Pnanomena ufeful to Illuftrate the
Doctrineof Refpiration s yethaving not,
as yet;-had the opportunity to makethe
other tryals, of various kinds, that I
judge téquifite for my. Information: I
muft confefs to Your Lordfhip, that in
what Lhaye hitherto faid, I pretend: not
fo muchito eftablifh, -or-'over-throw this
or that Hypsthefis, asito lay together di-
versiof the Particulars that occur'd to me,
in order to-arfuture inquiry. I fay, di-
vers of the Particulars, ' becaufe I could
adde many others, bur thetl want time,
and fear that I fhall need Your Lordthips
pardon, tor baving been o prolix in Wii-
ting 5 and that of Phyfitians (which per-
haps 1 {hall more eafily obtain) for having
invaded Anatomy, a. Difeipline which
3 they



(383)

they challenge to themfelves, and indeed
have been the almoft fole Improvers of.
Without ‘denying then that the infpir'd
and ex{pir’d Air may be {ometimes very
uleful, by condenfing and cooling the
Blood that pafies through the Lungs 5 I
hold that the depuration of the Blood in
that paffage, is not onely one of the or-
dinary, but one of the principal ufes of
Refpiration.’ But I am apralfo to fufpeét,
that the Air does fomething elfe in Refpt
ration, which has not yet been fufficient-
ly explain’d ; and therefore, till I have ex-
amin'd the matter more deliberately, I
fhall not {cruple to anf{wer the Queftions
that may be asked me touching the ge-
nuine ufeof Refpiration, in the excellent
Words employ 'd by the acute St, Axffin,
to one that ask’d him hard Quettions =
eMallem quidem ({ays he) cornm que a
me quafivifti, habere [cientiam quam ig-
norantiam : [ed quia id nondum potui, mas
gis cligo cantam ignorantiam confiteri,
quam falfam [cientiam profiteri,
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- Y3 Aving (partly upon the confideration
of fome of the foregoing Experie
ments, and partly upon grounds not now
tobe infifted on) entertain’d -a {ufpition,
that the a&ion of Corrofive Liquors in
the diffolving of Bodies, may be confide«
rably varied by the gravitation or preflure
of the incumbent Air, and the removal
of it; Ithought fit to examine my Con-
jecture by the following Experiment, -

I took whole pieces of red Coral, and
¢aft them into as much Spirit of Vinager;
as fufficed to {fwim above anInchover
them: Thefe {fubftances I made choice of,
that the Ebullition upon the Solution
might not be too great, and that the o-
peration might laft the longer.

