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To the Readers

Lthough the following Treat
tife being far more prolix 
then becomes a Letter, and 
then 1 at fir (I intended it; I 
am very unwilling to en*

crease the already excessive bulk of the 
Book by a Preface, yet there are some par- 
ticulars that I think myself oblig’d to take 
notice of to the Reader, as things, that will 
either concern him to know, or me to have 
known.

In the fir ft place then: if it be demand­
ed why I publish to the World a Letter,which 
by its Stile and diverse Passages, appears 
to have been written as welt For, as To a 
particular Person . I have chiefly these two 
things to answer : The one, That the Ex* 
periments therein related, having been ma^ 
ny of them try‘d in the presence of Ingeni­
ous Men j and by that means having made
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To the Reader:
some noife jtrnong the Virtuosi ('insomuch 
that sortie them have been sent into To-* 
reign Countries, where they have had the 
luck not to be despis’d) / could not without 
quite tyring more then one Amanuensis,give 
cut half as many Copies of them as were so 
earnestly desired, that 1 could not civilly 
refuse them. The other, That intelligent 
Persons tit matters of this kin de perfwaded 
-rrc, that the publication of what I had oh- 
serv’d touching the Nature of the (~Airy 
would not he useless to the World; and that 
in an Age so taken with Novelties as is ours, 
these new Experiments would be grateful to 
the Lovers of free and real Learning: So 
that I might at once comply with my grand 
Design of promoting Experimental and 
Useful Philosophy, and obtain the great sa­
tisfaction of giving some to ingenious Men5 
the hope of which, is, I confess, a tempt a - 
tion that I cannot easily resist.

of my bang somewhat prolix in many 
of my Experiments, 1 have these Reasons 
to render, That some of them being altoge­
ther new, seem'd to need the being circum­
stantially related, to keep the Reader from 
distrusting them: That divers Circum­
stances I did here and there set down for fear 
of forgetting them, when I may hereafter

have



To the Reader;'
have occasion to make use of them in my fi­
sher Writings: That tn divers cafes I 
thought it. necessary to deliver things cir­
cumstantially, that the Person 1 addressed/ 
them to, might without mistake, and with 
as little trouble a* is possible, be able tore- 
peat such unusual Experiments : and that 
after I consented to let my observations be, 
made publtck, the most ordinary Reason of 
my prolixity was, That foreseeing that sneb 
a trouble as I met with tn making those try * 
als carefully, and the great expence of time 
that they necessarily require, (not to mention 
the charges of making the Engine, andim- 
ploying a man to manage it) will probably 
keep most men from trying again these Ex­
periments 1 thought I might doe the gene­
rality of my Readers no unacceptable peice 
of service, by so punctually relating what 
I carefully observ'd, that they may look up­
on these Narratives as standing Records in 
cur new Pneumatieks ■, and need not reite­
rate themselves an Experiment to have ns 
distinct an Idea of it, ns may suffice them 
to ground their Resections andSpeculations 
upon.

And because sometimes sis the Discourse 
made upon the Experiment that makes it 
appear prolix> I have commonly left a con- 

A 4 fptouoiis



To the Reader;
fyicuoui interval betwixt such Discourses^ 
ind the Experiments where unto they be long , 
or are annexed; that they who desire onely 
the Historical part of the account we give 
tf our Engine, may read the Narra- 
tives, without being put to the trouble 
of reading the Reflexions too: Which I 
here take notice of., for the fake of those 
that are well verfd in the New Philosophy, 
and in the CMathematicks ; that such 
may skip what was design’d, but for such 
Persons as may be less acquainted even then 
I, with matters of this nature (scarce so 
much as mention’d by any Writer in our 
Language) and not for them from whom 
1 flail be much more forward to learn, then 
to pretend to teach them, of my being 
■wont to speak rather doubtfully, or hesitant­
ly, then resolvedly, concerning matters 
wherein I apprehend f ime difficulty, I have 
in another Treatise (which may, through 
Gods Assistance, come abroad ere long) 
given a particular, and I hope a satisfacto­
ry account: Wherefore I flail now defend 
my Practice but by the observation of Ari­
stotle, who somewhere notes, That to seem 
to know all things certainly, and to speak 
positively of them, is a trick of bold and 
yong fellows: whereas those that are in-



'steed intelligent and considerate, are wont ti 
imp toy more wary and diffident Expressi­
ons 3 or (as be jpeaks) vovSiwr dd d inn,
*) TO

There are divers Reflections, and other 
Passages in the following Epistle, and evert 
some Experiments (occasionally mention d) 
which may seem either impertinent or su­
perfluous, but are not so-' Being purposely 
written, either to evince some truth oppos’d, 
or disprove some erroneous conceit main­
tain'd, by some eminent New Philosopher, 
or by some other Ingenious Men , who, I 
presum’d, would easily forgive me the ha­
ving on such occasions purposely omitted 
their Names; though an inquisitive Person 
will probably discover divers of them, by 
the mention of the Opinions disprov’d in 
the Experimen ts I am excusing.

Ever since 1 discern’d the usefulness 
of speculative Geometry to Natural Phi­
losophy,the unhappy Distempers of my Eyes, 
have so far kept me from being much con­
versant in it,that 1 fear Jshall need the par­
don of my Mathematical Readers, for some 
Passages, which if I hadbeen deeply skill’d 
in Geometry, I should have treated more ac­
curately.

To the Reader}

And



TothelleaderJ
t^ind indeed, having, for Reasons else* 
where deduc’d, -purposely kepi my self it 
■stranger to most of the new. Bypochelts in 
Philosophy, I am sensible enough- that th$ 
Engine J tr-eat of hits prevail'd with me to 
write of some subjects which arc sufficient* 
■lyremote from those I have been most con­
versant in. And having been reduc’d to 
write the greatest part of the ensuing Letter 
.at a distance, not onely from my Library5 
hut from my own cManuscripts, I cannot 
hut fear that my Discourses do not onely 
want many choice things wherewith the 
Learned Writings of others might have en­
riched or imbelhjhed them : But that partly 
for this Reason, and partly for that touch'd 
upon a little before, It is possible I may 
have mention’d some Notions already pub­
lish’d by others, without taking notice of the 
Authors, not out of any design to defraud 
deserving Men, but for want of knowing 
such particulars to have been already pub­
lish'd by them : Especially the Experiments 
of our Engine being themselves sufficient 
to hint such Notions as we build upon 
them.

The order of the Experiments every 
Reader may alter, as suits best with his own 
Design in perusing thew- Eor not onely all

those



To the Reader
those betwixt whom there is an Affinity in 
Nature (by belonging to one subj ebb) are not 
always plac'd one by another, but they are 
not still set down so much as in the order 
wherein they were made ; but mo (I common­
ly in that casual one wherein my occasions in­
dued me to dispatch them to the Press. And, 
which is worse, I did usually send quite a- 
way the former Experiments, before the 
later were written, or perhaps so much as 
made : whereby I lo fit the advantage of cor­
recting and supplying the Irnperf chons of 
what I had formerly written, by the light of 
my subsequent Tryals and Discoveries.

Besides all this, the difiemper in my eyes 
forbidding me not oncly to write my self so 
much as one Experiment, but even to read 
over my self what / dt hated to others.I can­
not but fear,that besides the Authors mi slakes, 
this Edition may be blemish’d by many, that 
may be properly imputed to a very unskil­
ful Writer ( whom I was often times by ha fie 
reduc'd against my custom to imploy) and 
may have escaped the Diligence of that 
Learned Friend, that does me the favor to 
ever-fee the Press 5 especially there being 
the distance of two days fourney betwixt it 
And me.

J need net perhaps represent to the equi­
table



To the Reader J
table Redder, bow much the strange Corifa- 
stons of this unhappy Nation, in the midst 
of which I have made and written these 
Experiments, are apt to disturb that calm­
ness of Minde, and undtstratfednefs of 
'Thoughts, that are wont to be requisite to 
Nappy Speculations. But I presume, 
that by all these things put together, he 
will readily perceive, That I have been 
so far from following the Poets prudent 
Counsel touching the flow Publication of 
Books design’d to purchase credit by,

-----Nonumque prematur in Annum

that I suffer this Treatise to come abroad 
into the World with a multitude of Disad­
vantages.

But if it be demanded, why then I did 
not make it fitter for the Press before I sent 
it thither ? my Answer must be, That not 
at first imagining that this fort of Experi­
ments would prove any thing near so trouble­
some, either to make, or to P.ecord, as I 
afterwards found them, I did, to engage 
the Printer to dispatch, promise him to fend 
him the whole Epistle in a very short time: 
So that although new and then the occasional 
■vacations of the Press, by reason of Eesti-



To the Reader?
vals, or the absence of the Corrector,gave 
me the leisure to exfpaciate upon some sub 
jets; yet being oftentimes call’d upon to dis­
patch the Papers to the Press, my promise, 
and many unexpected Avocations, obliged 
me to a base,which, though it have detract­
ed nothing from the Faithfulness of the 
Historical part of our Book, has (J fear) 
been disadvantageous enough to all the reft. 
K^dnd I made the less scruple to let the fol­
lowing Papers pass out of my hands, with 
all their Imperfections because, as the 
pub lick Affairs, and my own, were then 
circumftanc'd, I knew not when {if at all) 
1 should be again in a condition to prosecute 
Experiments of this kinder especially, 
since (to omit my being almost weary of be­
ing, as it were, confin’d to one fort of Ex­
periments) I am pre-ingagd {if it please 
Cod to vouchsafe me Life and Health) to 
imploy my first leisure in the publication of 
some other Physiological Papers, which I 
thought ’twould make me much the fitter to 
take in band, if I first dispatch’d all that 
I had at this time to write touching our 
Engine.

I have this further to adde, by way 
of Excuse, That as it has been my design 
in publishing these Experiments to gratiste

Inge-



To the Reader?
Ingenious men• so, - if I have mt Be en 
muchflattered-, 1 may hope that, the vari­
ous bints to he met with in the 'following 
Letter, will (at l-eafl) somewhat awaken 
mens thought s,&excite them to new specula« 
tions (such as perhaps even inquisitive men. 
would jcarce else light upon) and 1 need not. 
despair, that even the examinatiensf such 
new Suspicions and Enquiries willhehce.aU 
so, at least. Occasionally, he facilitated': I 
said Occasionally, because it being, os’th 
proverbially [aid,- Facile Inveniisaddere. 
It seems not irrationdl to ex pels', jhal our 
Engine it self, and divers of our Experte 
meats, will be much promoted-by tbt'Jndut 
fry of Inventive and M ath-matical Wit J, 
whose contrivances may easily tnhet- Correcl 
or supply, and consequently surpass: many of 
those we have made use. of J nth, •p.articm 
lar/y, if Men by skill and.pdttentcx- an'ytfy 
vivo both to evacuate fnclr-Rppeiaisers. as 
ours> till there be no more Air if th n them, 
then there seems to have remain d in the 
Classes made »je of a boa i the OVlagdlbure 
gick Experiment (hereafter te.be mehtiotk- 
ed) and to keep cut the An fo> a competent 
while, the Usefulness andDisc&vtncs of .our 
Engine, will not be a little adv(Me d. And 
perhaps that may belong to i f- .which I re

mem-



To the Reader!
member Seneca [peaks of Nature, Initia­
tes (fays be) nos credimus, in Vestibulo 
ejus hæremus: For being now in a place 
where we are not quite destitute of moderate­
ly skilful v//rtificers, we have, since the 
Conclusion of the following Letter, made 
some Additions to our Engine, by whose help 
we findc (upon some new tryals) that we 
may bt able, without much of new trouble, 
to keep the ambient Air out of the exhau­
sted Receiver for a whole day • and perhaps 
we should be able to keep it out much longer, 
if before we [hall have dispatch’d some ur­
gent Affairs, and publish’d some Papers for 
which a kinde of Promise is thought to make 
us Debtors to the Press, we could be at lei- 
sure to prosecute such Experiments, as may 
possibly afford a Supplement to the follow­
ing Fre at j fe, from which I shad now no Ion- 
ger detain the Reader.





Friendly Reader,
Know all ‘Persons 
that halve a publics 
Spirit for the Ad* 
Vancement of Lear> 

ning, .will thin switch that this 
piece came mt out in a Lan* 
guage of more general Dfe^ 
then this you fee it now attir’d 

in • especially since the Excel­
lent D\sohle Person, who is the 
Author* usnow n to be well a* 
Lie himself. Qbeingalmojl uni­
versally a Linguist) to have gi­

ven it either the Old Latin, or



the newer French ‘Dress.
Tut if it bean Honor to a 

- Language to be p ref err cl, and 
this Honor breedsJometimes an 
Emulation, as anciently it did 
between the Greeks and Ro­
mans, it cannot be thought 
unhandsome for an English 
SLQbleman to haye pres err'd 
his own: And it may be a Jus* 
sclent ‘Reason for the sentry 
of Forein Tarts to learn our 
Speech, or beep Interpreters, 
that they are sure to have for 
their requital, from many of 
our Snglijh Writers (as here 
from this piece') much curiously 
ingenious, and profitable Lear* 

ning.



* But as to thisparticular{gfae 
me le aye to uje Wordsfrom a 
Story') Since the Mountain 
cannot come to Mahomet 
Mahomet will go to the 
Mountain ; I mean thus- 
Because many witty Men ^Per­

sons of Honor and Eftateefoe-* 
dally, may he suppos’d to he a* 
ble to make a bettt r account, hy 
employing their Studies and

Time on Matter then Words, 
and Jo are justly impeded from 
learning Languages • Jud he' 
cause {as I may judge') the no• 
hie Author is willing to oblige all 
Aden, He has already provi 
tied, that thispiece shall short* 
b he done into Latine, that so

; h 2r it



it may come home to divers wor 
thy Persons in its Stream, who 
cannot travel to finde it out in 
its fir(I Origine,

Having therefore leave so 
to do, I cannot forbear to give 
the Wor Id the Advertisement 
os this Latine Edition, les 
some shslful tdrtifl should ta\e 
needless fains about a JVorfi, 
which will, ere long (by Gods 

furtherance) be done to his 
Hands - For such unprofitable 
ex fences of Study have too fre­
quently haffened,andtoo much 
to the disadvantage of Learn* 
ing, for want of a sufficient 
Correspondence and Intercourse 
between such as are exercised



in the Mines of Wisdom e> 
This is all the trouble I shall 

atpresentgive,you: As or(hall / 
need minde thee, if you halve a 
true guff or the \Bookjou read, 
to have an honor and thankful 
regard to the Ter son that has 
favor d us with the Communr 
cation of these his Tryals,& is 
manseft ly so great a IT at r on 
and Friend to Experimental 
Learning,and all true Wisdom• 
for should you fail in this, you 
might deservedly be depriv’d of 

some other 0 b serrations on the 
fame subject, which the Air 
thor, I heare ,h as made since the 

finishing of this Treatise. . 
idefere to be excused that I

doe



To the Reader.'

nd masse Excuses for the j1m?- 
ness of the Publication, hoping 
that the long expeUation you 
have had of it,mil enhance,and 
not diminish jisur delight in the 
enjoyment of a piece life to be, 
amongjl thestudents in accurate 
Philosophy, of jo gen er all accept 
tance. farewch

K: Sh.



SliMitesISMiiMi
A Summary of the chief Matters treated 

of in this Epistolical Discourse.

rT'He Proæmium, wherein isset down the 
occasion of this Discourse,.. i. The mo­

tives that induc'd the Author thereunto,2 &c. 
The hints he received, 5. The things where-? 
in this Engine excels any that have yet been 
made use of 6 &c. The description of the 
Engine and us parts, 8 &c. The way of pre­
paring and using it, 15 &c. The division of 
the Experiments try able thereby into, two 
forts, and the difficulty of excluding the 
Air. ' 18 See.

The first Experiment, touching the many 
tier of pumping out the Air, and by what de- 
grees the Receiver is empty ed, 20, &c. A di­
gression touching the Spring or Elastical 
power of the Air, with an attempt for a Me­
chanical Explication thereof, necessary to be 
premis’d for the explanation of the Phæno- 
mena, exhibited in this and the subsequent 
Experiments. 22 &C.

The second Experiment,touching the pres­
sure of the Air against the sides of the Bodies 
it invirons, 37 &c. with a digressive Exp 
plication of the pressure of the Air included 
within an ambient Body. 39 &c.

b 2 he



5 The Summary^ . \
The third Experiment, touching the 

force requisite to draw down the Sticker, 44 
&c. The opinion of an eminent Modern 
Naturalist examin'd. 44 &C.

The fourth Experiment, 'touching the 
swelling of- a Bladder - with the degrees by 
which it increases, 45 &c. Another Opini­
on of a Learned Author examin'd. 48 &c. 
" The ffth Experiment ,touching the break- 
ing of a Bladder in the Receiver, 49 &c. 
And of another by heat. 52
*' The sixth Experiment, of divers ways by 
which the el a sic al expansion of the LAir 
vpas measur'd. , ■ 52&C

The seventh Experiment, touching what 
figure does bes resist the pressure of the Air,

61 &c.
The eighth Experiment, tending to a fur­

ther Demonstration of the former, from the 
breaking of glass a Helmet inward. 64 &c.
' The ninth Experiments contains a fur­
ther confirmation from the breaking of a 
Class outward,66 ScC.witb anExpeiimentto 
froveshat thfe Phænomena proceed not 
from an invincible Fuga vacui 69. ks! de­
scription of other small Rece ivers.and their 
Conveniences,yo &c. t_yf Receipt for the 
makinq of a Composition to Cement crackt 
Glasses. 7 3



i The tenth Experiments touching the {in* 
Anting of Candles inclosed in the Receiver.

- --- -■ •; 74 &c.
-" • The eleventh Experiment, touching the 
burning of Coals, 78. t_zfnd the lasting of 
the excandescence of an included piece of /- 
ron. V' 80.

The twelfth Experiment concerning the 
burning of Unlatch. 8r

The thirteenth Experiments concerning 
the further prosecution of the preceding, 
tending to prove the extinction of the Fire 
in the former Experiments, not to have 
proceeded from the pressure of the Fire by the 
Fumes, 84. Some remarkable Circumstan­
ces of it, 86. The Experiment of Match 
try d in a small Receiver. 87

The fourteenth Experiments touching the 
sinking Fire, and kindling of Powder with 
the Lock of a Pistol in the evacuated Recei­
ver. 88 &c.

The fifteenth Experiments touching the 
itnfuccefsfulnefs of kindling included Bo­
dies with a burning Glass, and the <^dur 
tbors intention to prosecute it further.

102
The sixteenth Experiment ^concerning the 

operation of the Loadstone, 105, &c,

. The Summary:

The



The Summary.
The seventeenth Experiments touching tht 

gr adit al descent of the Quick-silver in th* 
Torricellian Experiment, 106 See. SomG 
observable Circumstances concerning; it, 
11 z See. The fame Experiment try d in 
me of the (mall Receivers , 115. How 
this Experiment may be made use of to know 
th' strength of the pressure of the cAir for 
tvery degree of Rarefaction^ 116 See. The 
try al of the same Experiment in a Tube not 
two foot long, 118. The raising of the Mrr. 
mu al Cylinder, by the forcing of more Air 
into the Receiver, up. Some Allegations 
for and against a Vacuum consider a, I ; o 
&c. Some Advertisements concerning the 
inconveniencies that may arise from the di- 
versify of measures made use offer the defi­
ning the Altitute of the Mercurial Cylinder5 
and from the neglect of little parcels of Air 
apt to remain between the Mercury and the 
concave surface of the Tube3123 &c. Some 
Expedients for the more exact filing the 
Tube, 127 .The height the Author once found 
of the Mercurial Cylinder,according to En­
glish measure. 128.

The eighteenth Experiment, containing 
anew observation touching the variation 
of the height of the CM er curial Cylinder in 
the fame Tube, with an offer at the reason

thereof.



The Summary^
thereof.

The J9’h Experiment, touching the sub­
siding of a Cylinder of Wat er, 140 &c. t/;c 
fame try’d in a small Receiver. 143

The zo^ Experiment, touching the E la­
ter of Water, with a digressive Experiment 
to the fame purpose 144 &C.

Then Experiment, beinga prosecution 
cf the former Enquiry, by Experimenting 
the Generation of Bubbles under Water, a 
recital of some notable Circumstances, with 
some observable Corollary's deduc’d there­
from. 147 &c.

Then* Experiment, tending to a deter­
mination of the Enquiry propos’d in the for­
mer Experiment, by proving the matter of 
these Bubbles from their permanency to be 
Air: The Experiments try’d in the great 
and small Receivers, evincing the fame 
thing, 155 &c. K_An Experiment wherein 
there appear'd Bubbles in fluick-silver, 
160. The Authors Inference, 162. A di­
gressive Enquiry, whether or no Air may be 
generated anew ; with several Histories and 
Experiments, tending to the resolving and 
clearing thereof, 162 &c. The Authors ex­
cuse for so longa Digression. 181

The .’3d Experiment, containing a fur­
ther Enquiry touching Bubbles made with

common
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common and difill’dWater. 182

The :4'h Experiment, wherein the inqui­
ry ds prosecuted with other Liquors, as with 
S all et oyl, Oyl of Turpentine, a.Solution of 

“Tartar,Spirit of Vinegar,Red-wine, Milk, 
JJens Egzs 1 Spirit of Urine, Spirit of 
Wine and Water, Spirit of Wine. 187 &C, 
The wonderful expansion of the Spirit of 
}Vine. 194

t7;£ 2 5'h Experiment, touching the ex­
pansion and gravity of the Air under wa­
ter. 195 &C.

The 16^ Experiment, touching the Vi­
brations of a Pendulum. : .202 &c.

The ly hExperiment, touching the pro­
pagation of found: And the Authors inten­
tion of trying some other Experiments, for 

'the further elucidation thereof. 2 10 &c.
The 28 Experiment, touching the sudden 

eruption of Bubbles from the water, 
f&e rf/Vj pressure was speedily remov'd. 214 
. The 29 Experiment, touching the cause 
of the ascent of Fumes and Vapors,wherein 
~'tls prov d {from the several motions, which 
the Fumes of a firange fmoaking Liquor, of 
the Authors, were observ'd to have in the Re­
ceiver, upon the ex suction of the Air) that 
the reason of their ascent proceeds from the 
gravity of the ambient airland not from any 
positive levity of their own. 217 &c.