Having then put about half-a-fcore
Sprigsof Coral, together with the Men-
frunminto a fomewhat long fieck’d Viol,
whereof they {eem’d fcarce to fill a third
part, weconvey’d that Viol into oneof
our fmall Preumatical Glafles, containing
by ghefs about a Quart of Water; and
having faftned on the Cover, after the
accuftom’d manner, we fuffered the Li-
quor
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quior to remain unmov’d awhile, to ob-
ferve whether the <Menfrunm would
work upon the Coral otherwife then be-
fore, Butfinding there did onely arife,
as formerly, a pretty number of {mall
Bubbles, thatmade no fenfible froth up-
on the furface of the diftill'd Vinager,
there were made two or three Exfuctions
of the Air; upon which, there emerg’d -
from the Corall fuch a multitude of Bub-
bles, as made the whole Body of the
«Menftruum appear white ; and foonaf-
ter, a Froth, .as big asall the reft of the
Liquor, was{eento {wim nponit: And
the <Menftrunm plainly appear’d to boil
in the Glafs, like a f{eething Pot. And
though, if we defifted but one minute
from pumping, the decrement of the
Froth and Ebullition, upon the getting
in of alittle Airac fome Jeak or other,
feem’d to argue, that the removal of the
the preflure of the external Air was the
caufe, or, at leaft, the occaflion of this
effervelcence: Yet to evince this the more
clearly, weturn’d the Key, and let in the
external Air at the Stop-cock 5 immedi-
ately upon whofe entrance the Froth va-
nifh’d, and fo many of thie Bubbles with- -
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in the body of the Liquor difappear’d, that it
loft its whitenefs,& grew tran{parent agains
The < enftrunm alfo working as languidly
upon the coral,as it did betore they were put
into the Receiver: But when we had again
drawn out the Air,firft the whitene(s re-ap-
pear’d,thenthe ebulition was renewd, which,
the pumping being awhile longer & nimbly
purfued, grew fo great, that for 3 or 4 times
one after another, when ever the Air was let
outof the Receiver into the emptyed Cylin-
der; the frothy liquor over-flow’d the glafs,
& ran down by the fides of it: And yet,upon
the readmitting of the excluded air,the boil.
ing Liquor grew immediatly as calm and as
tran{parent as at firft:as ifindeed the operati-
onofit,upon the Coral,had been facilitated
by the ex{uction of the incumbent air,wech on
itsrecefs,leftit more eafie for themore active
parts of the liquor to fhew themfelves {uch,
then it was whilft the wonted preflure of the
Air continued unremoved. It may indeed be
fufpeéted,that thofe valt & numerous Bub-
bles proceeded, not from the aétion of the
Menftruum upon the Corall, but from the
fuddain emerfion of thofe many little parcels
of air thar(as we formerly obfervd)are wont
to bedilperfd in liquors,without excluding
Spirit of Vinegar;but having had this {ufpi-
tion before we tryd thz Experiment,we con-
vey'd
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vey’d our diftill’d Vinager alone into the Re-
ceiver,and keptit awhile there,to free it from
its Bubbles (which were but very {mall ) be-
fore ever we put the Corallintoir. It may
be {ufpected likewile, that the agitation of the
Liquor, neceffary following upon the fhaking
of the Glafs,by pumping,might occalion the
recited Ebullition; butupon tryal made,there
appear’d not any notable change in theliquor,
or its operation,though the containing Veflel
were fhaken, provided no Air were fuck’d out
ofit. The former Experiment was another
time trydinanother {fmall Receiver,with Co-
ral grofly poudred, and the (uccefs was very
much alike, fcarce differing in any thing, but
that the Coral being reduc’d to {maller parts,
upon the ebullition of the liquor,fo many lit-
tle lumpsof Coral would be carryed & Boy’d
up by the emerging Bubbles,as fometimes to
darken the Viol 5 though the {ame Coralline
Corpufcles would be let fall again upon the
letcing in of the Alr,

Something alfo we try'd in our great Receiver,
concerning the {olution of Metals in Agqua fortss,and
other Corrofive Liquors , but partly the funk, and
partly fome accidents, kept us from obferving any
thing peculiar & remarkable about thofe Solutions.

One thing we muft not omic,thit when the Spiric
ot Vinager was boiling upon the Coral, we took off
the Cover of the Receiver,and took out the Viol but
could not finde,that notwithtanding fo very latean
Ebuilition, the Liquor had any heat great enough to
b at all fenfible to our hands, We
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Espe VVE will now (ubjoyn an Experi-

ment, which, if the former did

w45 43 pot leffen, the wonder of it would pro-

bably appear very ftrange to Your Lord-
fhip, asic did to the firft Spetators of
it.

The Experiment was this : We caul*d
Water to beboyl’d a pretty while, that
by the heatit might be freed from thela-
titant Air, {o often already taken notice
of in common Water: Then almoft fil-
ling with ita Glafs Viol, capable of con-
taining near four Ounces of that Liquor s
we convey d it, whil’ft the Water was yet
hot, mntoone of our fmall Receivers (big
enough to hold about a pound of Water)
and having luted on the Cover, we cauf’d
the Air to be drawn out: Uponthe two
firft Exf{ulions, there {carce appear'd any

“change in the Liquor, nor was there any
,notable alteration made by the third ; buc
atthe fourth, and afterwards, the Water
appear’d to boylin the Viol, as if ithad
ftood over a very quick Fires; for the
Bubbles were much greater thenare ufu-
ally found upon the Ebullition of Ver%
muc




(389)
much more Water thenwas contain’d in
our Viols - And this Effervelcence was {o
great in the upper part of the Water, that
the Liquor boyling over the top of the

Weck apretty deal of it ran down Into the -

Receiver, ' and fometimes continued
(though more languidly) -boyling there:
Profecuting this Experiment,weobferv’d,
that fometimes, after the firft Ebullition,
we were reduc’d to make divers Exfucti-
ons of the Air, before the Liquor would
be brought to boyl again.© But at other
times, as oftenas the Key was turn’d to
let the Air pafs from the Receiver into
the Pump, the Effervefcence would be-
gin afrefh, though the Pump were ply’d
fora pretty while together ; which feem’d
toargue, that.the boyling of the Water
proceeded from hence, That upon the
withdrawing the preflure of the incumbent
Air, either the Fiery Corpufcles, or ra-
ther the Vapors agitated by the heat in
the Water (which laft, what we have for-
merly noted touching the rarefled Wa-
ter of an e£olipile, manifeft to be capa-
ble of an Elaftical Power) were permit-
ted to expand themfelves mightily in the
evacuated Receivers and did, in their

: tumul-
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tumultuous Dilation, " lift up ‘(as the Air
is wont to do) the uppermott partof the
Water , and tutning it into-Bubbles,
made the Water appear boiling. This
conjecture was further confirm’d by thefe
additional Circumftances: Firft, The
Effervefcence was confin’d to'the upper
part of the Water, the lower remain-
ing quiet, unlefs the Liquor were but
fhallow. Nexr, although fometimes (as
isalready noted) the Ebullition began a-
gain, after it had ceaf’d a pretty while,
which feem'd to infer, That {fome concur-
rent caufe (whatever that were)did a lictle
Modifie the'operation of heat ;. yet; when
the water in the Viol could by no pum-
ping be brought to boil any more, the
{elf-fame Water, being in the very fame
Viol warm’d again, and reconvey’d into
the Pneumatical Glafs, was quickly

‘brought to boy! afrefh, and that vehe-

mently and long enough ; not to menti-
on, that a new parcel, taken out of the
fame parcel of the boyled Water with
the former, and put in cold, could by no
pumping be brought to the leaft {thew
of Effervefcence. Befides, having try’d
this Experiment in hot Sallet Oyl, be-
ing
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ing amuch more tenacious Liquor, and
requiring a ftronger heat to make it boil,
could not *be brought-to an Effers
vefcence in our Reciver;  whereas the
Chymical, Oyl of Turpentine, -being
thinner and more valatile;: was prefent-
ly made to boyl up, till it reach’d four
or five times its former height in ‘the
Viol, .iniwhofe bottom it lay, and con-
tinu d boyling: till. it was almoft reduc’d
to be but-luke-warm.:: Wine allo be-
ing ‘a2 more «hin-and {pirituons Liquor
then; Witer, being convey’d in hot in-
{tead of thie Oyl didyras Iremember, at
the very firft Ex(uction begin to boyl {o
vehemently,: that, in ai-fhorr'time -that
the - Pump was: keptmaying, fourparts
‘of fivey, by pur ghels,::hoyl’d over out
of: the [Viol;; thoughighada pretty long
Neck, . Onwhichr occafion we withadde,
that even. the Watey it {elf, near one
hatf, ; woyld -fometimes. boyl over into
the “ Rectaver: -before ‘it became . Juke-
warm, Andit was al{ofemarkable, that
ofice, whenthe:Airhad' been drawn “out,
the Ligyordidicupondfingle Exnéti-
on, baylfo long with prodigioufly- vaft
Bubbles; ithac the Eftervelcencelafted alf-
: moft




e Do ATy S SR

(392)
thoft as long as was requifite for the re~
hearfing of a Pater Nofter.” “Now'the
Experiment having been try’d more then
once;and found to {ucceed as to the main
{eems much to countenance the conjeGure
we made at the-beginning of this Letter,
where we told:your Lordfhip, “That per«
haps the preflureofithe Air might have an
icereft in mote Phenomena then men
have hitherto thought. - Foras we had
not then made this Experiment; {o now
we have madeit,  it'feems:to teach, Thae
the Aif, by its fironger or weaker pref:
{ure, may very much Médifie (as the
School-men {peak) divers of ‘the Operas
tions ‘of that wehement and. tumultuous
Agitation of the fimall ‘parts: of *Bodies,
whterein the natireof heat feernss chiiefly, it
not folely, to confift. o Infomach tharif
aheated Body were corivéy’d (dbove the
Armofiphere; ‘tis probable.that the heat
may have a differing operation,as to'the
‘power of diffipating-the partsyof it; from
‘what it has herebelow. - =i oA, o