The
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.A; The 30 Experiment, concerning the na­
ture of a fluid Body,illustrated by the exam* 
sic of fmoak which in several circumstances 
seems very much to resemble the property of a 
fluid Body, 224 &q. A conjeffure of the 
cause of the Suns undulation, 228

The 31 Experiment, concerning the Phe­
nomena of two flat Marbles exaftly plain’d 
and wrought together, and the true reason 
thereof\ 2 29. The Authors intention for the 
further prosecution thereof\(st what kindred 
him ;■ the reason why the under El ar hie did 
not sal from the upptrstoting onely conjoynd 
with Spirit of Wine) when the Receiver was 
evacuated. And a notable relation concern­
ing the cohesion of flat Bodies. 231 &C.

The 3 2 Experiments touching the forcible 
pressure of the ir against the outward su­
perfides of a Valve ff asten’d upon the stop­
cock of the Receiver. The Diameter of it, 
and the weight it sustain’d. 233 &C.

The 33 experiment pouching the great pres­
sure of the Air against the under superficies 
of the Sucker, 236 &c. what weight was re­
quisite to depress it, (st what weight it would 
lift and carry up with it, 23-0 &c. what im ­
provement (st use there may be made of this 
experiment, 242. A Discourse touching the 
nature of Suchon, proving.tbat fuga vacui 
is not the adequate cause thereof. 243 & c.
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The 34* Experiment,cont thing several 

attempts for the weighing of light Bodies in 
the exhausted Receiver. 258 &c.

The 35 th Experiment, teaching the cause 
of Filtration, and the rising of Water in 
Siphons, 262 &C. relation of a new 
kinde of Siphon, of the Authors , upon 
the occasion of trying the Experiment 
lately observ'd by some French-men,and fur. 
ther improv’d by himself; and some conje~ 
clurts touching the cause of the exhibited 
Phenomena. 267 &c„

The 36th Experiment douching the weigh­
ing of a parcel of Air in the exhaused Ves­
sel ; and some other observations for the ex­
plication thereof\ 272 &c. An accidental 
Experiment, tending to the further confr- 
mation of the Authors Re sessions upon the 
firs Experiment 5 with a digressive obser­
vation, noting the subtil penetrancy of some 
Spirits, to exceed by far that of the Air, 275 
&c. Andsome other Experiments to shew the 
difficulty of the ingress of the Air into the 
pores or holes of somebodies into which Wa­
ter will readily insinuate it self,: 7 9 Scc.with 
a corseclure at the cause thereof, '*82. The 
Author returns to the prosecution of the in­
quiry after the gravity of the Air : But srs-, 
{upon the occasion of the tenacity of a thin

Bubble
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Bubble of Glass) sets down bis thoughts con* 
cerning the strange exuberancy of strength 
in^Air, agitated by heat, above what the 
fame has unagitatcd^Sj &c And then pro*

I
 feeds to the examination of the weight of the 

Air by an Æolipile,<t//d compares in: result 
thereof,with that o/Merseimus, 286. 7he 
Opinions and Experiments of divers Au­

thors , and some of his own, touching the 
I proportion of weight betwixt Water and Air, 

are compar'd and examin'd by the <_zf ut hor# 
r88. The result thereof, 290. Metfennus 
his observation reconcil’d, with that of the 

Author \ and the proportion between thegra- 
vity. of Water and Air about London, 291 
&c. After the recital of the Opinions of se­
veral Writers, touching the proportion of 
gravity between Water and Jshick- silvert 
the Author sets down his own tryals, made 

several ways, together with his conclusion 
therefrom, 293 SiC.The use be makes of this 
inquiry for the ghefsing at the height of the 

Atmosphere, 297. What other Experiments 
are requisite to the determination thereof.

299 &c;
The 57th Experiment touching the strange 

and odde Phænomenon, os the sudden flash­
es of light in the cavity of the Receiver•, the 
several circumstances and dips cutties of it,

with
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with some At tempts towards the nndtring at reaf 
thereof, 101, &c. The Difficulty of so doing far­
ther shewn fr.m the consideration of the various 
changes of Air which doe not immediAtly fall un-' 
dcr our senses, 315.' this last proposition proud, 
by severall observations. 316.

The 38. Experiment,touching the freezing of. 
water, 319. &c. A problem, (concerning the great, 
force wherewith a freezing Liquor extends its seises), 
propos’d upon the Consideration of divers admirable 
effetts wrought thereby, 3 20 &c.

The. 39. Experiment, containing an inquisition' 
after the temperature of the substance that remain’d 
in the cavity of the Receiver,after the Air Was well 
exhausted. The relation of a Phenomenon,seeming 
to proceed from the swilling of the Glass. With an 
advertisement concerning the pliablenefs of Glass in 
small peices. . 322. &c.

The 40. Experiment,touching the difficulty that 
eccti/d in making tryall whether rarefied Air 
Wire able to fustaine flying infests. 326 .See

The 41. Experiment, Exhibiting fiveraU try- 
alls touching the respiration of divers [orts cfani- 
malls included in thi Receiver, 3-28, &c. with A 
digression contemning some doubts touching respira­
tion wherein are delivered severall Experiments re­
lating thereunto. 3 3 5 &Ci

The 42. Experiment, touching the differing c- 
p er at i en. of corrosive Liquors in the emptied Receiver 
and in the open Air. Z 84

The 43 .Experiment,touching the spontaneous E- 
bullitiih of warm Liquors in the exhausted Receiver.

388
Tht Conclusion. 3 94
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TO THE

LO R D
O F

<DVZA(G A%V

My Honoured and Dear
Nephew*

lMj Dear Lord,

Eceiving in your last from
Par is 1 a desire that I would 
adde some more Experi­
ments to those I formerly 
sent You over: 1 could net

be so much your Servant as I am, without 
looking upon that Desire as a Com­
mand ; and consequently, without think­
ing my self obliged to consider by what 
sort of Experiments it might the most ac­
ceptably be obey’d. And at the fame

B time.
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time, perceiving by Letters from some 
other Ingenious Persons at Paris, that se­
veral of the J'irtuofi there, were very 
intent upon the examination of the Inte­
rest of the Ayr, in hindring the descent 
of the Quick-stiver, in the famous Expe­
riment touching a Vacuum: I thought I 
could not comply with your Desires in a 
more fit and seasonable manner, then by 
prosecuting and endeavoring to promote 
that noble Experiment of Vorricdlms: 
and by presenting your Lordship an ac­
count of/my attempts to illustrate a sub­
ject, about which, it's being so much dis­
cours’d of where you are, together with 
your inbred Curiosity, and love of Ex­
perimental Learning, made me suppose 
you sufficiently inquisitive.

And though I pretend not to acquaint 
you, on this occasion, with any store of 
new Discoveries,yet possibly I shall be so 
happy,as to assist you to know somethings 
which you did formerly but suppose; and 
so all present you, if not with new Theo­
ries, at least with new Proofs of such as 
are not yet become unquestionable. And 
if what I shall deliver, have the good for­
tune to encourage and assist you to prose­
cute the Hints it will afford, I shall ac­

count
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count my self, in paying of a duty to 
you, to have done a piece of Service to 
the Commonwealth of Learning. Since 
it may highly conduce to the advance­
ment of that Experimental Philosophy, 
the effectual pursuit of which , requires 
as well a Purse as a Brain, to endeere it 
to hopeful Persons of your Quality : who 
may accomplish many things which o- 
thers can but wijh or, ac most, but design, 
by being able to imploy the Presents of 
Fortune in the search of the Mysteries of 
Nature.

And I am not faintly induc’d to make 
choice of this Subject, rather then any 
of the expected Chymical ones, to enter­
tain your Lordship upon, by these two 
Conlidcrations: The one, That the Ayr- 
being so necessary to humane Life, that 
not onely the generality of Men, but 
most other Creatures that breath, can­
not live many minutes without it; any 
considerable discovery of its Nature, 
seems likely to prove of moment to 
Man-kinde. And the other is, That the 
Ambient Ayr, being that whereto both 
our own Bodies, and most of the others 
we deal with here below, are almost per­
petually contiguous not onely its alee- 

B 2 rations
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rations have a notable and manifest share 
in those obvious effects, that men have 
already been invited to ascribe thereunto 
such as are the various distempers inci­
dent to humane Bodies, especially if cra­
zy, in the Spring, the Autumn, and also 
on most of the great and sudden changes 
of Weather) but likewise, that the fur­
ther discovery of the nature of the Ayr, 
will probably discover to us, that it con­
curs more or less to the exhibiting of ma­
ny Phenomena , in which it hath hither­
to scarce been suspected to have any inte­
rest. So that a True Account of any 
Experiment that is New concerning a 
thing, wherewith we have such constant 
and necestary intercourse, may not one- 
ly prove of some advantage to humane 
Life, but gratifie Philosophers, by pro­
moting their Speculations on a Subject 
which hath so much opportunity to solli- 
cite their Curiosity.

And I should immediately proceed to 
the mention of my Experiments, but that 
I like too well that worthy Eying of the 

Naturalist Pliny, Benignum eft 
Jib Pi ^'iU & plenum ingenui pudoris, futeri 

per qnos profeceris, not to con­
form to it, by acquainting your Lord­

ship
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ship, in the first place, with the Hint I 
had of the Engine I am to entertain you 
of. You may be pleas'd to remember, 
that a while before our separation in Eng­
land^ I told you or a Book that I had 
heard of, but not perus'd, publish'd by 
the industrious Jesuit Schottn*, wherein 
Ywas said, He related how that ingenious 
Gentleman Otto Gcricke, Consul of Mag­
deburg^ had lately practiced in Germany a 
way os emptying Glass Vessels, by fuck­
ing out the Ayrat the mouth of .the Ves­
sel, plung’d under water: And you may 
also perhaps remember, that I express'd 

“myself much delighted with this Expe­
riment, since thereby the great force of 
the external Air (either rushing in at the 
open'd Orifice of the empty'd Vessel, or 
violently forcing up the Water into it) 
was rendred move obvious and conspicu­
ous , than in any Experiment that I had 
formerly seen. And though it may appear 
by some of those Writings I sometimes 
fbew'd your Lordship,that I had been fol- 
licitous to try things upon the fame 
ground; yet in regard this Gentleman 
was before-hand with me in producing 
such considerable effects, by means of the 
exsuction of Air, I think my self oblig’d 
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to acknowledge the Assistance, and En­
couragement the Report of his perfor­
mances hath afforded me.

But as few inventions happen to be ac 
first so compleat, as not to be either ble- 
missid with some deficiencies needful co be 
remedy’d, or otherwise capable of im­
provement : so when the Engine we 
have been [peaking of, comes to be more 
attentively consider’d, there will appear 
two very considerable things to be de­
sir’d in it. For first, the Wind-Pump (as 
some body not improperly calls it) is so 
contriv’d, that to evacuate the Vessel 
there is requir’d the continual labor of 
two strong men for divers hours. And 
next (which is an imperfection of much 
greater moment) the Receiver, or Glass 
to be empty'd, consisting of one entire 
and uninterrupted Globe and Neck of 
Glass; the whole Engine is so made, that 
things cannot be convey’d into it, where­
on to try Experiments •• So that there 
seems but little (if any thing) more to be 
expected from it, then those very few 
Phancmena that have been already ob­
serv'd by the Author, and Recorded by 
Schott us- Wherefore to remedy these 
Inconveniences, 1 put both Mr. G.

and
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and R. [look (who hath also the Honor to 
be known to your Lordship,and was with 
me when I had these tilings under consi­
deration) to contrive some Air Pump, 
that might not, like the other, need to 
be kept under water (which on divers oc­
casions is inconvenient) & might be more 
easily manag'd: And after an unsuccessful 
tryall or two of ways propos'd by o- 
thers, the last nam'd Person fitted me 
with a Pump, anon to be describ'd. And 
thus the first Imperfection of the German 
Engine, was in good measure, though 
not perfectly, remedy’d •• And to supply 

’ the second defect, it was considered that 
it would not perhaps prove impossible to 
leave in the Glass to be empty’d, a hole 
large enough to put in a Mans Arm 
cloath’d ; and consequently other Bodies, 
not bigger then it, or longer then the in­
side of the Vestel. And this Design 
seem’d the move hopeful 1, because I re­
mem bred, that having several years be­
fore often made the Experiment De Va­
cuo with my own hands-, I had, to exa­
mine some conjectures that occurr'd to 
me about it, caused Glasses to be made 
with a hole at that end, which uses to be 
seal'd up, and had nevertheless been able, 
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as occasion requir’d, to make use of such 
Tubes, as if no such holes had been lest 
in them by deviling stopples for them, 
made of the common Plaiiter call’d Dia­

chylon: which I rightly enough ghefl’J, 
would, by reason of the exquisite corn- 
mix t ion of its small parts, and closeness 
of its texture, deny all access to the ex­
ternal Air. Wherefore, supposing that 
by the help of such Plailters, carefully 
laid upon the commissures of the stopple 
and hole to be made in the Receiver, the 
external Air might be hindred from insi­
nuating it self between them into the Ves­
sel, we caus’d several such Glasses, as 
you will finde describ’d a little lower, to 
be blown at the Glass-house-, and though 
we could not get the Work-men to blow 
any of them lo large, ores so conveni­
ent a shape as we would fain have had; yet 
finding one to be tolerably fit, and less 
unfit then any of the reft, we were con­
tent to make use of it in that En­
gine: Of which, I suppose, you by this 
time expect the Description, in order to 
the Recital of the I’hœnomena exhibited 
by it.

To give your Lordship then, in the 
fir ft place, some account of the Engine it

self:

(3)



(9)
felt: It consists of two principal parts-, a 
glass Vestel, and a Pump to draw the Ail* 
out of it.

The former of these (which we, with 
the Glafs.men, stall often call a Receiver, 
for its affinity to the large Vestels of that 
name, used by Chymists) consists of a 
Glass with a wide hole at the top, of a 
cover to that hole, and of a stop-cock 
fastned to the end of the neck, at the 
bottom.

The stape of the Glass, you will find 
exprestdin the sirst Figure of the annex­
ed Scheme. And for the size of it, it 
contain’d about 30 Wine Quarts, each of 
them containing near two pound (of i<? 
Ounces to the pound) of water: We 
should have been better pleas’d with a 
more capacious Vestel, but the Glass-men 
professed themselves unable to blow a 
larger, of such a thickness and stape as 
was requisite to our purpose.

At the very top of the Vestel, (A) you 
may observe a round hole, whose Dia­
meter (B C) is of about four inches and 
whereof, the Orifice is incirded with a 
jip ot Glass, almost an inch high: For 
the making of which lip, it was requisite 
(to mention that upon the by, in cafe

your
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your Lordship should have such another 
Engine made for you) to have a hollow 
and tapering Pipe ot Glass drawn out, 
whereof the Orifice above mentioned 
was the Bafis, and then to have the cone 
cut off with a hot Iron, within about an 
Inch of the Points (BC.)

The use of the lip, is to sustain the 
cover delineated in the second Figure; 
where (D E) points out a brass Ring, so 
caff, as that it doth within and without 
cover the lip (BC) of the first Figure, 
and is cemented on upon it with a strong 
and close Cement. To the inward taper­
ing Orifice of this Ring (which is about 
three Inches over) are exquisitely ground 
the fides of the Brass ffopple (F G -J so 
that the concave superficies of the one, 
and the convex of the other, may touch 
one another in so many places, as may 
leave as little access, as possible,to the ex - 
rental Air: And in the midst of this cover 
is left a hole (FI I) of about half an inch 
over, invironed also with a ring or socket 
of the fame mettal, and fitted likewise 
with a brass ffopple (K) made in the form 
of the Key of a stop-cock, and exactly 
ground into the hole (H I) it is to fill; so 
as that though it be turn’d round in the

cavity
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cavity it possesses, it will not let in the 
Air, and yet may be put in or takenout 
at pleasure, for uses to be hereafter men­
tioned. In order to some of which, it is 
perforated with a little hole,(8)traversing 
the whole thickness of it at the lower 
end through which, and a little brass 
Ring (L)fastned to one side, (no matter 
which ) of the bottom of the stopple 
<F G) a string (8,9,10) might pass, to 
be imploy’d to move some things in the 
capacity of the empty d Vessel; without 
any where unstopping it.

The last thing belonging to our Recei­
ver, is the stop-cock designed in the first 
Figure by (N.J for the better fastening 
of which to the neck, and exacter exclusi­
on of the Air, there was foder’d on to 
the shank of the Cock (X) a Plate of 
Tin, (MT U W) long enough to cover 
the neck of the Receiver. But because 
the cementing of this was a matter of 
some difficulty, it will not be amiss to 
mention here the manner of it , which 
was, That the cavity of the tin Plate was 
fill’d with a melted Cement, made of 
Pitch, Rosin, and Wood-ashes, well in­
corporated ; and to hinder this liquid 
Mixture from getting into the Orifice (Z)



(12)
of the shank, (X) that hole was slope 
with a Cork,to which was fastned a string, 
whereby it might be pull’d out of the up­
per Orifice of the Receiver; and then, 
the glass neck of the Receiver' being well 
warm'd, was thrust into this Cement, and 
over the shank whereby it was effected, 
that all the space betwixt the tin Plate and 
the Receiver, and betwixt the internal 
superficies of- the Receiver, and the 
fhaack of the Cock, wasfilld with the 
Cement; and so we have difpach’dthe 
first and upper part of the Engine.

The undermost remaining part consists 
of a Frame, and of a fucking Pump, or 
as we formerly call’d it,an Air Pump,sup­
ported by it: The Frame is of Wood, 
small, but very strong,consisting of three 
legs, (i i i) so plac’d, that one fide of 
it may stand perpendicular, that the free 
motion of the hand may not be hindered. 
In the midst of which frame, is tranfverfly 
nail’d a board, (222) which may not im - 
properly be call’d a Midriff, upon which 
rests, and to which is strongly faftned,the 
main part of the Pump it self, which is 
the onely thing remaining to be descri­
bed.

The Pump consists of four parts, a
hollow
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hollow Cylindre, a Sucker, a handle to 
move that Sucker, and a valve.

The Cylindrewas shy a pattern) call: 
of brass; it is in length about 14 inches, 
thick enough to be very strong, notwith­
standing the Cylindrical cavity left with­
in it; this cavity is about three inches 
Diameter, and makes as exact a Cylin- 
dre as the Artificer was able to bore. 
ThishollowCylindre is fittedwith a fuck­
er, (4455) confiding of two parts, the 
one (44) somewhat less in Diameter then 
the cavity of theCylindre, upon which 
is nail’d a good thick piece of tan’d ihoe- 
Leather, which will go so close to the 
Cylindre, that it will need to be very 
forcibly knock’d and t am'd in, if at any 
time it be taken out, which is therefore 
done, that it may the more exactly hin­
der the Air from insinuating it self be­
twixt it and the fides of the Cylindre 
whereon it is to move.

To the midst of this former part of the 
Sucker is strongly faftned the other, 
namely a thick and narrow plate of Iron, 
(5 5) somewhat longer then the Cylindre, 
one of whose edges is smooth, but at the 
other edge it is indented f as I may so 
speak) with a row of teeth delineated in
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the Schemes into whose intervals are to 
be fitted, the teeth of a small Iron nut, 
(a 13) (as Tradef-men call it) which is fast - 
ned by two staples (2 2) to the under fide 
of the formerly mention’d transverse 
board (222) on which the Cylindre reds, 
and is turn'd to and fro by the third piece 
of this Pump, namely , the handle or 
manubrium^ (7) of which the Figure gives 
a sufficient description.

The fourth and last part of this Cylin­
dre, is the Valve, (R) confiding of a 
hole bored through at the top of the Cy- 
-lindre, a little tapering towards the cavi­
ty; into which hole is ground a tapering 
Peg of brass, to be thrud in, and taken 
out at pleasure.

The Engine being thus describ'd, it 
will be requisite to adde, that something 
is wont to be done before it be set on 
work, for the more eafie moving of the 
Sucker, and for the better exclusion of 
the outward Air: which when the Vedel 
begins to be exhauded, is much more dif - 
ficult to be kept out then one would easi­
ly imagine.

There mud then be fird powr'd in at 
the top of the Receiver a little fallad oyl, 
partly to fillup any small interval!; that

may
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mayfhappen to be betwixt the contigu­
ous surfaces of the internal parts of the 
Stop-cock: And partly that it may be 
the more eafie to turn the Key fS) back­
wards and forwards. Pretty store of oyl 
must also be pour’d into the Cylindre, 
both that the Sucker may flip up and 
down in it the more smoothly and freely, 
and that the Air might be the better 
hindred from getting in between them • 
And for the like reasons, a little oyl is to 
be used also about the Valve. Upon 
which occasion, it would not be omitted 
(for it is strange) that oftentimes, when 
neither the pouring in of water, nor even 
of oyl alone, prov'd capable to make the 
Sucker move easily enough in the Cylin­
der; a mixture of both those Liquors 
would readily (sometimes even to admi­
ration) perform the desired effect. And 
lastly, the brass cover of the Receiver, 
being put into the brass ring formerly de­
scrib’d , that no Air may get between 
them, it will be very requisite to plaister 
over very carefully the upper edges of 
both, with the plaister formerly mention­
ed, or some other as close, which is to be 
spread upon the edges with a hot Iron; 
that being melted, it may run into and

fill
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fill up ail the crannies, or other little ca­
vities, at which the Air might otherwise 
get entrance.

All things being thus fitted, and the 
lower shank (O) of the stop-cock being 
put into the upper Orifice of the Cylin­
ders), into which it was exactly ground; 
theExperimenter is first, by turning the 
handle, to force the Sucker to the top of 
the Cylinder, that there may be no Air 
left in the upper part of it: Then shut­
ting the Valve with the Plug, and turning 
the other way, he is to draw down the 
Sucker to the bottom of the Cylinder; 
by which motion of the Sucker, the Air 
that was formerly in the Cylinder being 
thrust out, and none being permitted to 
succeed in its room, ’tis manifest that the 
cavity ot the Cylinder must be empty, 
in reference to the Air. So that if there­
upon the Key of the Stop-cock be so 
turn’d, as that through the perforation of 
it, a free passage be opened betwixt the 
Cylinder and the Receiver, part of the 
Air formerly contain'd in the Receiver, 
will nimbly descend into the Cylinder. 
And this Air, being by the turning back 
of the Key hinder’d from the returning 
into the Receiver, may, by the opening
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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 motion of the 
Sucker upward and downward,and by op­
portunely turning the Key, and stopping 
the Valve, as occasion requires, more or 
less Air may be suck’d out of the Recei­
ver, according to the exigency of the Ex­
periment, and the intention of him that 
makes it.

Your Lor dihip will,perhaps,think that 
I have been unnecessarily prolix in this 
first part of my Discourse: But if you 
had seen how many unexpected difficul­
ties we found to keep out the externals 
Air, even for a little while, when some 
considerable part of the internal had been 
fuckt out; You would peradventute al­
low, that I might have set down more 
circumstances then I have, without set­
ting down any, whose knowledge,he that 
shall try the Experiment may not have 
need of. Which is so true, that, before we 
proceed any further, I cannot think it un­
seasonable to advertise Your Lordship, 
that there are two chief sorts of Experi­
ments, which we design'd in our Engine 
to make tryal of: The one, such as may

C be
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be quickly difpatcht, and therefore may 
be try’d in our Engine, though it leak a 
little^ because the Air may be faster drawn 
out, by nimbly plying the Pump, then 
it can get in at undiscern’d leaks; I fay at 
undifcern'd leaks, because such as are big 
enough to be discover’d can scarce be un­
ease to be slope. The other sort of Ex­
periments consists of those that require 
not onely that the internal Air be drawn 
out of the Receiver, but that it be like­
wise for a long time kept out of it. Such 
are the preservation of Animal and o- 
ther Bodies therein, the germination and 
growth of Vegetables, and other tryals 
of several sorts, which it is apparent can­
not be well made unless the external Air 
can, for a competent while, be excluded: 
Since even at a very smalt leak there may 
enough get in, to make the Vacuum soon 
loose that name by which I here declare 
once for all, that I understand not a space 
wherein there is no body at all, but such 
as is either altogether, or almost totally 
void of Air.

Now this distinction of Experiments 
1 thought fit to premise to the ensuing 
Narratives, because upon try al, we found 
it so exeeedingsand scarce imaginable)dif-

ficuk
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ficuit a matter, to keep out the Air from 
getting at all in at any imperceptible hole 
or flaw whatsoever, in a vessel immedi­
ately surrounded with the compressed At, 
mosphere, that in fpighe of all our care 
and diligence, we never were able totally 
to exhaust the Receiver, or keep it when 
it was almost empty, any considerable 
time,from leaking more or less: although 
(as we have lately inrimated)by unwearyed 
quickness in plying the Pump, the inter­
nal! Air can be much faster drawn out 
then the external can get in, till the Re­
ceiver come to be almost quite empty. 
And that’s enough to enable men to dis­
cover hitherto unobserved Phenomena of 
Nature.

The Experiments therefore of the first 
fort, will, I fear, prove the onely ones 
wherewith my Avocations will allow me 
to entertain Your Lordship in this Letter* 
For till your further Commands shall en­
gage me to undertake, by Gods permis­
sion, such an Employment, and more lea- 
sure shall better fit me for it, I know not 
whether I shall be in a condition to try 
what may be done, to enable me to give 
you some account of the other fort of 
Experiments also.
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Expert- ',T" 0 proceed now to the Thxnomcna 
went i. J exhibited to us by the Engine above 

described; l hold it not unfit to begin 
with what does constantly and regularly 
offer it self to our observations depend - 
ing upon the Fabrick of the Engine it self, 
and not upon the nature of this or that 
particular Experiment which ’tis employ­
ed to try.

First, Then upon the drawing down 
of the Sucker, (the Valve being stmt) the 
Cylindrical space, deserted by the Sucker, 
is left de void of Air; and therefore, up­
on the turning of the Key, the Air con­
tained in the Receiver rushes into theem- 
ptyed Cylinder, till the Air in both those 
Vessels be brought to about an equal 
measure of dilatation. And therefore, 
upon strutting the Receiver by returning 
the Key, if you open the Valve,and force 
up the Sucker again, you will finde, that 
after this first exfuction you will drive 
out almost a whole Cylinder full of Air : 
But at the following exsuctions, you will 
draw less and less of Air out of the Recei­
ver into the Cylinder, because that there 
will still remain less and less Air in the

Receiver
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Receiverit self-, and consequently, the 
Particles of the remaining Air, having 
more room to extend themselves in, will 
less press out one another. This you will 
easily perceive, by finding, that you still 
force less and less Air out of the Cylin­
der 5 so that when the Receiver is almost 
exhausted, you may force up the Sucker 
almost to the top of the Cylinder, be­
fore you will need to unstop the Valve to 
let out any Air: And if at such time, the 
Valve being shut, 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 protrusion of the external Air; 
which, being much less ratified then that 
within the Cylinder, must have a more 
forcible pressure upon the Sucker, then 
the internal is able to resist: And by this 
means you may know how far you have 
emptyed the Receiver. And to this we 
may adde, on this occasion, that constant­
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 considerably brisk noise, especi­
ally whil’st there is any plenty of Air in 
the Receiver.

C z For
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For the more eafie understanding of the 

Experiments tryable by our Engine, I 
thought it not superfluous, nor unseason­
able in the recital of this first of them, to 
insinuate that notion by which it seems 
likely that most, it not all, of them will 
prove explicable. Your Lordship will 
easily suppose, that the Notion I speak 
of is, That there is a Spring, orElasti- 
cal power in the Air we live in. By which 

or Spring of the Air, that which 
I mean is this: That our Air either con - 
Efts of, or at lealt abounds with, parts ot 
such a nature, that in cafe they be bent or 
compreiEd by the weight of the incum­
bent part of the Atmosphere,or by any o- 
ther Body, they do endeavor, as much as 
in them lies, to free themselves from that 
pressure, by bearing against the contigu­
ous Bodies that keep them bent; and, 
assoon as those Bodies are remov’d 'or 
seduced to give them way, by presently 
unbending and stretching out themselves, 
either quite, or so far forth as the con­
tiguous Bodies that resist them will per­
mit, and thereby expanding the whole 
parcel of Air, these elaftical Bodies com-
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This Notion may perhaps be some­

what further explain’d, by conceiving the 
Air near the Earth to be such a heap of 
little Bodies, lying one upon another, as 
may be resembled to a Fleece of VVooll. 
For this (to omit other likenesses betwixt 
them) consists of many (lender and flexi­
ble Hairs-, each of which, may indeed, 
like a little Spring, be easily bent or rout­
ed up-, but will also, like a Spring, be 
still endeavouring to stretch it self out 
again. For though both these Haires, 
and the Aerial Corpuscles to which we 
liken them, do easily yield to external! 
pressures; yet each of them (by vertue of 
its structure) is endow'd with a Power or 
Principle of self-Dilatation; by vertue 
whereof, though the hairs may by a Mans 
hand be bent and crouded closer together, 
and into a narrower room then suits best 
V'ith the nature of the Body - Yet whil’st 
the compression lasts, there is in the fleece 
they compose an endeavour outwards, 
whereby it continually thrusts against the 
hand that opposes its Expansion. And 
upon the removal! of the external pres­
sure,by opening the hand more or less,the 
compressed Wooll does, as it were, spon­
taneously expand or display it self towards 

C 4 the
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the recovery of its former more loose and 
free condition, till the Fleece have ei­
ther regain’d its former Dimensions, dr 
at least, approach’d them as near as the 
compressing hand (perchance not quite 
open’d) will permit. This Power of 
self-Dilatation,is somewhat more conspi­
cuous in a dry Spunge comprefPd, then 
in a Fleece of Wooll. But yet we ra­
ther chose to imploy the latter, on this 
occasion, because it is not like a Spunge, 
an entire Body, but a number of (len­
der and flexible Bodies, loosely com­
plicated, as the Air it self seems to 
be.

There is yet another way to explicate 
the Spring of the Air, namely, by suppo­
sing with that most ingenious Gentleman, 
Monsieur Des Cartes, That the Air is no­
thing but a Congeries or heap of small 
and (for the mod part) of flexible Parti­
cles; of several (ires,and of all kinde of Fi­
gures which are rais'd by heat (especially 
that of the Sun) into that fluid and 
subtle Etheriall Body that surrounds 
the Earth-, and by the restlesse agi­
tation of that Celeflial Matter where­
in those Particles swim, are so whirl’d

round,
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round, that each Corpuscle endeavours 
to beat off all others from coming within 
the little Sphear requisite to its motion 
about its own Center 5 and (incafeany, 
by intruding into that Sphear shall op­
pose its free Rotation) to expel! or drive 
it away: So that according to this Do­
ctrine, it imports very little, whether the 
particles of the Air have the structure re­
quisite to Springs, or be of any other 
form (how irregular soever) since their 
Elastical power is not made to depend 
upon their shape or structure, but upon 
the vehement agitation, and (as it were) 
brandishing motion, which they receive 
from the fluid Ether that swiftly flows 
between them, and whirling about each 
of them (independently from the reft) 
not onely keeps those slender Aerial 
Bodies separated and stretcht out (at least, 
9s far as the Neighbouring ones will per­
mit ) which otherwise, by reason of 
their flexiblenefs and weight, would 
flag or curl; but also makes them hie 
against, and knock away each other, and 
consequently require more room , then 
that which if they were compress'd, they 
would take up.
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By these two differing ways, my Lord, 

may the Spring of the Air be explicated. 
But though the former of them be that, 
which by reason of its seeming somewhat 
moreeane, 1 stall for the most part make 
use of in the following Discourse: yet 
am I not willing to declare peremptorily 
for either of them,against the other. And 
indeed, though I have in another Treatise 
endeavoured to make it probable, that the 
returning of Elaftical Bodies sis I may so 
call them) forcibly bent, to their former 
position, may be Mechanically explica­
ted.- Yeti must confess, that to deter­
mine whether the motion of Restitution 
in Bodies, proceed from this, That the 
parts of a Body of a peculiar Structure 
are put into motion by the bending of the 
spring,or from the endeavor of some sub­
tle ambient Body, whose passage may be 
oppos'd or obstructed, or else it's pressure 
unequally resisted by reason of the new 
shape or magnitude, which the bending of 
n Spring may give the Pores of it: To 
determine this, I fay, seems tome a mat­
ter of more difficulty, then ac first fight 
one would easily imagine it. Wherefore 
I shall decline medling with a subject, 
which is much more hard to be explica-
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ted, then necessary to be so, by him, 
whose business it is not, in this Letter, to 
assign the adequate cause of the Spring of 
the Air, but onely to manifest, That the 
Air has a Spring, and to relate some of 
its effects.

I know not whether I need annex that, 
though either of the above-mention d 
Hypotheses, and perhaps some others, 
may afford us an account plausible enough 
of the Air-spring ; yeti doubt, whether 
any of them gives us a sufficient account 
of its Nature. And of this doubt, I 
might here mention some Reasons, but 
that, peradventure, I may (God permit­
ting) have a fitter occasion to fay some­
thing of it elsewhere. And therefore I 
should now proceed to the next Experi­
ment, but that I think it requisite, first, 
to suggest to your Lordship what comes 
into my thoughts, by way of Answer to 
a plausible Objection, which I foresee you 
may make against our propos'd Doctrine, 
touching the Spring of the Air. For it. 
may be alleadged, that though the Air 
were granted to consist of Springy Par­
ticles (if I may so speak) yet thereby 
we could onely give an account of the 
Dilatation of the Ait in Wine* Guns and

other
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other pneumatical Engines wherein the 
Air has been compreflPd, and its Springs 
violently bent by an apparent external! 
force 5 upon the removallof which,’cis 
no wonder that the Air should, by the 
motion of restitution, expand it self till 
it have recovered its more natural dimen­
sions: whereas incur above-mentioned 
first Experiment, and in almost all others 
tryable in our Engine, it appears not 
that any compression of the Air prece- 
ded its spontaneous Dilatation or Expan­
sion of it self. To remove this difficul­
ty, I mutt defire Your Lordship 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 to evince, that the Atmos­
phere we live in is not (otherwise then 
comparatively to more ponderous Bodies) 
light, but heavy : And did not their 
gravity hinder them, it appears not why 
the steams of the Terraqueous Globe, of 
which our Air in great part consists, 
should not rife much higher then the Re­
fraction of the Sun, and other Stars 
give men ground to think, that the At­
mosphere, even in the judgement of those

Recent
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Recent Astronomers, who seem willing 
to enlarge its bounds as much as they dare, 
does reach.
But lest you stiould expect my seconding 

this Reason by Experience * and lest you 
stiould object, That most of the Experi­
ments that have been propos'd to prove the 
gravity ofthe Air,ha/e been either barely 
propos'd, or perhaps not accuratly try’d*, I 
am content,before I pass further,to menti­
on here, That I found a dry lambs-bladder 
containing near about two thirds of a pint, 
and compress'd by a packthred tyed about 
it, to loose a grain and the eighth part of 
a grain of its former weight, by the recess 
of the Air upon my having prickt it: And 
this with a pair of Scales, which when the 
full Bladder and the correspondent weight 
were in it, would manifestly turn either 
way with the 3 2 part of a grain. And if 
it be further objected, That the Air in 
the Bladder was violently compress'd by 
the Pack-thred and the fides of the 
Bladder, we might probably (to wave 
prolix answers) be furnish’d with a Re­
ply, by setting down the differing weight 
of our Receiver, whenempty’d and when 
full of uncompress’d Air, if we could here 
procure scales fit for so nice an experiment*

since
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since we are informed, that in the German 
Experiment, commended at the begin­
ning of this Letter, the Ingenious Tryers 
of it found, That their Glass Vessel, of 
the capacity of 32 measures, was lighter 
when the Air had been drawn out of it, 
then before, by no less then one ounce 
and h that is, an ounce and very near a 
third - But of the gravity of the Air, we 
may elsewhere have occasion to make fur­
ther mention.

Taking it then for granted that the Air 
is not devoid of weight, it will not be 
oneasie to conceive, that that part of the 
Atmosphere wherein we live, being the 
lower part of it, the Corpuscles that com­
pose it, are very much com press'd by the 
weight of all those of the like nature that 
are directly over them, that is, of all the 
Particles of Air, that being pil’d up up­
on them, reach to the top of the Atmos­
phere. And though the height of this 
Atmosphere, according to the famous 
Kepler, and some others, scarce exceeds 
eight common miles; yet other eminent 
and later Astronomers, would promote 
the confines of the Atmosphere, to ex­
ceed fix or seven times that number of 
miles. And the diligent and learned

Riviofo
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Riviolo makes it probable, that the At­
mosphere may, ac least in divers places, be 
at least 50 miles highjSo that according co 
a moderate estimate of the thickness of 
the Atmosphere, we may well suppose, 
thatæ.Column of Air, of many miles in 

leaning upon some springy Cor - 
pulcles of Air here below , may have 
weight enough to bend their little springs, 
and keep them bent: As, to resume our 
former comparison,if there were fleeces of 
Wool! pil’d up to a mountainous height 
upon one another, the Hairs that com­
pose the lowermost locks which support 
the rest, would, by the weight of all the 
Wool above them, be as well strongly 
compressed, as if a man should squeeze 
them together in his hands, orimployany 
such other moderate force to compress 
them. So that we need not wonder, that 
upon the taking off the incumbent Air 
from any parcel of the Atmosphere here 
below, the Corpuscles, whereof that un­
dermost Air consists,should display them­
selves, and take up more room then be­
fore.

And if it be objected, That in Water, 
the weight of the upper and of the lower 
part is the fame: I answer, That besides

that,..
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that it may be well doubted whether the 
observation, by reason of the great diffi­
culty have been exactly made, there is a 
manifest disparity betwixt the Air and 
Water: For I have not found, that upon 
an Experiment purposely made, sand in 
another Treatise Recorded; that Water 
will suffer any considerable compression; 
whereas we may observe in Wind-Guns 
(to mention now no other Engines J that 
the Air will suffer it self to be crouded in­
to a comparatively very little room; in 
so much, that a very diligent Examiner 
of the Phenomena of YVind-Guns would 
have us believe, that in one of them, by 
condensation, he reduc’d the Air into a 
space at least eight times narrower then it 
before poffest. And to this, if we adde 
a noble Phenomenon of the Experiment 
Be Vacuo; these things put together,may 
for the present suffice to countenance our 
Doctrine. For that noble Experimenter, 
Monsieur Pascal (the Son) had the com­
mendable Curiosity to cause the Torri­
cellian Experiment to be try’dat the foot,- 
about the middle, and at the top of that 
high Mountain (in Auvergne, if I mistake 
not) commonly call’d Le Puy de Bomme; 
whereby it was found, That the CMerenry

in
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In the Tube fell down lower, about three 
inches, at the top of the Mountain then 
at the bottom. And a Learned Man a 
while since inform’d me, That a great 
Virtuoso, friend to us both, has, with not 
unlike success, tryed the fame Experi­
ment in the lower and upper parts of a 
Mountain in the Weft of England-. Of 
which,the reason seems manifestly enough 
to be this, That upon the tops of high 
Mountains, the Air which bears against 
the reftagnant Quick-silver, is less press'd 
by the less ponderous incumbent Air; and 
consequently is not able totally to hinder 
the descent of so tall and heavy a Cylin­
der of Quick-silver, as at the bottom of 
such Mountains did but maintain miÆqtii- 
libriim with the incumbent Atmosphere.'

And if it be yet further Objected a- 
gainft what hath been propos’d touching 
the compactness and pressure 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 such o- 
ther light and weak Bodies; which seems 
to argue, that the particles of our Air are 
not so compress'd as we have represented 
them, especially, since by our former 
Experiment it appears, that the Air rea- 

D dily
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dily dilated it self downward, from the 
Receiver into the Pump, when ’tis plain, 
that it is not the incumbent Atmosphere, 
but onely the subjacent Air in the brass 
Cylinder that has been remov’d : If this, 
Isay, be objected, we may reply, That 
when a man squeezes a Fleece of Wool in 
his hand, he may feel that the Wool in­
cessantly bears against his hand, as that 
which hinders the hairs it consists of, to 
recover their former and more natural ex - 
tent. So each parcel of the Air about the 
Earth,does constantly endeavour to thrust 
away all those contiguous Bodies, whe­
ther Aerial or more gross, that keep 
them bent, and hinder the expansion of 
its parts, which will dilate themselves or 
she abroad towards that part, whether up­
wards or downwards , where they sinde 
their attempted Dilatation of themselves 
less resisted by the neihgboring Bodies. 
Thus the Corpuscles of that Air we have 
been all this while speaking of, being un­
able, by reason of their weight, to ascend 
above the Convexity of the Atmosphere, 
and by reason of the resistance of the sur­
face of the Earth and Water,to fall down 
lower, they are forced, by their own gra­
vity and this'resistance, to expand and

diffuse
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diffuse themselves about the Terrestial 
Globe; whereby it comes to pass, that 
they must as well press the contiguous 
Corpuscles of Air that on either stde op­
pose their Dilatation, as they must press 
upon the surface of the Earth, and, as it 
wererecoyling thence, endeavor to thrust 
away those upper particles of Air that 
lean upon them.

And as for the easte yielding ot the Air 
to the Bodies that move in it, if we con­
sider that the Corpuscles whereof it con­
sists, though of a springy nature, are yet 
so very small, as to make up (which ’tis 
manifest they doe) a fluid Body, it will 
not be difficult to conceive, that in the 
Air, as in other Bodies that are fluid, the 
little Bodies it consists of are in an almost 
restless motion, whereby they become 
(as we have more fully discoursed inano InaDi[~ 
ther Treatise) very much disposed toC0urfe_ 
yield to other Bodies, or easte to be dis- 

• plac’d by them, and that the same Cor-C^j^ , 
pufcles are likewise so variously mov’d, as ' 
they are intire Corpuscles, that if some 
strive to push a Body plac’d among them, 
towards the right hand (for instance) 
others, whose motion has anoppostte de­
termination, as strongly thrust the fame 

D 2 Body
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Body towards the left; whereby neither 
of them proves able to move it out of 
its place, the pressure on all hands being 
reduced as it were to an Equilibrium: so 
that the Corpuscles of the Air must be as 
well sometimes considered under the no­
tion of little Springs, which remaining 
bent, are in their entire bulk transported 
from place to place; as under the notion 
of Springs displaying themselves, whose 
parts flie abroad whilst as to their entire 
bulk they scarce change place: As the 
two ends of a Bow, shot off, fly from one 
another, whereas the Bow it self may be 
held faff in the Archers hand; and that it 
is the equal pressure of the Air on all fides 
upon the Bodies that are in it, which cau­
ses the eafie Cession of its parts, may be 
argu’d from hence: That if 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; lie that shall 
think to move that Body too and fro, as 
easily as before, will finde himself much 
mistaken.

In verification of which we will, to di­
vert your Eordfhip a little, mention here 
a Phenomenon of our Engine, which even

to
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to divers ingenious persons has at first 
sight seem'd very wonderful.

THe thing that is wont to be admired, Expen­
sed which may pass for our second merit z. 
Experiment is this, That if, when the 

Receiver is almost empty, a By-standee 
be desired to lift up the brass Key(iormer- 
ly described as a stopple in the brass Co­
vers he will findeita very difficult thing 
to do so, if the Vessel be well exhausted 5 
and even when but a moderate quantity of 
Air has been drawn out, he will, when he 
has lifted it up a little, so that it is some­
what loose from the sides of the lip or 
socket, which (with the help of a little 
oyl) it exactly filled before, he will (I say) 
sinde it so difficult to be listed up, that 
he will imagine there is some great weight 
fastned to the bottom of it. And if (as > 
sometimes has been done for merriment) 
onely a Bladder be tyed to it, it is plea­
sant to see how men will mat vail that so 
light a Body, filled at most but with Air, 
should so forcibly draw down their hand 
as if it were fill'd with some very ponder­
ous thing: whereas the cause of this pret­
ty Tbanomctivn seems plainly enough to 

D 3 be
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tie oncly this, That the Air in the Recei­
ver, being very much dilated, its Spring 
mult be very much weakn’d, and conse­
quently it can but faintly press up the 
lower end of the Itopple, whereas the 
Spring of the external Air being no way 
debilitated, he that a little lifts up the 
itopple mult with his hand support a pres­
sure equal to the disproportion betwixt 
the force of the internal e x panded Air,and 
that of the Atmosphere incumbent upon 
the upper part of the same key or Itopple: 
And so men being unus’d to finde any re­
sistance, in lifting things up , from the 
free Air above them, they are forward to 
conclude that that which depresses their 
hands mult needs be some weight,though 
they know not where plac’d, drawing be­
neath it.