Toconclude, This Experiment might
have - been further profecuted; but our
want of leafure makes -us content our
felves to.adde ar:prefent; Thaeperhaps

bie
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it would not be loft labor if this wera
try’d, notonely with other Liquors, bug
with variety of heated, and efpecially foft
ormelted Bodies: But in fuch cafes the
Receiver ought to be fo thap’d, asis moft
proper to preferve the Cement wherewith
the Cover muft be faftned on, from bein
melted by the heat of the included Mat-
ter 5 the inconvenience to be hereby a-
voided, having befallen usin the ufe of a
Receiver too fhallow, though otherwife
capacious enough. :
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' '(.77)6 Conclufion.

BEino come thus far; My Dear Lord,

not without' thouOhts ofu pxoceedmo
further : The unwelcome Importunity of
my Occafions becomes {0 prevalent, that
it quite hinders, for theprefent, my de-
fign’d Progrefs ; and reduces me, not
onely toreferve for another opportunity
that kinde of Experiments, which, at
fome diftance from the beginning of this
Lecter, I call’d: (as Y our Lordﬂnp may
1ememben Experiments of the fecond
fort 5 butto leave uneffay’d fome of the
ﬁxﬁfoxt which I might try inthe En-
gine, as it now is, wereit not that my
A\(O@amons are grown fourgent, formy
remove from the place where the Engine
was {et up, that I am put to write Your
Lordfhip this-Exeufe,. Weary, andin-an
Iine which I takeinmy way to my Dear-

. €
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reft Brother Corke: Who - being at
length arriv'd in Enql;md after T have
for diverfe Yeares been deprived of His
Company , and wifh’d for it as long 5
what ever mv other occafions may be

my firlt Befisefle moft be to wuit on
Him and Your Excellent Mother; in
whole gratefull Company T may hope
to forget a while thole publick calami-
ties that diftrefle this ton defervedly

unhappy Nation.  Since that is indear’ds

to me, both by their perfonall Merics
by the near Relation which Nature
gives me to Him, Affinity to Her, 1nd
Friendfhip to both; and alfo by their
many Favours , efpecwuly that of my
owing them My Lord of Dungayvan.
But I fuffer my felfe to be tranfported
too farre with thefe delighcfull thoughess
To returne therefore to our Enﬂme.,
Though I find this Letter is beyonc J my
expe&atmn fwell’d, not only into a
Book, but almoft into a Volumej; yet
the Experiments already mentioned in
it, are {o fure from comprifing all thole
that may be try’d by the hdp of our
Engine, that I have not yet been able to
Ly all thofe, which, prefently occuriing
e to
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to my thoughts, upon my firft feeing
the working of it, ‘I Caus’dto be fet
‘down in a Cartalogue within leffe then
halfean houre. But I doubt I havebut
too much caufe to apprehend that the
Aftaires, and other things I complaine
of , have made it needfull for me to A-
pologize , as well for the things I have
{et down, as for thofe [ am neceffitated
to omit. For as partiall as men ufe to
be to the children of their own Braines,
as well as to thofe of their Loines, I
muft not deny that the foregoing Try-
als are not altogether free from fuch
unaccuratenefles, nor the recitall of them
from fuch imperfections , as I my felfe
can now difcerne, and could perhaps
partly mend , if I had the leafure to re-
peate the Experiments , with the Cir-
cumftances that have fince offer’d them.
felves to my thoughts, as things that
might have been worth Obfervation or
Enquiry. But the truth is, that I was
reduc’d to make the fe Experiments, when
my Thoughts had things that more
concernd me to imploy them, and the
fame avocations made me fet them

down, for the moft part, afloone ahs 5
‘ ad
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had made them, and in the fame order,
and that {o faft thac I had not over-fre-
quently " the opportunity to mind any
more then the bare Truth of what I
fet down ; without allowing it any of
thofe Advantages that Method, Style,
and decent Embellifhments, are wont to
conferre on the Compofures they are
imploy’d do adorne,