And that we have not mis-assign'd the 
cause of this Th&nowenon seems evident 
enough by this-, That as Air is suffer­
ed by little and little to'get into the Re­
ceiver, the weight that a man fancies his 
hand supports is manifestly felt to decrease 
more and more, the internal Air by this 
recruit approaching more to an Equili­
brium with the external, till at length the 
Receiver growing again full of Air, the

stopple
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stopple may be lifted up without any dif­
ficulty at all.

By several other os the Experiments 
afforded us by our Engine, the fame no­
tion of the great and equal pressure of the 
free Air upon the Bodies it environs, 
might be here manifested, but that we 
think it not so fit to anticipate such Ex­
periments : And therefore lb all rather 
employ a few lines to clear up a difficulty 
touching this matter, which we have ob­
serv’d to have troubled some even of the 
Philosophical and Mathematical Specta­
tors of our Engine, who have wonder’d 
that we should talk of the Airexquifitely 
shut up in our Receiver, as if it were all 
one with the pressure of the Atmosphere; 
whereas the thick and close body of the 
Glass,wholly impervious to the Air,does 
manifestly keep the incumbent Pillar of 
the Atmosphere from pressing in the least 
upon the Air within the Glass, which it 
can no where come to touch. To eluci­
date a little this matter, let us consider, 
That if a man should take a fleece of 
Wool, and having first by compreffing it 
in his hand reduc’d it into a narrower com - 
pass, should nimbly convey and shut it 
close up into a Box just fit for it, though 
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the force of his hand would then no lon­
ger bend those numerous springy Body's 
that compose the Fleece, yet they would 
continue as strongly bent as before, be­
cause the Box they are inclos'd in would 
as much resist their re-expanding of 
themselves, as did the hand that put them 
in. For thus we may conceive, that the 
Air being shut up, when its parrs are bent 
by the whole weight of the incumbent 
Atmosphere, though that weight can no 
longer lean upon it, by reason it is kept 
off by the Glass, yet the Corpuscles of 
the Air within that Glass continue as 
forcibly bent as they were before their in­
clusion, because the fides of the Glass 
hinder them from displaying or stretch­
ing out themselves. And if it be. ob­
jected that this is unlikely, because ev’n 
Glass bubles, such as are wont to be 
blown at the flame of a Lamp, exceeding 
thin and Hermetically seal’d will not 
break; whereas it cannot be imagin'd 
that so thin a Prison of Glass could re­
sist the Elaitical force of all the included 
Air, if that Air were so compress’d as we 
suppose. It may be easily reply’d, That 
the pressure of the inward Air against the 
Glass, is countervail’d by the equal pres-
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sure of the outward against the fame Glass. 
And we fee in bubles, that by reason 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 also more conspicuous in 
those great Spherical bubles thatboyes 
sometimes blow with Water, to which 
Sope has given a Tenacity. But that, if the 
pressure of the ambient Air were remov’d, 
the internal Air may be able to break 
thicker Glasses then those lately men­
tion'd,will appear by some of the follow­
ing Experiments; to which we shall there­
fore now hasten, having, I fear, been but 
too prolix in this Excursion, though we 
thought it not amiss to annex to our first 
Experiments some general Considerati­
ons touching the Spring of the Air, be­
cause (this Doctrine being yet a stranger 
to the Schools) not onely we finde not 
the thing it self to be much taken notice 
of-, but of those few that have heard of it, 
the greater part have been forward to re­
ject it, upon a mistaken Perswafion, that 
those Phenomena are the effects of natures 
abhorrency of a Vacuum, which seem to 
be more fitly afcribeable to the weight 
and Spring of the Air.

We
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Expert- '^/\7H will now proceed to observe that 
mem z. though, by the help of the handle, 

the Sucker be easily drawn down to the 
bottom of the Cylinder; yet, without 
the help of that Leaver, there would be 
required to the same effect, a force or 
weight great enough to surmount the 
pressure of the whole Atmosphere: Since 
otherwise the Air would not be driven out 
of its place, when none is permitted to 
succeed into the place deserted by the 
Sucker. This seems evident, from the 
known Torricellian Experiment,in which, 
if the inverted T ube of CM er cur j be but 
25 Digits higss, or somewhat more, the 
Quick-silver will not fall but remain sus­
pended in the Tube; because it cannot 
press the subjacent Mercury with so great 
a force, as does the incumbent Cylinder 
of the Air reaching thence to the top of 
the Atmosphere: Whereas, if the Cy­
linder of Mercury were three or four digits 
longer, it would over-power that of the 
external Air,and run out into the Vessel’d 
Mercury, till the two Cylinders came to 
an lÆquilibrium, and no f urther. Elence 
we need not wonder, that though the

Sucker
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Sucker move easily enough up anddowrt 
in the Cylinder by the help of the Mann* 
brium^ yet if the Manubrium be taken off, 
it will require a considerable strength to 
move it either way. Nor will it seem 
strange, that if, when the Valve and 
Stop-cockare well shut, you draw down 
the Slicker, and then let go the Manubri­
um ; the Sucker will, as it were of it self, 
re-afcend to the top of the Cylinder,since 
the spring of the external Air sindes no­
thing to resist its pressing up the Sucker. 
And for the- fame reason, when the Re­
ceiver is almost evacuated, though, ha­
ving drawn down the Sucker, you open 
the way from the Receiver to the Cylin­
der, and then intercept that way again by 
returning the Key *, the Sucker will, up­
on the letting go the CManubrium , be 
forcibly carried up almost to the top of 
the Cylinder: Because the Air within the 
Cylinder,being equally dilated and weali­
ned with that of the Glass, is unable to 
withstand the pressure of the external Air, 
till it be driven into so little space, that 
there is an Equilibrium betwixt its force 
and that of the Air without. And con­
gruously hereunto we sinde, that in this 
cafe, the Sucker is drawn down with little

less
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less difficulty, then if the Cylinder, be2 
ing devoid of Air, the Stop-cock were 
exactly shut: We might take notice of 
some other things, that depend upon the 
Fabrick of our Engine it self; but to shun 
prolixity, we will, in this place, content 
our selves to mention one of them, which 
seems to be of greater moment then the 
reft, and it is this; that when the Sucker 
has been imped'd to the top of the Cylin­
der, and the Valve is so carefully stopp’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 
sensibly greater difficulty to depress the 
Sucker,when it is nearer the bottom of the 
Cylinder,then when it is much further oft. 
Which circumstance we therefore think fit 
to take notice of, because an eminent Mo­
dern Naturalist hath taught,that,when the 
Air is sucked out of a Body, the violence 
wherewith it is wont to rush into it again, 
as soon as it is allow’d to re-enter, pro­
ceeds mainly from this; That the pressure 
of the ambient Air is strengthned upon 
the accession of the Air suck’d ouc;which, 
to make it self room, forces the neighbor­
ing Air to a yiolent-subingreffion of its 
parts: which,if it were true, he that draws

down
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down the Sucker, would finde the resist­
ance of the external Air increas'd as he 
draws it lower, more of the displaced Air 
being thrust into it to compress it.But,by 
what has been discours'd upon the first: 
Experiment, it seems more probable,that 
without any such strengthning of the pres­
sure of the outward Air, the taking quite 
away or the debilitating of the resistance 
from within, may suffice to produce the 
effects under consideration. But this will 
perhaps be illustrated by some or other of 
our future Experiments , and therefore 
shall be no longer insisted on here,

TJF Aving thus taken notice of some of Experl- 
^ ^ the constant Fbancmena, of our En-mnt 4- 
gine it self, let us now proceed to the Ex­
periments tryable in it.

We took then a Lambs Bladder large, 
well dry'd, and very limber, and leaving in 
it about half as much Air as it could con­
tain, we caus'd the neck of it to be strong­
ly ty'd, so that none of the included Air, 
though by pressure, could get out- This 
Bladder being convey’d into the Receiver, 
and the Cover luted on, the Pump ' 
was set awork, and after two or three 
ex suctions of the ambient Air (where, 
by the Spring of that which remain’d in

the



the Glass was weaken’d) the Imprison’d 
Air began to swell in the Bladder, and as 
more and more of the Air in the Recei­
ver was,from time to time,drawn our. 5 so 
did that in the Bladder more and more ex­
pand it self, and display the folds of the 
formerly flaccid Bladdenso that before we 
had exhausted the Receiver near so much 
as we could, the Bladder appear’d as full 
and stretched, as if it had been blown up 
with a Quill.
And that it may appear that this plump­

ness of the Bladder proceeded from the 
surmounting of the debilitated Spring of 
the ambient Air remaining in the Vessel, 
by the stronger Spring of the Air remain­
ing in the Bladder; we Return’d the Key 
of the Stop-cock,and by degrees allow’d 
the external Air to return into the Recei­
ver : Whereupon it happen’d, as was ex­
pected, that as the Air came in from with­
out, the disturb’d Air in the Bladder, was 
proportionably compress’d into a narrow­
er room, and the sides 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.

(46)

This
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This Experiment is much of the fame 

nature with that which was some years 
agoe said to be made by that eminent Ge­
ometrician Monsieur Robervd , with a 
Carps Bladder empty’d and convey’d into 
a Tube, wherein the Experiment Be Va- 
cho was afterwards try’d, which ingeni. 
ous Experiment of his justly deserves the 
thanks ot those that have been, or shall be 
solicitous to discover the nature of the 
Air.

But to return to our Experiment, we 
may take notice of this Circumstance in 
it, That after the Receiver has been in 
some measure empty’d, the Bladder do's, 
at each exsuction, swell much more con­
spicuously then it did at any of the first 
Extractions insomuch that towards the 
end of the pumping, not onely a great 
fold or cavity in the surface of the Blad­
der may be made, even by the stretching 
of the inward self-expanding Air: But 
we have sometimes seen, upon the turn­
ing of the Key to let the ambient Air 
pass out of the Receiver into the Cylin^ 
der, we have seen (I say) the Air in the 
Bladder suddenly expand it self so much 
and so briskly, that it manifestly lifted up 
some light Bodies that lean'd upon it,



and seem’d to lift up the Bladder it 
self.

Now because it has by very Learned 
Men been doubted whether the swelling 
of the Bladder may not have proceeded 
from the Dilatation of 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 suppos'd in 
our Experiment to have return’d, like so 
many Springs to their wonted extent, up­
on the removal of the Ambient Air that 
compress'd and bent them: because this, 
I fay, has been doubted, we thought fit 
to make this further try all.

We let down into the Receiver with 
the fore-mentioned Bladder two other 
much smaller, and of the fame kinde of 
Animal the one of these was not ty'd 
up at the neck that there might be liberty 
left to the Air that was not squeezed out 
(which might amount to about a filth 
part of what the Bladder held before) to 
pass out into the Receiver: The other had 
the fides of it stretch’d out and press'd to­
gether, almost into the form of a Cup, 
that they might intercept the less Air be­
twixt them, and then was strongly ty’d

up
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up at the neck : This done, and the Air 
being in some meaiuve suck’d out of the 
Pneumatical Glass sis I may so call it) 
the Bladder, mention'd at the beginning 
of our Experiment, appear’d extended e- 
very way to its full Dimensions •, whereas 
neither of the two others did remarkably 
swell, and that whose neck was not ty’d 
seem’d very little, if at all less wrinkl'd 
then when it was put in.

.We made likewise a strong Ligature a- 
bout the middle of a long Bladder part­
ly emptyffi, and upon the drawing the 
Air out of the Receiver, could observe 
no such swelling betwixt the Ligature and 
the Neck of the Bladder, which had been 
purposely left open, as betwixt the fame 
Ligature and the bottom of the Bladder, 
whence the included Air could no way 
get out.

But a further and sufficient manifestati­
on whence the intumeilence of the Blad­
der proceeds, may be deduc’d from the 
following Experiment.

(49)

HP O try then at once both what it was Expert- 
A that expanded the Bladder, and what went 5, 

a powerful Spring there is ev'n in the Air 
E ws



we are wont to think uncompress'd, we 
caus'd a Bladder dry, well ty'd and blowti 
moderately full, to be hung in the Recei­
ver by one end of a string, whose other 
end was fastned to the inside of the Co­
ver: and upon drawing out the ambient 
Air, that press'd on the Bladder; the in­
ternal Air not finding the wonted resist­
ance, first swell'd and distended the Blad­
der, and then broke it, with so wide and 
crooked a rent, as is it had been forcibly 
torn assunder with hands. After which a 
second Bladder being convey’d in,the Ex­
periment was repeated with like success: 
And I suppose it will not be imagin’d that 
in this cafe the Bladder was broken by its 
own Fibres, rather then by the Impri­
son'd Air.

And of this Experiment these two Phœ- 
tiomcna, may be taken notice of: The one, 
that the Bladder at its breaking gave a 
great report, almost like a Craker: And 
the other, That the Air contain’d in the 
Bladder, had the power to break it with 
the mention’d Impetuosity, long before 
the ambient Air was, all or near all, drawn 
out of the Receiver.

But, to venfie what we fay in another 
Discourse, where we show, That even 
' true

(50)
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true Experiments may, by reason of 
the ease mistake of some unheeded 
Circumstance , be unsuccessfully try’d; 
we will Advertise, on this occasion, 
that we did oftentimes in vain try the 
breaking of Bladders, after the manner 
above-mention'd: Of which the cause 
appear'd to be this, That the Bladder s we 
could not break, having been brought us 
ready blown from those that fold them, 
were grown dry before they came to our 
hands: whence it came to pass, that, if 
we afterwards ty’d them very hard, they 
were apt to fret and so become unservice­
able ; and if we ty'd them but moderate­
ly hard, their stiffness kept them from be­
ing clos'd so ex actly, but that when the 
included Air had in the exhausted Recei­
ver distended them as much as easily it 
could, it would in part get out between 
the little wrinkles of the Sphincter of the 
NeckWhence also it usually 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 moils from the Butchers, we 
could, without injuring them, tye their 
necks so close, that none of the Air once 

E 2 blown



Experi­
ment 6.

blown in, could gee out of them, but by 
violently breaking them.

It will not be amiss on this occasion to 
point at something which may deserve a 
more deliberate Speculation then we can 
now afford it; namely that the Elaffical 
Power of the fame Quantity of Air may 
be as well Encreafd by the Agitation of 
the Aerial Particles (whether onely mo­
ving them more swiftly and scattering 
them, or also extending or stretching 
them out, I determine not) within an 
every way inclosing and yet yielding Bo­
dy ; as Display’d by the withdrawing of 
the Air that preiPd it without. For we 
found that a Bladder, but moderately 
sill’d with Air and strongly ty’d, being 
a while held near the Fire,net onely grew 
exceeding turgid and hard, but after­
wards , being approach’d nearer to the 
Fire, suddenly broke with so loud and ve­
hement a noise, as ftony’d those that were 
by, and made us, for a while after, almost 
deaf.

(52)

T_1 Aving thus seen that the Air has an 
* Elaffical Power, we were next desi­

rous to know in some measure how far a
parcel
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parcel of Air might by this its own Spring 
be dilated- And though we were not pro­
vided of Instruments fit to measure the 
dilatation of the Air any thing accurately, 
yet because an imperfect measure of it was 
move defireable then none at all, we de­
vis’d the following Method as very easily 
practicable.

We took a limber Lambs Bladder 
which was thorowly wetted in fair Water, 
that the fides of it being squeez'd toge­
ther, there might be no Air left in its 
folds: (as indeed we could not af terwards 
upon tryal discern any) The neck of this 
Bladder was strongly tyed about that of 
a small Glass, (capable of holding five 
full drachmes of Water) the Bladder be­
ing first so compress’d, that all the inclu­
ded Air was onely in the Glass, without 
being press 'd there • then the Pump be­
ing set awork after a few ex suctions, the 
Air in the little Viol began to dilate it 
self and produce a small Tumor in the 
Neck of the Bladder-, and as the ambi­
ent Air was more and more drawn away, 
so the included Air penetrated further and 
further into the Bladder, and by degrees 
lifted up the fides and display’d its folds, 
till at length it seem’d to have blown it
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up to its full extent: whereupon the ex­
ternal Air, being permitted to flow back 
into the Reciver, repuls’d 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 severing it from the Glass, we did by 
dhole made at the top of the Bladder fill 
the Vessel they both made up with Wa­
ter, whose weight was five Ounces five 
Drachmesand an half: Five Drachm e§ 
whereof were above-mention'd to be the 
Contents of the Bottle.So that in this Ex­
periment, when the Air had most extend­
ed the Bladder, it potTest’d in all above 
nine times as much room as it did when it 
was put into the Receiver. And it would 
probably have much inlarg’d its bounds, 
but that the Bladder by its weight and the 
sticking together of its fides did some­
what resist its expansion: And which was 
more considerable, the Bladder appear’d 
tumid enough, whilst yet a pretty deal of 
Air was left in the Receiver, whose ex­
suction would, according to our former 
Observation, probably have given way 
to a further expansion of the Air, efpeci-
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ally supposing the dilatation not to be re- 
It rain'd by the Bladder.

<T Ince we wrote the other day the former 
l Experiment, we have met with some 
G. a lies not very unfit for our purpose; 
by means of which we are now able, with 
a little more trouble, to measure the ex­
pansion of the Air a great deal more ac­
curately then we could by the help of the 
above-mentioned Bladder, which was 
much to narrow to allow the Air its ut­
most distention.

We took then first a Cylindrical Pipe 
of Glass, whose bore was about a quarter 
of an Inch in Diameter: this Pipe was so 
bent and doubled, that, notwithstanding 
its being about two foot in length, it 
might have been strut up into a small Re­
ceiver, not a Foot high : But by mis­
fortune it crack’d in the cooling, whereby 
we were reduced to make use of one part 
which was straight and intire, but exceed­
ed not six or seven Inches. This little 
Tube was open at one end and at the 
other, where it was Hermetically seal’d, 
had a small Glass bubble to receive the 
Air whose dilatation was to be measur’d, 

E 4 Along
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Along the side of this Tube was past­

ed a straight narrow piece of Parchment, 
divided into twenty six equal parti,,mark­
ed with black Lines and Figures, thai by 
them might be measur’d both the inclu­
ded Air and its dilatation. Afterwards 
we sill’d the Tube with Water almost to 
the top, and stopping the open end with 
a Finger, and inverting the Tube, the 
Ah was permitted to ascend to the above- 
mention’d Glass bubble. Anc by rea­
son this ascent was very stow, it gave us 
the opportunity to mark how much more 
or less then one of the twenty fix divisi­
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 Glass a bubble of 
Air equal enough, as to sight, to one 
of those Divisions : Then the open end 
of the Tube being put into a small Viol, 
whose bottom was cover’d with Water 
about half an Inch high-, we included 
both Glasses into a small and slender Re­
ceiver, and caused the Pump to be set a- 
vvork. The evens was, That at the first 
ex suction of the Air there appear’d not 
any expansion of the bubble, comparable 
to what appear’d at the second, and that 
upon a very few exsuctions the bubble

reaching
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reaching as low as the surface of the sub­
jacent Water, gave us cause to think 
that if our Pipe had not been broken it 
would have expanded it self much fur­
ther : Wherefore we took out the little 
Tube, and found that besides the twenty 
-fix divisions formerly mention'd, the 
Glass bubble and some part of the Pipe 
to which the divided Parchment did not 
reach, amounted to fix divisions more. 
Whereby it appears that the air had taken 
up one and thirty times as much room as 
before, and yet seem'd capable of a much 
greater expansion, if the Glass would 
have permitted it. Wherefore, after the 
former manner, we let in another bubble, 
that by our guess was but half as big as 
the former, and found, that upon the ex­
suction of the Air from the Receiver, this 
little bubble did not onely fill up the 
wholes ube, but (in part) breakthrough 
the subjacent- Water in the Viol, and 
thereby manifest it self to have possessed 
sixty and odde times its former room.

These two Experiments are mention’d 
to make way for the more eafie belief of 
that which is now to follow. Finding 
then that our Tube was too ihort to serve 
our turn, we took; a slender Quill of Glass

which
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which happen’d to be at hand, though it 
were not so fit tor our purpose as we 
could have wished, in regard it was three 
or four times as big at one end as the o- 
ther. This Pipe which was thirty Inches 
long, being Hermetically seal'd at the 
slender end, was almost filled with Wa­
ter-, and after the above-related manner 
a bubble was convey'd to the top of it, 
and the open extream was put into a Viol 
that had a little fair Water at the bottom: 
Then the Cover,by means of a small hole 
purposely made in it for the Glass Pipe to 
stand out at, was cemented on to the Re­
ceiver, and the Pump being set awork, 
after some exsuctions, not onely the Air 
manifestly appear’d extended below the 
surface ol the subjacent Water -, but one 
of the By-standers affirms, that he saw 
some bubbles come out at the bottom of 
the Pipe and break through the Water. 
This done, we left off Pumping, and ob­
serv’d how dt the unperceiv’d leaks of the 
Receiver the Air got in so faff, thatit 
very quickly impell’d up the Water to 
the top of the Tube, excepting a little 
space whereinto that bubble was repuls’d, 
which had so lately pofsefTd the whole 
Tube; this Air at the slender end ap­

pear’d
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pear’d to be a Cylinder of parts of an 
Inch in length; but when the Pipe was 
taken out and turn’d upside down, it ap­
pear’d at the other end interior in bulk to a 
Pea.

These things being thus done we took 
(to make the Experiment the more ex­
actly) a small pair of Scales, such as Gold- 
Smiths use to weigh Gold Coyn in and 
weighing the Tube and Water in it, we 
found them to amount to one Ounce thir­
ty Grains and an half: Then we pour 'd in 
as much Water as serv’d to fill up the 
Tube, wherein before we had left as much 
space unsill'd up as was post’efPd by the 
bubble, and weighing again the Pipe and 
Water, we found the weight increas'd 
onely by one Grain. Lastly, pouring out 
the Water, and carefully freeing the Pipe 
from it (which yet we could not perfectly 
doe) we weighed the Glass 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 
was so ratified, as to take up one hundred 
fifty two times as much room as it did be­
fore : though it were then compress'd by

nothing
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nothing but the ordinary pressure of the 
contiguous Air. I know not whether in 
be requisite to take notice, that this Ex­
periment was made indeed in a moist 
Night, but in a Room, in whose Chim­
ney there was burning a good Fire, which 
did perhaps somewhat rarisie the Air of 
which the bubble consisted.

It has seem’d almost incredible which is 
related by the Industrious Merfennm^YhdZ 
the Air by the violence of heat, though 
as great as our Vessels can support with­
out fusion, can be so dilated as to take up 
seventy times as much room as before: 
Wherefore because we were willing to 
have a confirmation of so strange a Pheno­
menon ; we once more convey'd into the 
Tube a bubble of the bigness of the for­
mer, and prosecuting the Experiment as 
before with the fame Water, we observed 
that the Air did manifestly stretch it self 
so far, as to appear several times a good 
way below the surface of the Water in the 
Viol, and that too with a surface very 
convex toward the bottom of the Pipe. 
Nay, the Pump being ply’da little lon­
ger, the Air did manifestly reach to that 
place where the bottom of the Tube 
lean’d upon the bottom of the Viol, and 
f ' ’ seem’d
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seem'd to knock upon it and rebound 
from it: Which Circumstances we adde, 
partly that the Phenomenon we have been 
relating may not be imputed to the 
bare subsiding of the Water that fill’d 
the Tube, upon the taking off the pres­
sure of the ambient Air. And partly al­
so that it may appear that if our Expe­
riments have not been as accurately made 
as "with fitter Instruments might perhaps 
be possible-, yet the expansion of the 
Air is likely to be rather greater then 
lesser then we have made it: Since the 
Air was able to press away the Water ac 
the bottom of the Pipe,though that were 
about two Inches below the surface of the 
Water that was then in the Viol, and 
would have been at least as high in the 
Pipe, if the Water had onely subsided and 
not been depressed: So that it seems not 
unlikely that if the Experiment could be 
so made, as that the expansion of the Air 
might not be resisted by the Neighboring 
Bodies, it would yet inlarge its bounds, 
and perhaps stretch it self to two hundred 
times its former bulk, if not more. How­
ever,what we have now try’d wist,I hope, 
suffice to hinder divers of the Phenomena 
of our Engine from being distrusted:

Since
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Since in that part of the Atmosphere we 
live in,that which we call the free Air sand 
presume to be so uncompress'd) is crouded 
into so very small a part of that space, 
which if it were not hindred it would pol- 
fefs. We would gladly have tryed also 
whether the Air at its greatest expansion 
could be further ratified by heat; but do 
what we could, our Receiver leak'd too 
fast to let us give our selves any satisfacti­
on in that particular.

Expert- 'J'O discover likewise by the means of 
mm']. that pressure of the Air, both the 

strength of Glass, and how much inte­
rest the Figure of a Body may have in its 
greater or lester Resistance to the pressure 
of other Bodys, we made these further 
tryals.

We caufd to be blown with a Lamp a 
round Glass bubble, capable of contain­
ing, by guess, about five Ounces of Wa­
ter, with a slender neck about the bigness 
of a Swans Quill, and it was purposely 
blown very thin, as Viols made with 
Lamps are wont to be, that the thinness 
of the matter might keep the roundness 
of the Figure from making the Vessel too

strong;
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strong. Then having moderately empty - 
ed the Receiver, and taken it out of the 
Pump, we speedily applyed to the Ori­
fice of the bottom of it the Neck of the 
newly mention'd Glass,carefully (topping 
the Granny8 with melted Plaister, that no 
Air might get in at them : And after 
turning the Key of the Stop-cock, we 
made a free passage for the Air to pass out 
of the bubble into the Receiver: which it 
did with great celerity, leaving the bub­
ble as empty as the Receiver it self; as ap­
pear'd to us by some Circumstances not 
now to be insisted on. Notwithstanding 
all which, the Vessel, continuing as intire 
as before, gave us cause to wonder that 
the bare Roundness of the Figure should 
inable a Glass, almost as thin as Paper, to 
resist so great a pressure as that of the 
whole incumbent Atmosphere. And ha­
ving reiterated the Experiment, we found 
again that the pressure of the ambient 
Body, thrusting all the parts inwards, 
made them, by reason of their arched Fi­
gure, so support one another, that the 
Glass remain’d as whole as at first.

Now that the Figure of the Glass is 
of great moment in this matter, may be 
evinced by this other Experiment.

We



E took a Glass Helmet or Alem- 
dick (delineated by the seventh

Figure) such as Chymists use in Distilla­
tions, and containing by conjecture be­
tween two and three Pints: The Rostrum 
or Nose of it mark’d with (c) was Herme­
tically closed; and at the top of it was a 
hole, into which was fitted and cemented 
one of the Shanks of a middle-fiz’d Stop­
cock ; so that the Glass being turn'd up­
side-down, the wide Orifice (which in 
common Glass-Helmets is the onely one) 
was upwards; and to that wide Orifice 
was fitted a cast-Cover of Lead, which 
was carefully cemented on to the Glass: 
Then the other Shank of the Stop-cock 
being with Cement likewise fasten’d into 
the upper part of the Pump, the exsucti­
on of the Air was endeavoured. But it 
was not long before, the remaining Air 
being made much too weak to ballance 
the pressure of the ambient Air, the Glass 
was not without a great noise crack’d al­
most 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 (ab) 5 and upon an
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endeavour to pump out more of the Air, 
the crack once began, appear’d to run on 
further; though the Glass where it was 
broken seem’d to be by conjecture above 
ten, some thought above twenty times as 
thick as the bubble mention’d in the fore­
going Experiment.

This will perhaps make it seem strange 
that having taken another Glass bubble 
blown at the fame time, and like for 
ought we discern’d for size, thickness 
and Figure to that thin one formerly 
mention'd; and having seal'd it up Her­
metically, and suspended it in the Recei­
ver, theexfuction of the ambient Air did 
not enable the imprisoned Air to break,or 
in the least to crack the bubble; though 
the Experiment were laboriously try’d, 
and that several times with bubbles of o- 
ther sizes: But that perhaps the heat of 
the Candle or Lamp wherewith such 
Glasses are Hermetically seal’d, (not to 
mention the warmth of his hands that: 
seal’d it) might so rarifie the contained 
Air, as much to weaken its Spring, may 
seem probable by the following Expe­
riments,

F We



'Experi­
ment 9. WE took a Glass Viol able to hold 

three or four Ounces of Water, 
and of the thickness usual in Glasses of 
that size; into the Neck of this was put 
a moderately slender Pipe of Glass,which 
was carefully fasten'd with a mixture of e- 
qual parts of Pitch and Rosin to the Neck 
of the Viol, and which reach'd almost to 
the bottom of it, as the sixth Figure de­
clares.

This Viol being upon a particular de­
sign fill’d with Water,till that came up in 
it a pretty deal higher then the lower end 
of the Pipe, was put into one of our small 
Receivers, (containing between 2 Pint 
and a Quart) in such manner as that the 
Glass Pipe, pasting through a hole made 
purposely for it in the Leaden-Cover of 
the Receiver, was for the most part of it 
without the Vestel, which being ex aftly 
closed, the Pump was set awork: But at 
the very first exfuction, and before the 
Sucker was drawn to the bottom of the 
Cylinder, there flew out of the Viol a 
piece of Glass half as broad as the Palm 
of a Mans Hand, and it was thrown out 
with such violence, that hitting against
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the Neighboring fide of the Receiver, it 
not onely dash'd it self to pieces, but 
crack’d the very Receiver in many places, 
with a great noise that much surprised all 
that were in the Room. But it seem’d 
that in so little a Receiver, the Air about 
the Viol being suddenly drawn out, the 
Air Imprison’d in the Vessel, having on 
it the whole pressure of the Atmosphere 
f to which by the Pipe open at both ends, 
It and the Water were expos'd) and not 
having on the other fide the wonted pres­
sure of the Ambient Air to ballance that 
other pressure, the resistance of the Glass 
was finally surmounted,and the Viol once 
beginning to break where it was weakest, 
the external Air might rush in with vio­
lence enough to throw the crack’d parcel 
so forcibly against the Neighboring fide 
of the Receiver, as to break that too.

And this may be presumed sufficient to 
verifie what we delivered in that part of 
our Appendix to the first Experiment, 
where we mention’d the almost equal 
pressure of the Air on either fide of a 
thin Glass Vessel, as the cause of its not 
being broken by the forcible Spring of 
the contain’d Air. But yet that it be not 
suspected that chance had an interest in so 

V a odde
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odde an Experiment as we have been Re­
lating, we will adde that for farther satis­
faction we reiterated it in a round Glafse 
containing by guefse about fix ounces 
of water: this violl we put into such a 
small Receiver as was lately mention'd, 
in such manner as that the bottome of 
it rested upon the lower part of the Pneu- 
maticall Glafse, and the Neck came out 
through the Leaden-Cover of the same 
at a hole made purposely for it. But be­
ing made circumspect by the foregoing 
mischance, we had put the violl into a 
Bladder, before we put it into the Re­
ceiver to hinder this last named Glafse 
from being endanger’d by the breaking 
of the other. Then the Pneumaticall 
vessels being clos’d so that no way was 
left for the outward Air to get into it, 
but by breaking through the Viol, into 
whose cavity it had free accesse by the 
mouth of it, (which was purposely left 
open,) the Sucker being nimbly drawn 
down,the external Airimmediatly press’d 
forcibly as well upon the Leaden-Co­
ver as the Violl; and the Cover hap­
pening to be in one place a little narrow­
er then the edge of thePneumatical Glass, 
was depress'd, and thrust into it so vio-
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lently by the incumbent Air, that get­
ting a little within the tapering Lip of the 
GLss,it did like a kinde of Wedge,thrust 
our that fide where it was depress'd, so as, 
though the Receiver was new, to split it- 
This accident being thus mention’d upon 
the by to confirm what we formerly laid 
touching the fitness or unfitness of Glasses 
of some Figures to resist the pressure of 
the Atmosphere-, We will proceed to 
relate the remaining part of the Experi­
ment, namely, That having fitted on a 
wider Cover to the fame Receiver, and 
closed both that and the crack with Ce­
ment, we prosecuted the Experiment in 
the manner above related,’ with this suc­
cess : That upon the quick depressing of 
the Sucker, the external Air burst the 
Body of the Viol in above a hundred pie­
ces, many of them exceeding small, and 
that with such violence that we found a 
wide rent, besides many holes, made in 
the Bladder it self.

And to evince that these Phenomena. 
were the effects of a limited and even 
moderate force, and not of such anab- 
horrency of a Vacuum as that to avoid it, 
many have been pleased to think that Na­
ture must, upon occasion, exercise anal- 

F 3 most
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most boundless power-,we afterwards pur­
posely try’d this Experiment with several 
Glasses somewhat thicker then those Vi­
ols,and found the event to verifieour con­
jecture, that it would not succeed : tor 
the Glasies were taken out as intire as they 
were put in.

And here, My Lord, I hold it not un­
fit, upon occasion of the mention that 
has been made of our having employ’d 
small Receivers, and one ot them, not­
withstanding its being crack’d, to annex 
these two Advertisements.

First then, besides the great Pneuma- 
tical Glass so often mention’d , and the 
proportionate Stop-cock, we thought fit 
to provide our selves of some small Recei­
vers blown of Crystalline Glass, of seve­
ral!'Shapes, and furnished with smaller 
Stop-cocks purposely made; and this we 
did upon hopes that when we had sur­
mounted the difficulties to be met with in 
Cementing the Glasses to the Stop­
cocks, and the Pneumatical Vestels to the 
Pump so exquisitely as is requisite for our 
purpose, we should from the smalness of 
our Receivers receive a four-fold Advan­
tage. The first, that by reason of the 
slenderness of the Vestels, and their be-

V " ing
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mg made of much purer and clearer me- 
tall, as the Glass-men speak, then the 
great Receiver, we might have a more 
perfect view of every thing happening 
within them. The next, that such small 
Vessels might be empty'd with less la­
bour and in much leffe time. The third, 
that this nimble ex suction of the ambient: 
Air would make many changes in the 
Bodies shut up in these glasses more sud­
den and conspicuous then otherwise they 
would prove. And the lass,that we should 
be able to draw and keep out the Air much 
more perfectly from such small Vessels 
then from our large Recei/er. But though 
we were not much dif-appointed in the 
expectation of the three first advantages, 
yet we were in our hopes of the fourth. 
For besides the great difficulty we found 
in fitting together the Glasses, the Stop­
cocks and the Covers ; besides this! fay, 
we found our selves seldom able to draw, 
and keep out the Air so far as to make the 
remaining Air in these Receivers weaker 
then the remaining Air in our great Recei­
ver. For though sometimes the Leaks 
of some of these little Receivers may be 
much either fewer or smaller then those 
of the larger Vessel; yet 9 little Air get- 

F 4 ting
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ting into one of these, wherein it had but 
little room to expand and display it self, 
might press as much upon all parts of the 
internal surface of the Vessel, and upon 
the included Bodies, as a greater quan­
tity of Air in a Vessel in whose capacity 
it might finde more room to expand it 
self.

The other thing that we were to ad­
vertise, is, That ’tis not every small crack 
that can make such a Receiver as is of a 
roundish Figure altogether useless to our 
Experiment, in regard that upon the ex- 
fuction of the internal Air, the ambient 
Air on all sides pressing the Glass inwards 
or towards the middle, does consequent­
ly thrust the Lips of the crack closer, and 
so rather close then increase it.

This I mention partly because Recei­
vers fit for our turn are more easily 
crack’d then procur’d,and therefore ought 
not to be unnecessarily thrown away as 
unserviceable: And partly because I think 
it becomes one that professes himself a 
faithful Relator of Experiments, not to 
conceal from Your Lordship, that after a 
few of the foregoing Experiments were 
made, there happen’d in the great Recei­
ver a crack of about a Span long, begin­

ning
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mng at the upper Orifice, and occasion’d, 
as it seem’d, by the excessive heat of too 
large an Iron that was employ’d to melt 
the Cement about that Orifice. But ha­
ving laid upon this crack a broad Plaifter, 
which in one of our Essays written some 
years since to your ingenious and hopeful 
Cousin 5tones) we extoll tor the mending 
of crack’d Receivers, and other Chymi- 
cal Glasses and having afterwards thick­
ly over-laid this Plaifter with Diachylon, 

-we neither could then, nor can yet per­
ceive that the Vessel leaks sensibly at that 
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 precisely, not ha­
ving those Essays in this place) of scra­
pings of Cheese and a little fair Water, 
no more then is juft necessary to bring the 
mixture to a somewhat soft Paste, which 
when the Ingredients are exquisitely in­
corporated, will have a strong and 
ftincking smell: Then it must be im­
mediately spread upon a Linnen Cloath 
three or four fingers breadth,and presently 
apply’d, left it begin to harden. But if 
Your Lordship had seen how we mended
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with it Receivers even for the most sub-' 
tie Chymical Spirits, You would scarce 
wonder at the service it has done in our 
Pneumatical Glass.

X /\/E took a Tallow-Candle of Inch 
eyt ’ ^ * a size that eight of them make 

about a pound, and having in a very com­
modious Candlestick let it down into the 
Receiver, and so suspended it that the 
Flame burnt almost in the middle of the 
Vessel, we did in some two minutes ex­
actly close it up: and, upon Pumping ve­
ry nimbly, we found that within little 
more then half a minute after the Flame 
went out, though the Snuff had been 
purposely left of that length we judged 
the moft convenient for the lasting of 
the Flame.

But the second time having put in the 
same Candle into the Receiver, faster it 
had by the blasts of a pair of Bellows 
been freed from Fumes) the Flame lasted 
about two minutes from the time the 
Pumper began to draw out the Air• up­
on the first exfuction whereof, the Flame 
seem’d to contract it self in all its Dimen­
sions. And these things were further Oh­

s'- " '... servable,
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fervable, that after the two or three Brit 
ex suctions of the Air, the Flame (except 
at the very top) appear’d exceeding blew, 
and that the Flame (till receded more and 
more from the Tallow, till at length it 
appear’d to poifefs onely the very top of 
the Week, and there it went out. % 

The fame Candle being lighted again 
was shut into the Receiver, to try how it 
would last there without drawing forth 
the Air, and we found that it lasted much 
longer then formerly; and before it went 
out receded from the Tallow towards the 
the top of the Week, but not near so 
much as in the former Experiment.
And having an intention to observe par­

ticularly what the motion of the fmoak 
would be in these Experiments: We 
took notice that when the Air was not 
drawn out, there did upon the extinction 
of the Flame a considerable part of the 
Week remain kindled, which (probably 
by reason of the Circulation of the Air 
in the Vessel, occasion’d by the heat) e- 
mitted a Steam, which ascended swiftly 
and directly upwards in a Bender and unin* 
terrupted Cylinder of smoke, till it came 
to the top, whence it manifestly recoyl’d 
by the fides to the lower part of the Vef-
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fel. Whereas when the Flame went out 
upon the exfuction of the Air one time 
(when the Flame retir'd very leasurely 
to the top) we perceived it not to be fol­
low’d by any smoke at all- And at an 
other time the upper part of the Week 
renaming kindled after the extinction 
of the Flame, the slender fleam of Fumes 
that did arise ascended but a very little 
way, and then after some uncertain mo­
tions this and that way, did, lor the most 
part,soon fall downwards.

Being desirous also to try whether 
there would be any difference as well in 
our Receiver as there is wont to be else­
where betwixt Candles made of Wax and 
those made of Tallow, as to their dura­
tion -j we took slender Tapers of white 
Wax, (commonly called Virgins Wax) 
that being found to burn with much less 
smoke then common yellow Wax: Six 
of these of like bigness, and each of them 
of about the thickness of a Swans Quill, 
we press'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 haste we could to 
close it up with Cement. But though in 
the mean while we lest open the Valve
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of the Cylinder, the hole of the Stop- 
cock and that in the Cover of the Re­
ceiver, that some Air might get in to 
cherish the Flame and the smoke might 
have a vent; Yet for so great a Flame 
the Air sufficed not so much as till the 
Cover could be perfectly luted on :^So 
that before we were quite ready to imploy 
the Pump, the Candle was extinguished. 
Wherefore we took but one of the a- 
bove mention'd Tapers, and having 
lighted it, clos'd it up in the Receiver, to 
try how long a small Flame with a pro­
portionable smoke would continue in 
such a quantity of Air: But we found 
upon two several tryals, that from the 
beginning of pumping, the Flame went 
out in about a minute of an hour. It 
appear’d indeed to us that the swinging 
of the Wierto and fro (in the Engine 
shaken by pumping) hasten’d the vanish­
ing of the Flame, which seem’d by that 
motion to be cast sometimes on one fide 
of the Week and sometimes on the o- 
ther; But though once we purposely 
refrain’d pumping after a very few ex­
suctions of the Air, that the Flame might 
not be agitated, yet it lasted not much 
longer then the newly mention'd time.

And



c?8)
And lastly, closing up the same Taper* 
lighted again, to discover how long ic 
would last without drawing out of the 
Air, we found that it burn’d for a while 
vividly enough, but afterwards began to 
be lessen'd more and more in all its Di­
mensions. And we observ’d that the 
Flame did not, as before, retire it self by 
little and little towards the top, but to­
wards the bottom of the Week (from 
which yet it did a little withdraw upwards 
just before it went out) so that the upper- 
part of the Week appear’d for a pretty 
while manifestly above the top of the 
Flame, which having lasted about five 
minutes, was succeeded by a directly as­
cending stream of Smoak.

j7vpm-_ *THere was taken a Wier, which being 
mm ii. -1 bent almost in the form of a Screw, 

constituted such an Instrument to contein 
Coals and leave them every way accessi­
ble to the Air, as the tenth Figure de­
clares ; the breadth of this Vestel was no 
less then that it might with ease be con­
vey’d into the Receiver: And having filld 

rt to the height of about five Inches with 
throughly kindled Wood-coals, we let

ic
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It down into the Glass; and speedily do- 
sing it, we caus'd the Pumper to ply 
his work, and observ'd that upon the ve­
ry first exsuction of the Air (though per­
haps not because of that onely) the Fire 
in the Coals began to grow very dim, and 
though the agitation of the Vessel did 
make them swing up and down (which in 
the free Air would have retarded the ex­
tinction of the Fire) yet when we could 
no longer discern any redness at all in any 
of them, casting our eyes upon a Minute- 
Watch we kept by us on this occasion,we 
found that from the beginning of the 
Pumping (which might be about two mi­
nutes after the Coals had been put in 
glowing) to the total dif-appearing of 
the Fire, there had passed but three mi­
nutes.

Whereupon, to try the Experiment a 
little farther, we presently took out the 
Coals, in which it seems there had re­
mained some little parcels of Fire, rather 
cover’d then totally quench’d: For in the 
open Air the Coals began to be re-kind­
led in several places, wherefore having by 
swinging them about in the Wier, 
throughly lighted them the second time, 
we let them down again into the Receiver,
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and clofd it speedily as before; and then 
waiting till the Fire seem’d totally ex. 
tinct without medling with the Pump,we 
found that from the time the Vessel was 
clos’d till that no Fire at all could be per­
ceiv'd there had passed about four mi­
nutes : Whereby it seem’d to appear that 
the drawing away of the ambient Air 
made the Fire go out sooner then other­
wise it would have done; though that part 
of the Air that we drew out left the more 
room for the stifling steams of the Coals 
to be received into.

Lastly, Having taken out the Wier 
and put other Coals into it, we did, in the 
fame Room where the Engine stood, let it 
hang quietly by a string in the open Air, 
to try how long the Fire would last with­
out agitation when no Air was kept from 
it. And we found that the Fire began to 
go out first at the top and out-sides of the 
Coals; but inwards and near the bottom 
the Fire continu’d visible for above half 
an hour, a great part of the Coals, espe­
cially those next the bottom, being burnt 
to allies before the Fire went out.