But, my Lord, though to invite and
encourage You and your learned Friends
at Paris, to make a further ufe of this
Engine than I have yet been able to do,
Iam thus free to acknowledge the im-
perfections of the foregoing Letter: yet
if fome Intelligent Perfons miftake not,
-by what has been done, fuch as it is,
there isa way open’d, whereby Sagacious
Wits will be aflifted to make fuch fur-
ther Difcoveries in fome points of Na-
turall Philofophy, as are yet fcarce
dream’d of. AndI am the more defirous
to engage You to that Imployment, be-
caufe Iam apt to think , that it the Ma-
king and Writing of fuch Experiments
fhall coft You as much trouble as they
have me, You will be inclin’d to Excule
me 5 and if the Difcoveries give You
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as much pleafure as chey gave me, You
will ¢perhaps) be invited to thank me.
} owever, Ithink (my Lord) I may ju-

ftly pretend, that the things I have fec
down have becn axthfully Recorded;
though not elaborately Written; and I
fup poﬁe my former Papers may have long
fince fausfi'd You, that though many
devife Experiments better than Your Ser-
vant, none perhops has related them more
carefully and more tiuely: And particu-
larly of Thele; fometimes one, fome-
times another hath been perfonndm the
prefence of Perlons , diverfe of them
eminent for their Writings, and all for
theis Learning. Wheretore having in
the fmeoonw Narratives made it my
bufinefle to enoble them with the chiefe
lequifites of Hiftoricall Compofures,
Candor, and Truth , I cannot defpair
that Y ou will either Excufe their Imper-
feltions, orat lexft Forgive them: E(pe-
.m; confidering , that this unpolifhdl

Lerter is as weli a Production of Yoty
Lordthip’s Coromands and my Obedi-
ence, as a Teftimony of my Defireto
nake others beholden to my Lord of
Dun-
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Dungarvan, by the fame way by which
Tindeavour to exprefle my felfe

Becn’s-fi 1d this
20th. of Decems : o
ber, 1659

His Lordfbips

Moft obedient Servant,

and

Moft affe@tionate Unckle,

o

e
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ROBERT BOYLE.




R e e R

s

PR T T

2

Pag. 4. line. 8.dele that.  vo. Y1.d. withia and withont,
X2, 3. 00 atthe. 18, 25. devoid. 18, it im.giuably
27.¥%. ai’s fpring. 28027, refraflions. 31, 1. Rucciolo
32.5.de that.  34. 16,3t bent. 46. 22, diftended air. 47.
21. madeeven, by, 48.6. uot from. €9, 19, int0 73,
26, cloath of. 76. 26. wax candle. 102,23 fancher.103.
6. we vnited, 104.1. d. 1. 106. 21.12 an. 106. 24. ther
if. 115.16. an other tiyall. 150, 22. tine, after. 1§52, 9.
iy 5. 166. 26. how every 172, 15. EF, 173. 9. Diad.
S—. Capalis tortuofi ( QR ) vitimum orificium Z. 174.
18. varefution. 18z2.9. twenty firll. 184.6. move air. 194.
19. wont to. 228. x1.0fthe Atmofphere. 235 16, the [eale,
246. 27.d. be. 247. 19. admit it, 257.in margine. geogrs
general. 270.24. the glaffe. 277. 24,4 degree. ‘290.‘8, ot
neither as.294. 27. F 1o C. 294. ult. 30 ‘:: 299.24. To-
loufe. 300. 15. difforme. 309. 27. Licid. 321. 10. pof-
Jeflor’s. 356.16. Pariacaca. 353, 3. is a puncinall 358,
26. Frelichius. 362. 14. profcribe. 362, 26, as fome of-

ot i i i+ it

<@













N

N\




4

SPRING
OF THB AIR

AANA AN

:
; 7
1 /s

OYLB 4

Q

A AR A e Al 5 PN