We caus’d likewise a piece of Iron to 
be forg’d, of the bigness of a middle siz’d 
Char-coal, and haying made it red hot

through-
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throng bout we caus'd it in the lately 
mention’d Wieiyto be speedily convey'd 
and lhuc up into the Receiver, being de­
sirous to try what would become of a 
glowing Body-, by reason ot its texture 
more vehemently hor then a burning 
Coal of the fame bigness, & yet unlike to 
fend forth such copious & stifling Fumes: 
But we could not observe any manifest 
change upon the ex suction of the Air. 
The Iron began indeed to lose its Fiery 
redness at the top, but that seem'd to be 
because it was at the upper end somewhat 
more slender then at the lower: The red­
ness, though it were in the day time, con­
tinued visible about four minutes 5 and 
then, before it did quite disappear, we 
turn'd the Key of the Stop-cock but 
could not discern any change ot the Iron 
upon the rushing in of the Air. Yet some 
little remainders of Wax that Buck to 
the Wier, and were turn'd into Fumes by 
the heat of the neighboring Iron, seem’d 
to afford a more plentiful, or at least a 
much more free expanded smoke when 
the Air was fuck’d out, then afterwards; 
though allowance was made for the de­
creasing heat of the Iron. And lastly, 
notwithstanding a considerable exfuction

G of



of the ambient'Air, though not by far so 
great a one as might have been made by 
the Engine; and notwithstanding the in­
considerable dissipation of the parts of the 
Iron, the surrounding fides of the Recei­
ver were sensibly, and almost offensively 
heated by it-, insomuch that a pretty while 
after the Iron was taken out, the sides ot 
the Glass manifestly retain'd a warmth : 
which would not be unfit to be consider’d 
by a Person at more leafure then I am 
now.

(82)

went 12

. "D Eing willing to try after this fome- 
x?cri~ D thing that would not cherish much 

Eire at once, and would keep Fire much 
longer then a Coal. We took apiece of 
Match,such as Souldiers use,of the thick­
ness of a Mans little Finger, or somewhat 
thicker • and this being well lighted at 
one end, was by a siring suspended with 
that end downwards in the cavity of the 
Receiver which was immediately clos’d : 
And yet by that time it could well be so, 
the copious Fumes of the Match hadneer 
sill’d and darken'd the Receiver. Where­
fore, left the Vessel should be endanger'd, 
the Pump was nimbly ply’d, and a great

deal



deal of Air and Smoke mixt together was 
drawn out, whereby the Receiver grow­
ing more clear, we could discern the Fire 
in the Match to burn more and more lan­
guidly : And notwithstanding that by the 
diligence us'd in Pumping, it seem'd to 
have room enough allow'd it to throw 
out Fumes; yet after no long time it 
ceas'd from being difcernable either by its 
Light or its Smoke. And though by 
that we were invited to suppose it quite 
extinguished, yet we continu'd pumping 
a while, in prosecution of another Expe­
riment we were trying at the fame time: 
And this we did the more willingly be­
cause of a suspicion the Experiment a- 
bout the Coals might easily suggest, and 
which the event declar'd not to have been 
altogether groundless. For upon the 
Admission of the external Air, the Fire, 
that seem’d to have gone out a pretty 
while before, did presently revive; and 
being as it were refresh d by the new Air, 
and blown by the Wind made by that 
Air in rushing in, it began again to shine 
and dissipate the neighboring Fuel into 
Smoke as formerly.

f8z)
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A 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, as not 
containing actually much (if any thing) a- 
bove a Pint of Air, but being capable of 
containing ten or twelve times as much.

Our scope in this Experiment was 
partly to try whether or no the smoke of 
the Match, replenishing the Receiver, 
would be able to hinder the Dilatation of 
the inward Air, upon the ex suction of the 
Ambient. And partly to discover whe- 
tntr the extinction of the Fire in the 
Match did proceed from want of Air, or 
barely from the pressure of its own 
Fumes, which for want of room to ex­
pand themselves in, might be suppos’d 
to Recoyl upon the Fire, and so to 
stifle it.

The event of our tryai was, That 
at the beginning of our Pumping the 
Match appear'd well lighted, though 
it had almost fill’d the Receiver with 
its plentiful Fumes: But by degrees it 
burnt more and more dimly, notwith­
standing that by the nimble drawing
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out the Air and Smoke, the Vessel 
were made less opacous, and lei’s full of 
compressing matter-, as appear'd by this,- 
That the longer we pump’d , the lesser 
Air and Smoke came out of the Cylin­
der at the opening the Valve, and conse­
quently the less came into it before 5 yet 
the lure in the Match went but slowly 
out. And when afterwards, to latisfie 
our selves of its expiration, we had dar­
ken’d the Room, and in vain endeavored 
to discover any spark of Fire, as we could 
not for some time before by the help of 
Candles discern the least rising of Smoke, 
we yet continued pumping fix or seven 
times • and alter all that letting in the 
Air, the seemingly dead Fire quickly 
revived, and manifested its recovery by 
Light and store of Smoke, with the 
latter of which it quickly began to re­
plenish the Receiver. Then we fell 
to pumping afresh, and continued that 
labour so long till the re-kindled 
Match went out again : and thinking, 
it then fit not to cease from Pum­
ping so soon as before, we found that 
inlets then half a quarter of an hour the 
Five was got owe for good and all,



and past the possibility of being recover’d 
by the re-admitted Air.

Some Circumstances, besides those al­
ready mention’d, occurr’d in the making 
of the Experiment, of which these are 
the principal.

First, when the Receiver was full of 
Smoke, if the Cylinder were emptied, 
immediately upon the turning of the 
Stop-cock, the Receiver would appear 
manifestly darken'd to his eye that look’d 
upon the light through it: and this dark­
ness was much less when the Receiver was 
much less fill'd with Fumes: It was also 
instantaneous,and seem’d to proceed from 
a sudden change of place and fcituation 
in the exhalations, upon the vent sud­
denly afforded them and the Air they 
were mixt with, out of the Receiver into 
the Cylinder.

The next thing we observ’d was, a kinde 
of Halo that appear'd a good while about 
the Fire, and seem’d to be produced by 
the surrounding Exhalations.

And lastly, it is remarkable, That even 
when the Fumes seemed most to reple­
nish the Receiver, they did not sensibly 
hinder the Air included in the Bladder 
from dilating it (elfafter the fame manner

(for

(86)



(8?)
/for ought we could discern) as it would 
have otherwise done: So that before the 
Fire or the Match was quite extinct, the 
Bladder appear'd fwell’d at least to fix or 
seven times its former capacity.

Since the writing of these last Lines, 
we took a small Receiver, capable of 
containing (by guess) about a pound and 
a half of Water; and in the midst of it 
we suspended a lighted Match,but though 
within one minute of an hour for there­
abouts) from the putting in of the Match, 
we had cemented on the Cover, yet we 
could not make such haste,but that before 
we began to pump, the Smoke had so 
fill’d that small Receiver, as for ought we 
discern’d, to choke the Fire. And having 
again and again reiterated the Experi­
ment, it seem'd still as at first, that we 
could not close up the Vessel and pump 
out all the Fumes time enough to rescue 
the Fire from Extinction; whereupon we 
made use of this Expedient. Aflbonas 
we had pump’d once or twice, we sudden­
ly turn’d the Key,and thereby gave access 
to the excluded Air, which rushing vio­
lently in, as if it had been forced thorow 
a pair of Bellows, did both drive away 
the ashes,fill the Glass with fresh Air,and

G 4 by



by blowing the ’almost extinguish'd Fire, 
re-kindl’dic, as appear'd by the Marches 
beginning again to smoke,which before it 
had ceas'd to do ^ we having by this 
means obtain’d a lighted Match in the 
Receiver, without bt.n • re uc’d to spend 
time to close it up, commanded the Air 
to be immediatly pump’d out. and found 
that upon the exfucticn of it, the Match 
quickly left fmokeing, as it seem’d, by 
reason of the absence of the Air*, and 
yet if some urgent occasions had not hin­
der’d us, we would for greater security 
have tvy’d, whether or no the Match re­
kindled as formerly, would smoke much 
longer. in cafe ot no exsuction of the am­
bient Air.

(88)

Expiri­
es cut 14.

’’T’O try diverse things at once , 
and particularly whether Fire , 

though we found it would not long last, 
might not yet be produced in our eva­
cuated Receiver: We took a Pistol of 
about a Foot in length, and having 
firmly tyed it to a stick almost as long as 
the Cavity of the Receiver, we very 
carefully prim’d it with well dry'd Gun­
powder, and then cocking it, we ty’d to

the
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the Tvicker one end of a firing, whose 
other end was fasten'd to the Key former­
ly mention'd to belong to the Cover of 
our Receiver. This done, we convey'd 
the Pistol, together with the annexed 
Staff, into the Vessel: which being clos’d 
up, and empty’d after the usual man* 
ner, we began to turn the Key in the 
Cover 5 and thereby fhortning the firing 
that reach’d from it to the Pistol, we 
pull'd aside the Tricker, and observ’d, 
that according to our expectation the 
force of the Spring of the Lock was 
not sensibly abated by the absence of 
the Air. (from whose imfetw yet some 
Modern Naturalists would derive the 
cause of the motion of Restitution in 
solid Bodies) For the Cock falling 
with its wonted violence upon the Steel, 
struck out of it as many and as conspi­
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 also observed 
whether or no there would appear 
any considerable Diversity in the 
Motion of the shining Sparks in a 
place where the remaining Aire was 
so much ratified, but could not perceive
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but that they moved some of them up­
wards, as well as some of them down­
wards, and some of them si de-ways, as 
they are wont to do, when upon such col­
lisions they fly out in the open Air,

We likewise caufd a piece of Steel to 
be made of the form and bigness of the 
Flint, in whose place we put it, and then 
the Pistol being cock’d and conveyed in­
to the Receiver, the Trigger was pull’d 
after the Air was drawn out: And though 
the place were purposely somewhat dar­
ken’d, yet there appear’d not upon the 
striking of the two Steels against each ci­
ther the least spark of" Fire : Nor did we 
expect: any shaving before in vain attem­
pted to strike Fire this way in the open 
Air) though we thought fit to make the 
Experiment to undeceive those who fan­
cy in ratified Air,I know not what strange 
disposition, to take Fire upon a much 
slighter occasion then this Experiment 
afforded. We have indeed found, that 
by the dextrous Collision of two har­
den’d pieces of Steel, store of sparks 
may be struck out:But that was done with 
such vehement percussion of the edges of 
the two Steels, as could not well be com­
pass'd in our Receiver.

But
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Bat the chief thing we design’d to do 
with our Pistol, was, To observe whe­
ther Gun-powder would take Fire in our 
empty’d and closely slop'd Glass ? Whe­
ther the expansion of the Flame would be 
considerably varied by the absence of so 
much of the ambient Air as was drawn 
out of the Receiver ? and whether the 
Flame would diffuse it self upward, as it is 
wont, notwithstanding its not having a- 
bout it the usual proportion of Air to 
force it up ? Ana though most of our at­
tempts to sire the Gun-powder in the 
Pan of the Pistol succeeded not, because 
we were fain to let it hang almost perpen­
dicular in the Receiver; whereby the 
Powder was shaken down before the 
sparks could reach it: yet once the Ex­
periment succeeded , and the kindled 
Powder seem'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 reason of that 
little portion of Air, which in fpight of 
our pumping remained in the Receiver, or 
for any other cause, we have not now the 
leisure to consider. But we must not for­
get,that upon the extinction of the Flame 
the Receiver appear’d darken'd with

smoke.
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smoke, which seem'd to move freely up 
and down, and upon the letting in the Air 
at the Stop-cock began to circulate much 
falser then before. We would have made
more observations concerning this Flame,
but that of two or three attempts we 
afterwards made to repeat the kindling of 
Powder, not any one succeeded; and 
we have not the leai’ure to dwell long up­
on one kindeof Trvals.

Expert- fpo these Experiments concerning Fire 
ment 15. we ^ed another,which,though it sue- 

ceded not, may perhaps without imper- 
tinency be recorded: partly because that 
(as we have in another Treatise amply de­
clar'd) it is uiefuil to recite what Experi­
ments miscarry as well as what fir- 
And partly also because it is very p-
that what we endeavored in vaine, m
performed by Your Lordihip, or some 
other Virtuoso that (hall have flancker 
Vellclls then we had, and more Sunny 
dayes then the present Winter allows 
us.
We convey’d then into one of our small 

Receivers a piece of matter combustible, 
dry and black (experience declaring things

of
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of that colour to be most easily kindled) 
& carefully closing the Vestel we brought 
it to a Windowat which the Sun,not very 
farre from the Meridian,shone in very free­
ly : then drawing out the Aire with speed 
united the Sun-beames with a burning 
Glass upon the combustible matter which 
began immediatly to fend forth a Smoke 
that quickly darkle the Receiver, but 
notwithstanding all our care and diligence 
the external! Aire got in so fast that after 
diverse tryals we were fayne to leave off 
the Experiment in that Glasi’e and induc’d 
to make tryall of it in our great Re­
ceiver.
. Haveing then after some difficulty 
lodg’d the combustible matter in the ca­
vity of this Vest'ell in such manner as that 
it was almost contiguous to that side 
thereof that was next the Sun, we did en­
deavor with a pretty large burning Glass 
to kindle it, but found , as we fear’d, 
That by reason of the thickness of the 
Glass, (which was also of a less pure and 
less Diaphanous matter then the ci­
ther) the Sun-beams thrown in by the 
burning Glass, were in their passage 
so Dislocated and Scattered snot now to 
mention those many that being reflected,

1 could



{could not pierce into the cavity of the 
Receiver) that we could not possibly u- 
nite enough of them to kindle the matter, 
nor so much as to make it sensibly smoke. 
Yet we hope that the feeing whether Bo­
dies (other then Gun-powder) may be 
kindled, and what would happen to them 
when set on fire, in a place in great mea­
sure devoid of Air, may prove so Nucife­
rous an Experiment, that when the Sea­
son is more favorable we shall, God per­
mitting, make further tryal of it, and ac­
quaint Your Lordship with the Event, if 
it prove prosperous. In the mean time 
we shall pass on to other Experiments, 
affoon as we have advertis'd Your Lord­
ship that we have forborn to make such 
Reflections upon the several Experiments 
we have set down concerning Fire, as the 
matter jvould have easily enough afford­
ed, and Your Lordship may perhaps have 
expected. But I made the less scruple to 
forbear the annexing of Speculations to 
these Recitals, because Carneades & Eleu~ 
thermshavein some Dialogues concern­
ing Heat and Flame, which were last year 
seen by some Friends, and may be, when 
you please, commanded by You, men­

tion’d
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tion’d divers os my Thoughts and Expe­
riments concerning Fire.

(105)

\/\7E designed to try whether or no Exftri- 
v V divers Magnetical Experiments 16 

would exhibit any unusual Phenomena, 
being made in our Evacuated Receiver 
instead of the open Air: But for want of 
leisure and conveniency to prosecute such 
Tryals, we were induced to reserve the 
reft for an other time, and to content our 
selves with making that which follows.
We convey'd into the Receiver a little 
Pedestal of Wood, in the midst of which 
was perpendicularly erected a slender 
Iron, upon whose sharp point an excited 
Needle of Steel purposely made, and of 
about five Inches long, was so placed 
that hanging in an vÆquilibrium it could 
move freely towards either hand. Then 
the Air being after the usual manner 
pumped out, we apply’d a Load-stone 
moderately vigorous to the out-side os 
of the Glass, and found that it Attracted 
or Repell’d the ends of the N eedle, accor­
ding to the Laws Magnetical, without 
any remarkable difference from what the 
fame Load-stone would have done had

none



Experi­
ment 17

none of the Air been drawn away from a- 
bout the Needle, which when the Load­
stone was removed, after some tremu­
lous Vibrations to and fro, rested in a po­
sition wherein it look’d North and 
South.

(lo 6)

TjRoceed we now to the mention of 
' ■* that Experiment, whereof the satis­
factory try al was the principal Fruit I 
promis’d my self from our Engine. It 
being then sufficiently known, that, in 
the Experiment De Vacuo, the Quick, 
silver in the Tube is wont to remain ele­
vated, above the surface of that whereon 
it leans, about 27 digits: I considered, 
that, if the true and onely reason why the 
Quick-silver falls no lower, be, that at 
that Altitude, the Mercurial Cylinder in 
the Tube, is an Equilibrium with the 
Cylinder of Air, suppos’d to reach from 
the adjacent Mercury to the top of the 
Atmosphere: If this Experiment could 
be try’d out of the Atmosphere, the 
Quick-silver in the Tube would fall 
down to a lev ell with that in the Vessel, 
since then there would be no pressure up­
on the Subjacent, to resist the weight of

the
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the Incumbent Mercury. Whence I in- 
feu'^d(as easily I might) that, if the Ex­
periment could he try’d in ouv Engine, the 
Quick-(liver would subside below 27 Di­
gits, in proportion to the exsuction ok 
Air, that should be made out of the Re­
ceiver.. For, as when the Air is (hut in­
to the Receiver, it does (according to 
what hath above been taught) continue 
there as strongly compress'd, as it did 
vvhil’ft all the incumbent Cylinder ot the 
Atmosphere lean’d immediatly upon it; 
because the Glass, wherein it is pent up, 
hinders it to deliver it self, by an expansi­
on of its parts, from the pressure where­
with it was /hut up. So, if we could per­
fectly draw the Air out of the Receiver, 
it would conduce as well to our put pole, 
as if we were allow'd to try the Experi­
ment beyond the Atmosphere.

Wherefore faster having surmounted 
some little difficulties which occurred at 
the beginning) the Experiment was made 
after this manner. We took a slender and 
very curiously blown Cylinder of Glass, 
of near three Foot in length, and whose 
bore had in Diameter a quarter of an (nch, 
wanting a hairs breadth: This Pipe being 
Hermetically seal'd at one end, was, at 

H th®
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the other, fill'd with Quick-silver, care 
being taken in the filling, that as few 
bublesas was possible should be left in the 
Mercury : Then the Tube being ssopr 
with the Finger and inverted, was open’d, 
according to the manner of the Experi­
ment, into a somewhat long and slender 
Cylindrical Box (instead of which we now 
are wont to use a Glass of the fame form) 
hall fill’d with Quick-silver: And so, the 
liquid metal being suffered to subside, and 
a piece of Paper being passed on level! 
with its upper surface, the Box and Tube 
and all were by strings carefully let down 
into the Receiver, and then, by means of 
the hole formerly mention’d to be left in 
the Cover,the slid Cover was slip’t along 
as much of the Tube as reach’d above the 
top of the Receiver $ And the Interval, 
left betwixt the sides of the Hole and 
those of the Tube, was very exquisitely 
sill’d up with melted (but not over hot) 
Diachylon; and the round chink, betwixt 
the Cover and the Receiver, was likewise 
very carefully clos’d up: Upon which clo­
sure there appear’d not any change in the 
height of the Mercurial Cylinder; no 
more, then if the interpos’d Glass Recei­
ver did not hinder the immediate pressure
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of the ambient Atmosphere upon the 
inclosed Air -, which hereby appears to 
bear up on the Mercury, rather by virtue 
of its spring, then of-its weight: since its 
weight cannot be suppos'd to amount to 
above two or three Ounces, which is in­
considerable in comparison of such a Cy­
linder of Mercury as it would keep from 
subsiding.

All things being thus in a readiness, the 
Sucker was drawn down and, immedi­
ately upon the egress of a Cylinder of 
Air out of the Receiver; the Quick-silver 
in the Tube did, according to expectati­
on, subside: and notice being carefully 
taken (by a mark fasten'd to the outside) 
of the place where it stopt, we cauf d him 
that manag’d the Pump to pump again, 
and mark’d how low the Quick-silver fell 
at the second exfuction •, but continuing 
this work, we were quickly hindred from 
accurately marking the Stages made by 
the Mercury in its descent, because it soon 
sunk below the top of the Receiver; so 
that we could thenceforward mark it no 
other ways then by the eye. And thus, 
continuing the labor of pumping for a- 
bout a quarter of an hour, we found our 
selves unable to bring the Quick-silver in 

H 2 the
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the Tube totally to subside; because^ 
when the Receiver was considerably em- 
pty’dof its Air, and consequently that, 
little that remain’d grown unable to resist 
the Irruption os the external, that Air 
would (in spight of whatever we could 
do- press in at some little Avenue or 
other; and though much could not there­
at get in,yet a little was sufficient to coun- 
terballance the pressure of lo small a Cy­
linder of Quick-silver, as then remain’d 
in the Tube.

Now (to satissie our seizes further,that 
the failing of the Quick-silver in the 
Tube to a determinate height, proceeds 
from the vÆqui librium, wherein it is at 
that height with the external Air, the one 
gravitating,.the other pressing with equal 
force upon the subjacent Mercury)we Re­
turned the Key and let in some new Air; 
upon which the Mercury immediatly be­
gan to ascend (or rather to be impell’d up­
wards ) in the Tube, and continu’d ascend­
ing, till having Return’d the Key it im­
mediatly rested at the height which it had 
then attain’d-• And lb, by Turning and 
Returning the Key, we did several times 
at pleasure impel it upwards, and check its 
ascent. And lastly, having given a free

egress



(ill)
egress at the Stop-cock to as much of the 
external Air as would come in,the Quick­
silver was imped'd up almost to its first 
height: I fay almost, because it slope 
near a quarter of an Inch beneath the Pa­
per mark formerly mention'd which we 
ascrib’d to this, That there was fas is u- 
fualin this Experiment) some little Parti­
cles of Air engag'd among those of the 
Quick-silver which Particles, upon the 
descent of the Quick silver, did manifest­
ly rife up in Bubbles towards the top of 
the Tube, and by their pressure, as well 
as by lessening the Cylinder by as much 
room as they formerly took up in it, hin­
der’d the Quick-silver from regaining its 
first height.

This Experiment was a few days after 
repeated in the presence of those excellent 
and deservedly Famous Mathematick 
Professors, Dr. Wallis, Dr .Ward, and Mr. 
Wren, who were pleased to Honor it with 
their Presence: And whom I name, both 
as justly counting it an Honor to be 
known to them,and as being glad of such 
Judicious and illustrious Witnesses of our 
Experiment; and 'twos by their guess that 
the top of the Quick-silver in the Tube 
was defin'd co be brought within an Inch

H 5 of
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of the surface of that in the Vessel.1

And here, for the Illustration of the 
foregoing Experiment, it will not be a- 
miss to mention some other particulars 
relating to it.

First then, When we endeavor’d to 
masse the Experiment with the Tube 
clos’d at one end with Diachylon instead 
of an Hermetical Seal-, we perceiv’d, that 
upon the drawing of some of the Air out 
of the Receiver, the Mercury did indeed 
begin to fall, but continu'd alter wards to 
subside,though we did not continue pum­
ping. Whence it appear’d, that though 
the Diachylon that ssopt the end of the 
Tube were so thick and strong, that the 
external Air could not press it in (as expe­
rience taught us that it would have done, 
if there had been but little of it) yet the 
subtler parts of it were able (though 
(lowly) to insinuate themselves through 
the very body of the Flails er, which it 
seems was of so close a Texture, as that 
which we mention’d our selves to have 
successfully made use of in the Experi­
ment De Vacuo some years ago. So that 
now we begin to suspect,that perhaps one 
Reason, why we cannot perfectly pump 
but the Air,may be, that when the Vessel
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is almost empty, some of the subtler 
parts of the external Air may, by the 
pressure of the Atmosphere, be strain’d 
through the very body of the Diachylon 
into the Receiver. But this is onely con­
jecture;

Another Circumstance of our Expe­
riment was this, That, if fwhen the 
Quick-silver in the Tube was fallen low) 
too much ingress were, at the hole of the 
Stop-cock, suddenly permitted to the ex­
ternal Air; it would rush in with that vio­
lence, and bear so forcibly upon the sur­
face of the subjacent Quick-silver, that 
it would impel it up into the Tube rudely 
enough to endanger the breaking of the 
Glass.

We formerly mention’d, that the 
Quick- silver did not in its descent fall as 
much at a time after the two or three first: 
exfuctions of the Air, as at the beginning: 
For, having mark’d its several Stages up­
on the Tube, we found, that at the firs: 
fuck it descended an Inch and}, and at the 
second an Inch and f ; 'and when the Ves­
sel was almost empty’d, it would scarce at 
one exfuction be drawn down above the 
breadth of a Barly-corn. And indeed we 
found it very difficult to measure in what 

H 4 pro-
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proportion these decrements of the Mer­
curial Cylinder did proceed: pa- tly be­
cause fas we have already intimated; the 
Quick silver was soon drawn below the 
top of the Receiver and par tly because, 
upon its descent at each exluction, it 
would immediatly reafcend a little up­
wards ; either by reason of the leaking of 
the Vessel ?t some imperceptible hole or 
other, or by reason of the motion of 
Restitution in the Air,which, being some­
what comprest by the fall as well as weight 
of the Quick-stiver, would repell it a lit­
tle upwards,and make it vibrate a little up 
and down, before they could reduce each 
other to such an ^Equilibrium as both 
might rest in. But though we could not 
hitherto make observations accurate e- 
nough concerning the measures of the 
Quick- stiver s delcent, to reduce them in­
to any Hypothesis, yet would we not dis­
courage any from attempting it; since,if it 
could be reduc’d to a certainty, ’tis proba­
ble that the discovery would not be un- 
ufeful.

And, to illustrate this matter a little 
more, we will adde, That we made a shift 
to try the Experiment in one of our above 
mention’d small Receivers,not containing

a Quart 5
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2 Quart; but that (agreeably to what we 
formerly observed) we found it as difficult 
to brinq this to be quite empty as toeva- 
cu ire the g eater $ the least external Air 
that could get in (and we could not possi­
bly keep it all perfectly out) sufficing in so 
small a Vessel to display a considerable 
prelTure upon the surface of the Mercury, 
and thereby hinder that in the Tube from 
falling to a level with it.But this is remark, 
able, that having two or three times try’d 
the Experiment in that small Vessel, upon 
the very first Cylinder of Air that was 
drawn out of the Receiver, the Mercury 
fell in the Tube i8 Inches and a half, and 
at another 19 Inches and a half.

But, on this occasion-1 hold it not un­
fit to give Your Lordship notice that I 
hop’d, from the descent of the Quick­
silver in the Tube upon the first fuck, to 
derive this advantage:that I should thence 
be enabled to give a near guess at the pro­
portion of force betwixt the pressure of 
the Air (according to its various states, as 
to Density and Rarefaction) and the gra­
vity of Quick-silver, then hitherto has 
been done. For in our Experiment there 
are diverse things givenj that may be 
made use of towards such a discovery.

For
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For first we may know the capacity of the 
Receiver wherein the Experiment is 
made, since, by filling it with water, we 
may easily compute how many Quarts,or 
Measures of any other denomination, it 
contains of Air; which Air, when strut 
up in the Vestel, may be suppos'd to have 
a pressure equal to that of the Atmo­
sphere j since it is able to keep the Quick­
silver in the Tube from falling any lower 
then it did in the free and open Air. Next 
here is given us the capacity of the brass 
Cylinder empty'd by the drawing down 
of the Sucker (its bore and height being 
mention’d in the description of our Pump) 
whereby we may come to know how 
much of the Air contain’d in the Recei­
ver is drawn out at the first fuck. And 
we may also easily define, either in weight 
or ciibick measures the Cylinder of 
Quick-filver that answers to the Cy­
linder of Air lately mention'd (that 
Mercurial! Cylinder being in our En­
gine computable by deducting from 
the entire altitude of that Cylinder of 
Quick-filver, the altitude at which It rests 
upon the first exsuction.) But though, if 
this Experiment were very watchfully 
try’d in Vessels of several fires, and the
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various descents of the Quick-silver com­
par’d among themselves, ’tis not impro­
bable that some such thing as we hop’d for 
may thereby be discover’d. Yet because 
not oneiy the solid contents of as much 
of the Glass-tube as remains within the 
concave surface of the Receiver, and 
(which is more difficult) the varying con­
tents of the Vestel containing the Mer­
cury, and of as much of the Mercury it 
self as is not in the Tube, must be dedu­
cted out of the capacity of the Receiver; 
but there must also an allowance be made 
for this5that 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, is not so 
repleniffi d with Air as the Receiver it self 
at first was: because there pastes no more 
Air out of the Receiver into the Cylin­
der, then is requisite to reduce the Air in 
the cavity of the Cylinder, and in that of 
the Receiver to the fame measure of dila­
tation : Because of these (I fay) and some 
other difficulties that require more skill in 
Mathematicks then I pretend to,and much 
more lea sure then my present occasions 
would allow me,I was willing to refer the 
nicer consideration of this matter to some 
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of our Learned and Acuvate Mathema) 
ticians, thinking it enough for me to have 
given the Hint already suggested.

For further confirmation of what hath 
been delivered, we likewise tryed the Ex­
periment in a Tube of less then two foot 
long : and, when there was so much Air 
drawn out of the Vestel, that the remain­
ing Air was not able to counterballance 
the Mercurial Cylinder, the Quick-silver 
in the Tube subsided so visibly, that (the 
Experiment being try’din the little Ves­
sel lately mention'd) at the first fuck it 
fell above a span, and was afterwards 
drawn lower and lower for a little while; 
and the external Air being let in upon it, 
impel!'d it up again almost to the top of 
the Tube: So little matters it how heavy 
or light the Cylinder of Quick silver to 
subside is, provided its gravity over­
power the pressure of as much external 
Air as bears upon the surface of that Mer­
cury into which it is to fall.

Lastly we also observ’d, That if (when 
the Mercury in the Tube had been drawn 
down, and by an Ingress permitted to the 
external Air, impell’d up again to its for­
mer height) there were some more Air 
thrust up by the help of the Pump into
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the Receiver,the Quick-silver in the Tube 
would ascend much above the wonted 
height of 27 digits, and immediatly up­
on the letting out ot that Air would fall a- 
gain to the height it relied at be tore.

Your Lordlhip will here perhaps expect, 
that as those who have treated of the Xor- 
ricdluw Experiment, have for the molt 
part maintaind the Affirmative,or theNe* 
gative ot that famous Question, Whether 
or no that Noble Experiment infer a Va­
cuum? so I should on this occasion inter­
pose my Opinion touching that Contro- 
versie, or at least declare whether or no, in 
our Engine, the exsuction of the Air do 
prove the place deserted by the Air suck'd 
out, to be truly empty, that is, devoid of 
all Corporeal Subftance.But besides that, 
1 have neither the leisure, nor the ability, 
to enter into a solemn Debate of lo nice a 
Question Your Lordlhip may, if you 
think it worth the trouble, in the Dia­
logues not long since referr’d to, sinde the 
Difficulties on both sides represented; 
which then made me yield but a very wa­
vering assent to either of the parties con­
tending about the Question: Nor dare I 
yet take upon me to determine so difficult 
a Controverlie,

Tor
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For on the one side it appears,that not­
withstanding the exsuction of the Air, our 
Receiver may not be destitute of all Bo­
dies, since any thing placed in it, may be 
seen there; which would not be, if it 
were not pervious to those Beams of. 
Light which rebounding from the seen 
Object to our eyes,affect us with the sente 
of it: And that either these Beams are 
Corporeal Emanations from some lucid 
body,or else at least the light they convey 
doth result from the brisk Motion of some 
subtle Matter, I could, if I mistake not, 
sufficiently manifest out of the Dialogues 
above-mention’d,if I thought your Lord- 
strip could seriously imagine that Light 
could be convey'd without,at least,having 
sit I may so speak) a Body for its Ve­
hicle.

By the sixteenth Experiment, it also 
appears that the closeness of our Receiver 
hinders it not from admitting the Efflu­
via of the Load-stone 5 which makes it 
very probable that it also freely admits 
the Magnetical steams of the Earth; con­
cerning which, we have in another Trea­
tise endeavour'd to manifest that numbers 
of them do always permeate our Air.

But on the other side it may be laid,
- Than
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That as for the subtle Matter which makes 
the Objects enclosed mour evacuated Re­
ceiver, visible, and the Magnetical Efflu­
via ot the Earth that may be presum’d to 
pass thorow it, though we should grant 
cur Vessel not to be quite devoyd of 
them, yet we cannot so reasonably affirm 
it to be replenish’d with them, as we may 
suppose, that if they were gather’d toge­
ther into one place without Intervals be­
tween them, they would sill but a small 
part of the whole Receiver. As in the 
thirteenth'Experiment, apiece of Match 
was inconsiderable for its bulk, whiles! its 
parts lay close together, that afterwards 
(when the Fire had scatter'd them into 
smoke) seem’d to replenish all the Vestel. 
For (as elsewhere our Experiments have 
demonstrated) both Light and the Efflu­
via of the Load-stone, may be readily ad­
mitted into a Glais, Hermetically seal’d, 
though before their Admission, as full of 
Air as hollow Bodies here below are wont 
robe, so that upon the exfuctionof the 
Air, the large space deserted by ir, may 
remain empty, notwithstanding the pre­
tence of those subtle Corpuscles, by 
which Lucid and Magnetical Bodies pro­
duce their effects,

Aud
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And as for the Allegations above 
mention’d, they seem to prove but that; 
the Receiver devoy’d of Air, Maybz re­
plenish’d with some such Etherial Matter, 
as some Modern Naturalists write of; but 
not that it really is so. And indeed to me 
it yet seems, that as to those spaces which 
the Vac ut sis would have to be empty, be­
cause they are manifestly devoid os Air = 
and all grosser Bodies, the Plemsts sis 1 
may so call them) do not prove that such 
spaces are replenish’d with such a subtle 
Matter as they speak of, by any sensible 
effects, or operations of it (of which di­
vers new Tryals purposely made,have not 
yet shown me any) but onely conclude 
that there must be such a Body, because 
there cannot be a Void. And the reason 
why there cannot be a Void, being by 
them taken, not from any Experiments, 
or Phenomena of Nature, that dearly and 
particularly prove their Hypothesis, but 
from their notion of a Body, whose Na­
ture, according to them, consisting one­
ly in extension (which indeed seems the 
property most essential to,because insepa­
rable from a Body) to say a space devoid 
of Body, is to speak in the School-mens 
Phrase, a Contradiction in Adjecto: This

Reason,
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reason, I say, being thus defam'd, feettis 
to makd the Controversie about a Vacu­
um, rather a Metaphysical, then a Physio­
logical Question* which therefore we shall 
here no longer debate, finding it very dif­
ficult either to fatisfie Naturalists with 
this Cartesian Notion of a Body, or to 
manifest wherein it is erroneous, and sub­
stitute a better in its stead.

But though we are unwilling to exa­
mine any further the Inferences wont to 
be made from the 'Torricellian Experi­
ment, yet we think it not impertinent to 
present Your Lordship* with a couple of 
Advertisements concerning it.

First, then if in trying the Experiment 
here or elsewhere, you make use of the 
English measures that Mathematicians 
and Tradefmen are here wont to imploy, 
You will, unless you be forewarn’d of it, 
be apt to suspect that those that have writ­
ten of the Experiment have been mista­
ken. For whereas men are wont gene­
rally to talk of the Quick-silver’s remain­
ing suspended at the heighth of between 
si x or seven and twenty Inches * we com­
monly observ’d, when divers years since 
we first were follicitous about this Expe­
riment, that the Quick-silver in the Tube 
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tested at about 29 Inches & an half above 
the surface of the Restagnant Quick- silver 
in the Vessel,which did a: first both amaze 
and perplex us, because though we held it 
not improbable that the difference of the 
grosser English Air, and that of Italy and 
France,might keep the Quick-silver from 
falling quite as low in this colder, as in 
those wanner Climates yet we could 
not believe that that difference in the Air 
should alone be able to make so great a one 
in the heights of the Mercurial Cylinders-, 
and accordingly upon enquiry we found, 
that though the various density of the 
Air be not to be over-look’dm this Ex­
periment, yet the main Reason why we 
found the Cylinder of Mercury to consist 
of so many Inches, was this, That our 
English Inches are somewhat inferior in 
length to the digits made use of in Fo­
rein Parts, by the Writers of the Expe­
riment.
The next thing I desire Your Lordship to 
take notice of,is, That the heigthof the 
Mercurial Cylinder is not wonttobefoud 
altogether so great as really it might 
prove, by reason of the negligence or in« 
cogitancy of most that make the Experi­
ment. For often times upon the opening
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of the inverted Tube into the Vestell’d 
Mercury, you may observe a bubble of 
Air to ascend from the bottom of the 
Tube through the subsiding Quick-silver 
to the top and almost always you may, 
if you look narrowly, take notice of a 
multitude of small bubbles all along the 
inside of the Tube betwixt the Quick­
silver & the glass:(not nowto mention the 
Particles of Air that lye conceal’d in the 
very Body of the Mercury ) Many of 
which, upon the Quick-silvers forsaking 
the upper part of the Tube, do break in­
to that deserted space where they sinde 
little or no resistance to their expanding 
of themselves. Whether this be the rea­
son that upon the Application of warm 
Bodies to theemptyed part of the Tube, 
the subjacent Mercury would be depress'd 
somewhat lower, we shall not determine ; 
though it seem very probable, especially 
since we found that upon the application 
of Linnen cloaths dipped in Water, to 
the fame part of the Tube, the Quick­
silver would somewhat ascend, as if the 
cold had condens'd the Imprison’d Air, 
that press'd upon it, into a lesierrooim 
But that the deserted space is not wont to 
be totally devoid of Air, we were induc'd 

la to
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to think by several Circumstances. For 
when an eminent Mathematician, and ex­
cellent Experimenter, had taken great 
pains and spent much time in accuratly fil­
ling up a Tube of Mercury, we found 
that yet there remain’d store of inconspi­
cuous bubbles, by inverting the Tube, 
letting the Quick-silver fall to its wonted 
heighth ; and by approaching fby de­
grees) a red hot Iron to the out-fide of the 
Tube, over against the upper part of the 
Mercurial Cylinder, for hereby the little 
unheeded bubbles, being mightily expan­
ded, ascended in such numbers, and so fast 
to the deserted space, that the upper part 
of the Quick-silver seem’d,to our wonder, 
to boyl. We further observ'd, That in 

< thetryalsof the Torricellian Experiment 
we have seen made by others, and fone 
excepted) all our own,we never found that 
upon the inclining of the Tube the Quick- 
Elver would fully reach to the very top of 
the seal’d end: which argued, that there 
was some Air retreated thither that kept 
the Mercury out of the unreplenish’d 
space-

If Your Lordship should now demand 
what are the best expedients to hinder the 
intrusion of the Air in this Experiment $

we



we must answer, Than of those which are 
easily intelligible without ocular demon­
stration, we can at present suggest upon 
our own tryals no better then these. First, 
at the open end of the Tube the Glass 
must not onely be made as even at the ed­
ges as you can, but it is very conveni­
ent (especially if the Tube be large) that 
the bottom be every way bent inwards, 
that so the Orifice, not much exceeding a 
quarter of an Inch in Diameter, may be 
the more easily and exactly stopp'd by the 
Experimenter’s finger ^ between' which 
and.the Quick- silver that there may be 
no Air intercepted (as very often it hap­
pens' that there is J it is requisite that the 
Tube; be fill’d as full as possibly it can be, 
that the finger which is to stop it, pressing 
upon the accumulated and protuberant 
Mercury, may rather throw down some, 
then not finde enough exactly to keep out 
the Air. It is also an useful and compen­
dious way not to sill the Tube at first 
quite sal of Mercury,but to leave near the 
top about a quarter of an Inch empty; for 
st you then stop the open end with your 
singer, and invert the Tube that quarter 
of an Inch of Air will ascend in a great 
bubble co the top, and in its passage thss 
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ther, will gather up all the little bubbles, 
and unite them with it self into one great 
one, so that if by reinverting the Tube 
you let that bubble return to the open 
end of it,you will have a much closer Mer­
curial Cylinder then before, and need but 
to addea very little Quick-silver more to 
fill up the Tube exactly. And lastly,as for 
those lesser and inconspicuous parcels of 
Air which cannot this way be gleaned up, 
You may endeavor before you invert the 
Tube, to free the Quick-silver from them 
by shaking the Tube, and gently knock­
ing on the out-fide of it, after every little 
parcel of Quick-silver which you pour in; 
and afterwards, by forcing the small la- 
titant bubbles of Air to disclose them­
selves and break, by imploying a hot Iron 
in such manner as we lately mention'd. I 
remember that by carefully filling the . 
Tube, though yet it were not quite free 
from Air, we have made the Mercurial 
Cylinder reach to 30 Inches and above an 
eighth, and this in a very short Tube: 
which we therefore mention, because we 
have found, by experience, that in shore 
Tubes a little Air is more prejudicial to 
die Experiment then in long ones, where 
the Air having more room to expand ic



selfjdoes less potently press upon the sub­
jacent Mercury.

And since we are fallen upon the consi­
deration of the Altitude of the Mercurial 
Cylinder, I must not conceal from Your 
Lordship an Experiment relating thereun­
to, which perhaps will set both You and 
many of your Friends the Virtuosi a think­
ing ; and, by disclosing some things a- 
bout the Air or Atmosphere that have 
scarce hitherto been taken notice of, may 
afford you some hints conducive to a fur­
ther discovery of the subject of this E- 
pistle.

(129)

X ?X7 E took a Glass Tube, which, Expert- 
* * though it were not much above mint i8i 

three Foot long, we made choice of be­
cause it was of a more then ordinarily 
even thickness. This we fill'd with Mer­
cury, though not with as rauch care as we 
could, yet with somewhat more then is 
wont to be used in making the Torricdlian 
Experiment. Then, having according to 
the manner inverted the Tube,and open'd 
the mouth of it beneath the surface of 
some other Quick-silver,that in the Tube 
fell down to the wonted heigth, leaving,

I 4 as
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as is usual,some little Particleslof Air m 
the space it deferred, as wegheft by ob­
serving, that upon the Application of hoc 
Bodies to the upper part of the Tube,the 
Quick-silver would be a little depress'd. 
Lastly, having put both the Tube and the 
Vessel it lean’d on into a convenient 
Wooden Frame, to keep them from mis­
chances: we plac’d that Frame in a Win­
dow within my Bed-chamber,that 1 might 
both keep the Mercury from being sta r d, 
and have opportunity to watch from time 
to time the Phenomena it was to exhibit. 
For the better discovery of which, when 
the Quick-silver both in the Tube and 
subjacent Vessel was perfectly at reft, we 
took notice, by a mark made on the out­
side of the Glass, how high the included 
Liquor then reach’d.

During several Weeks that the Tube 
was kept in that Window (which was very 
rarely open’d) 1 had the opportunity to 
observe, that the Quick-silver did some­
times faintly imitate the Liquor of a 
Weather-glass subsiding a little in warm, 
and rising a little in cold Weather, which 
we ascribed to the greater or lesser pressure 
of that little Air that remain’d at the top 
of the Tube, expanded or condens'd by
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■the heat or cold that affected the ambient 
Air. But that which I was chiefly careful 
to observe, was this, That oftentimes the 
Quick-silver did rife and fall in the Tube, 
and that very notably,withoutconsorming 
it self to what is usual in Weather-glasses, 
whose Air is at the top, nay quite contrary 
thereunto: for sometimes I observ'd it in 
very cold weathers such as this Winter has 
already afforded us good store of) to fall 
down much lower then at other times, 
when by reason of the absence of both 
Frost,Snow,and sharp Winds,the Air was 
comparatively much warmer. And I fur­
ther observ’d, That sometimes the Quick­
silver would for some days together rest 
almost at the fame height*, and at other 
times again it would in the compass of the 
fame day considerably vary its altitude, 
though there appear’d no change either in 
the Air abroad,or in the temper of the Air 
within the Room (wherein was constantly 
kept a good Five) nor in any thing else,to 
which either I,or some eminently Learned 
Men whom I then acquainted with the 
Experiment, could reasonably impute 
such a change: Especially considering than 
the space wherein the Mercury wandred up 
and down, within about five Weeks, a- 
mounted to full two Inches, of which we

found
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found by bur several marks whereby we 
had taken notice of its several removes,thac 
it haddescededaboutofanlnch from the 
place where it first setled,& the other Inch 
and i it had ascended, And it seems pro ° 
babie that the height of the Mercurial Cy­
linder would have varied yet more, if the 
Experiment had been made in the open 
Air and in a long Tube, where the Parti­
cles of the Imprison’d Air, by having 
more room to display themselves in, 
might not have had so strong a Spring to 
work upon the Quick-silver 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, 
because we would gladly have try’d an in­
genious Experiment which was suggested 
unto us by that excellent Mathematician 
Mr. Wren^who being invited to name any 
thing he would have us try touching the 
pressure of the Air, desired us to observe 
whether or no the Quick-silver in along 
Tube would not a little vary its height ac. 
cording to the Tides,especially about the 
New and Full Moon, about which times 
Mariners observe those great Flowings 
2nd Ebbs of the Sea, that they call the

' Spring-
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Spring-Tides. For he sagaciously and 
plausibly conjectur’d that such observati­
ons accurately made, would discover the 
truth or erroneousness of the Cartesian 
Hypothesis concerning the Ebbing and 
Flowing of the Sea: which Des Cartes 
ascribes to the greater pressure made upon 
the Air by the Moon, and the Intercur­
rent Ethereal Substance at certain times 
(of the Day, and of the Lunary Moneth) 
then at others.. But in regard we found 
the Quick-silver in the Tube to move up 
and down so uncertainly, by reason, as it 
seems, of accidental mutation in the Air; 
I somewhat doubt whether we shall finds 
the Altitude of the Quick-silver to vary 
as regularly as the Experiment is ingeni­
ously propos'd.The success we shall (God 
permitting us to make tryal of it) acquaint 
Your Lordship with; and in the mean 
time take notice, that when we had occa­
sion to take the Tube out of the Frame 
(after it had staid there part of November 
and part of December) a good Fire being 
then in the room, because it was a Snowy 
day, we found the Quick-silver in the 
Tube to be above the upper surface of 
the subjacent Mercury 29 Inches three 
quarters.
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If Your Lordship should noYvask me 

what are the true causes of thiswarying al­
titude of the Mercurial Cylinder-, I should 
not undertake to answer so difficult a que­
stion, and should venter to say no more, 
then that among divers poffi hie causes to 
which it may be ascribed, it would not be, 
perhaps, absurd to reckon these that fol­
low.

First then we may consider, that the Air 
in the upper part of the. Tube is much 
more ratified, and therefore.:more weak 
then the external Air, as may appear by 
this among other things,That upon the in­
clining of the Tube the Quick-filver will 
readily ascend almost to the very top of. 
it, and so take up eight or nine tenth parts, 
find perhaps more of that space which it 
deserted before: which would not happen 
if that whole space had been?full of unra- 
rifiedAir, since that fas tryal may easily 
fatisfie you) would not have suffer'd it 
self to be thrust into so narrow a room by 
so weak a pressure. So that although in 
our Tube when the included Air was 
heated, the Quick-filver was somewhat 
depress'd: Yet there is this difference be­
twixt such a Tube and common VVeather- 
Glaffes, that in these the included and the 

" "" ambient
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ambient Air are in an ^/Equilibrium as to 
pressure, and the weight of the Water 
that keeps them separate is scarce consi­
derable. Whereas in such a Tube as we 
are speaking of, the Air within is very 
much more dilated then that without; and 
his not so much the spring or resistance 
of the included Air, ax the weight of the 
Mercurial Cylinder it self that hinders the 
Quick-silver from ascending higher; for 
if we should suppose that deserted part of 
the Tube perfectly devoid of Air, yet: 
would the (guide-silver rise but a; little 
higher in it. and be far from silling it, in 
regard the outward Air would not be 
able to impel up such a weight much, 
higher: whereas it may, by our former 
Experiments appear, that if all the Air in 
the upper part of a Weather-Glass were 
away,the Water would be impell'dup to 
the very top of it, though the Pipe were 
above thirty Foot long.

We may next consider, that this ra­
tified Air at the upper part of our Tube 
being exactly shut up betwixt the Glass 
and the Quick- silver, it was scarce subject 
to any discernible alterations, save those 
it receiv’d from heat and cold.

And
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And we may further consider that yeC 

the external Air or , Atmosphere is subject 
to many alterations, besides them that 

-proceed from either of those Quali­
ties.

For the Experiment that occasion’d 
this Discourse, seems to make it proba­
ble enough that there may be strange 
Ebbings and Flowings, as it were, in the 
Atmosphere; or at least, that it may ad­
mit great and sudden Mutations, either as 
to its Altitude or its Density,from causes, 
as well unknown to us, as the effects are 
unheeded by us. And that You may not 
think that there is nothing in Nature but 
our Experiment that agrees with this our 
conjecture, we might put Your Lordship 
in minde of the Pains and Aches that are 
often complain’d of by those that have 
had great Wounds or Bruises, and that 
doe presage great Mutations in the Air 
oftentimes, whilst to strong and healthy 
Persons no sign of any such thing appears. 
And that is also very memorable to this 
purpose, which I remember I have some­
where read in a Book of the Ingenious 
Ktrcherus,who giving a pertinent admoni­
tion concerning the various refractions 
that may happen in the Air, relates, That

during
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during his stay in CM alt 4, he often saw 
Mount tÆtna, though the next day, not­
withstanding its being extreamly clear,he 
could not fee it; adding, that Vintemillius, 
a very Learned Person, did oftentimes, 
from a Hill he names, behold the whole 
Island he calls Luprica protuberant above 
the Sea, though at other times, notwith­
standing a clear Sky, he could not fee it. 
And though perhaps this maybe in part a- 
fcribed to the various light & position of 
the fun,or to the various disposition of the 
Spectators eye, or peradventure to some 
other cause yet the most probable cause 
seems to be the differing Density of the 
Air, occasion'd by Exhalations capable to 
increase the refraction, and consequently 
bring Beams to the Eye, which otherwise 
would not fall on it. We have likewise 
in another Treatise mention'd our having 
often observ’d with Telescopes a plenty 
ot Steams in the Air, which without such 
a help would not be taken notice of; and 
which as they were not at all times to be 
seen even through a Telescope, so they 
did sometimes,especially after a shower of 
Rain, hastily disappear: and when we 
have visited those places that abound with 
Mines, we have several times been told

by
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by the Diggers, that even when the Sky 
seem’d clear, there would not seldom sud­
denly arise, and sometimes long continue, 
a certain Steam (which they usually call a 
damp) so gross and thick, that it would 
oftentimes put out their very Candles, if 
they did not seasonably prevent it. And 
I think it will easily be granted, that the 
ascension of such Steams into this or that 
part of the Air, and their mixing with it, 
are very like to thicken it; as on the ci­
ther fide either heat or the sudden conden­
sation of the Air in another part of the At­
mosphere (to mention now no other cau­
ses) are capable of ratifying it.

Nor will it very much import the main 
scope of our Discourse , whether it be 
suppos’d that the copious Steams the 
earth fends into the air, thicken that part 
of the Atmosphere that receives them, 
and make it more heavy: Or that some­
times the Fumes may ascend with such ce­
lerity, that though the Air be thicken’d 
yet they rather diminish then encrease its 
gravitation, in regard that the quickness 
of their ascent, not onely keeps them 
from gravitating themselves, but may 
binder the pressing downwards of many 
Aerial Corpuscles that they meet with in

their
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their way upwards. This, I fay, isos 
no great importance to our present Dis­
course, since either way the Terrestrial 
Steam may here and there considerably 
alter the gravity or pressure of the At­
mosphere.

Your Lordship may also be pleased to 
remember, That by our seventeenth Ex­
periment it appear'd that as when the Air 
in the Receiver was expanded more then 
ordinarily, the Quick-silver in the Tube 
did proportionally subside; so when the 
Air in the fame Receiver was a little more 
then ordinarily compress’d, it did impel! 
up the Quick-silver in the Tube above 
the wonted height os betwixt fix and se­
ven and twenty digits. i -.' 1:' 1

And if to these things we annex, that 
for ought we can finde by tryals purpose­
ly made, the degree of rarity or density 
of the Air,shut up into our Receiver, does 
not sensibly alter its temperature as to 
cold or heat. It will not, I hope, appear 
absurd to concei ve, That since the Air, 
included in the Tube,could but very faint­
ly hinder the ascent of the Quick-silver, 
or press it downwards,since too that inclu­
ded Air could scarce immediately, receive 
any sensible alteration,save either by heat 

K or
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br cold. And since also that according to 
the bare density or rarity of the Air in­
cumbent on the subjacent Quick-silver in 
the'Veilel, that in the T ube was impelled 
mOreor less high; such changes happen­
ing in the neighboring part of the out­
ward Air, either by the ascension of gross 
otJCopious exhalations, or by any other 
cause (of which there may be divers) as 
livefe capable to make considerable altera­
tions in the consistence of the Air, as to 
rarity.and density,'way be able propor- 
ttonably to alter the heighth of the 
Qyick-silver: I rather fay, that such alte­
rations way be, then that they are the 
caufes.of our Phenomenon,because I think 
it sufficient, if I have propos'd conje­
ctures not altogether irrational about a 
new Mystery of Nature, touching which, 
the chief thing I pretend to, is to give oc­
casion to the Curious to inquire further 
into it then I have been yet able to do.

FTtHe fame Reason that mov’d us to 
. conclude, that by the drawing of the 
Air..out of the Receiver, the Mercury 
would descend in a Tube shorter then six 
and twenty digits, induc’d us also to ex­

pect*
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pect, that by the same means Water 
might be brought to subside in Glass 
Tubes of a moderate length, though by 
the noble Experiment, said to have been 
accurately made in France by Monsieur 
Paschal, we are informed that a Tube of 
no less then about two and thirty Foot, 
was found requisite to make the Experi­
ment De Vacuo succeed with Water in­
stead of Quick- silver: so tall a Cylinder 
of that lighter Liquor, being, it seems, 
requisite to equal the weight of a Mercu­
rial Cylinder of six or seven and twenty 
digits, and surmount the pressure of the 
Atmosphere.

We took then a Tube of Glass, Her­
metically seal'd at one end, of about four 
foot in length, and not very slender: This 
at the open end we sill'd with common 
Water, and then stopt that end till we 
had inverted the Tube, and open’d it be- 
r.eath the surface of a quantity of the like 
Water, contain'd in a somewhat deep and 
slender Vestel. This Vestel, with the 
Tube in it, was let down into the Recei­
ver, and the Receiver being clos'd up af­
ter the accustom’d manner, the Pump was 
set awork,

K 2 As
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As much of the event as concerns our 

present purpose, was this, That till a con­
siderable 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 requisite that a great part of the Air 
formerly contain’d in the R eceiver, lhould 
be drawn out, to bring the remaining 
Air to an Equilibrium with so short and 
light a Cylinder of Water. But when 
once the Water began to fall in the Tube, 
then each exsuction of Air made it de­
scend a little lower, though nothing near 
so much as the Quick-silver at the begin­
ning did in the Experiment formerly men­
tion’d. Nor did there appear so much 
inequality in the spaces transmitted by 
the Water in its descent, as there did in 
those observ'd in the fall of the Quick­
silver, of which the cause will scarce seem 
abstruse to him that shall duly reflect up­
on what has been already deliver’d. And 
whereas we drew down the Quick-silver 
in the Tube so far as to bring it within an 
Inch of the surface ot the other Quick­
silver into which it was to fall; the lowest 
we were able to draw down the Water 
was, by our conjecture, to about a foot

or
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or more above the surface of that in the 
Vessel; of which I know not whether it 
will be needful to assign so obvious a cause 
as that, though ,the little Air remaining 
in the Receiver could .not hinder a Cylin* 
der of above an Inch high of Quick-silver 
from subsiding yet it might very well 
be able, by its pressure, to countervail the 
weight of a Cylinder of a Foot long or 
more,of a Liquor, so much less ponderous 
then Quick-silver, -as Water is. And in 
fine, to conclude our Experiment, when 
the Water was drawn down thus low, we 
found, that by letting in the outward Air, 
it might be immediately imped'd up a> 
gain to the higher parts of the Tube.

We will adde no.more concerning this 
Experiment, fave.that having try’d it in 
one of our small Receivers, we observ'd, 
That upon the first exfudfion of the Air 
the Water did usually subfide divers In­
ches, and at the second (exfudfion) fall 
down much lower, subsiding sometimes 
near two Foot as also that upon the let­
ting in of the Air from without, the Wa­
ter was imped'd up with very great ce­
lerity-

K j That



Hat the Air has a notable Hlastlcal
* power (whencesoever that proceeds) 

• we have, 1 suppose,.abundantly evinc'd, 
and it begins to be acknowledg'd by the 
eminentest Modern Naturalists. But whe­
ther or no there be in Water so much as 
a languid one,seems hitherto to have been 
scarce consider’d, nor has been yet, for 
ought I know, determin'd either way by 
any Writer, which invited us to make the 
following Ex penment.

There was taken a great Glass-bubble, 
with a long neck (such as Chymists are 
wont to call a Philosophical Egg) which 
being fill’d with common Water till the 
Liquor reach’d about a span above the 
bubble, and a piece of Paper being there 
pasted on, was put unstop’d into the Re­
ceiver, and then the Air was fuck’d out 
after the wonted manner. The event was 
this, That a considerable part of the Air, 
pent up in the Receiver, was drawn out 
before we discern’d any expansion of the 
Water; but, continuing the labor of 
pumping, the Water manifestly began to 
ascend in the stem of the Glass, and di­
vers bubbles loosening themselves from

the
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the loWtir. pasts of the Vessel, made their 
way. through the Body of the Wateh, to 
the top of it, and there brake into the 
Receiver: And after the Water once ap* 
pear'd to swell,then at each time the Stopr 
cock .was turn’d to let out the air from the 
Receiver into the Pump,the Water in the 
Neck of the Glass did suddenly rise a- 
bout the breadth of a Barly-corn in the 
Neck of the Glass, and so attain’d, by 
degrees, to a considerable height above 
the mark formerly mention’d. And' at 
length (to make the expansion of the Wal­
ter more, evident) the outward Air was 
suddenly let in, and the Water immedi­
ately subsided and deserted all the space it 
had newly gain’d in the Glass. : :1 ■> V 

And, on this occasion, it will not perf 
haps be amiss to acquaint Your Lordship 
here (though we have already mention’d 
it in another. Paper, to another purpose.) 
with another Expedient that we made use 
ot two or three years ago, to try whether 
or no Water had a Spring in it, : About 
that time then, That Great and Learned 
Promoter of Experimental Philosophy 
Dr. Wilkins, doing me the Honor to 
come himself, and bring some of his in­
quisitive Friends to my Lodging, we 
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thebe had in readiness a round and hollow 
Vessel of Pewter, great enough to con­
tain two pounds of Water, and exactly 
close everywhere, but at one little hole 
where it was to be fill’d ; then partly by 
sucking out the Air, and partly by inject­
ing Water with a Syringe, it was (not 
without some difficulty) fill'd up to the 
top; and that hole being plac'd directly 
upwards, there was a little more Water 
leisurely forc’d in by the Syringe. Upon 
which, though the Vessel were permitted 
to reft,and the hole kept in its former po- 
tiure, yet the compress'd Water leisurely 
■swelsd above the Orifice of the hole, and 
divers drops ran over along the fides of the 
Vessel. After this,we caus'd a skilful Pew- 
terer r(who had made the Globe j to close 
it up in our presence with Soder so exqui­
sitely, that none suspected there was any 
thing left in it besides Water. And last­
ly, the Vessel thus soder’dup, was wari­
ly and often ftruck in divers places with a 
Wooden Mallet, and thereby was inani- 
feftly compreiTd* whereby the inclosed 
Water was crouded into less room then it 
had before: And thereupon when we took 
a Needle, and with it and the Mallet per­
forated the Vessel, and drew out the

Needle
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Needle again*, the Water (but in a very 
slender Stream) was suddenly thrown af­
ter it into the Air, to the height of two 
or three Feet. As for the other Ph&nomc* 
na of this Experiment, since they belong 
not to our present purpose, and are partly 
mention’d in another of our Papers, we 
siiall, instead of recording them here, give 
this Advertisement: That as evidently 
as this Experiment, and that made in our 
Receiver, seem to prove a power in the 
Water to expand and restore itdfelf after 
compression; yes for a reason to be met 
with erelong, .1 judged it not safe tom- 
fer that (Conclusion from these Premises, 
till X had made so me. of the following try- 
als, to the mention of which I will there­
fore hasten. onm.. ; f -

.si :si: .,/ (ir.pit v :
• y .vr:- I.'ieovy ' >

"*1^0 discover Whether the Expansion F.xpcrl- 
of the Water:: really proceeded wtnt 21. 

from an Elastical power in the parts of 
the Water it self, we thought it requisite 
to try two thingsiTheone,Whether or no 
the Atmosphere gravitates upon Bodies 
under Water *, and the other, Whether 
in cafe it do gravitate, the Intumescence 
of the Water may not be ascribed to some
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substance subtler then it self, residing In 
it.Li order to the satisfying my- self about 
the'first of these, I intended to letdown 
into the 'Receiver . a; Vessel of - Water , 
wherein stiould be immers’d a very small 
oyl’d gladder, almostfievoidot Air, but 
strongly ty'd up at the Neck with a string, 
and detain'd a little under Water by -such 
a weight fasten'd to that string, as should 
just be, able to keep -the Bladder from 
swimming, and no more. For I suppos'd, 
than if when all things were thus order’d, 
theReiceiver wereempty’d, in cafe there 
were any such pressure of the Atmosphere 
upon Water, as I was inclin’d to believe, 
the Air within the-1 Bladder,being upon the 
ex suction of the ' Aif- within the Receiver, 
freed from that pressure, and being press’d 
onely by the small weight of the in­
cumbent Water, would considerably ex­
pand it self-, but whll’st we-were-prepa­
ring Bladders forthisExperiment, there 
occurr’d an eafie way for the making at 
once both the Discoveries I desir’d.

. Werook then a Glass Viol, containing 
by ghefs-a pound and some ounces of 
Water,/this we fill-drop full, andthen 
we put into the Neck of it a Glass Pipe 
a pretty deal bigger then a Goose Quill, 
-ss.,; open
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open at both ends, and of divers Inches 
in length: One end of this Pipe was so 
put into the Neck of the Viol, as to reach 
a little below it, and then was carefully 
cemented thereto that no Air might get 
into the Viol, nor no Water get out of 
it, otherwise then through the Pipe-, and 
then the Pipe being warily fill’d, about 
half way up to the top, with more Wa­
ter, and a mark being pasted over against 
the upper surface of the Liquor the Viol 
thus fitted with the Pipe, was, by strings 
let down into the Receiver, and according 
to the wonted manner exquisitely clos’d 
up in it.

This done, we began to Pump out the 
Air, and when a pretty quantity of it had 
been drawn away, the Water in the Pipe 
began to rife higher in the Pipe, at the 
fides ot which some little bubbles disco­
ver’d themselves. After a little while 
longer, the Water still swelling, there 
appear'd at the bottom of the Pipe a bub­
ble about the bigness of a small Pea, 
which ascending through the Pipe to the 
top of the Water, staid there awhile and 
then broke • but the Pump being nimbly 
ply’d, the expansion of the Water so en- 
creas’d, that quickly, getting up to the

top
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top of the Pipe some drops of it be­
gan to run down along the out- fide of it, 
which oblig’d us to. forbear pumping a- 
while, and give the Water leave to sub­
side within less then two Inches of the 
bottom of the Pipe. After this the 
Pump being again set at work, the bub­
bles began to ascend from the hot :om 
of the Pipe,being.not all of a size, bat yet 
so big, that estimating, one with another, 
they appear’d to be of the size of the smal­
ler sort of Peas and of these we reckon’d 
about sixty which came up one after ano­
ther,besides store of smaller ones,of which 
we made no reckoning: And at length , 
growing weary of reckoning and pumping 
too (because we found, that in lpight 
of all our pains and industry, fomeun-- 
discern’d Leak or other in the* Recei­
ver hinder’d us from being able to empty 
it altogether) we thought fit.to desist 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 saw, as we expected, that 
the Water in the Pipe in a moment fell 
down-almost to. the bottom of it.

Now
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Now of this Ex periment there are two 

or three Circumstances yet to be men­
tion'd, which are no less then those alrea­
dy recited, pertinent to our present pur­
pose.

In the first place then, when the great­
er part of the Air had been pump’d out of 
the Receiver, the rising bubbles ascend­
ed so very slowly in the Pipe, that their 
Progress was scarce difcernable which 
seem’d to proceed from this, That their 
bigness was such, That they could not 
sufficiently extend themselves in the 
cavity of the Glass, without pressing 
on both hands against the fides of it, 
whereby they became of more difficult 
extrusion to the Water. And though it 
may seem strange these bubbles should 
be of any considerable bulk, since ’tis 
like they consisted of fester parcels of 
the Air lurking in the Water, then those 
that were vigorous enough to make their 
way through long before them : yet they 
were commonly much larger then before, 
some of them being equal in quantity to 
four or five Peas: Whether this their in­
crease of bulk proceeded from the greater 
decrement of the pressure of the Air,

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

Another thing we noted in our bubbles 
was, That whereas in ordinary ones the 
Air, together with the thin film of Water 
that invests and detains, is wont to swell 
above the surface of the Water it swims 
on, and commonly to constitute Hemis­
pherical Bodies with it, the little parcels 
of Air that came up after the Receiver 
was pretty well empty'd, did not make 
protuberant bubbles, but such whose up­
per surface was either level with or be­
neath that of the Water, so that the up­
per surface being usually somewhat con­
vex, the less protuberant parts of it had 
a pretty quantity of Water remaining a- 
bove them.

We also further observ’d, That where­
as in the bubbles that first appear’d in 
the Pipe, the ascending Air did, as in ci­
ther common bubbles, make its way up­
wards, by dividing the Water through 
which it pass’d, in those bubbles that ap­
pear'd at the latter end of our Experi­
ment, when the pressure of the little ex- 

. ternal
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ternal Air, remaining in the Receiver ^ 
was grown inconsiderable, the amending 
parcels ot Air having now little more 
then the weight of the incumbent Wat°r 
to surmount,were able both so to expand 
themselves as to fill up that part ol the 
Pipe which they pervaded, & by pressing 
every way against the fides of it, to life 
upwards with them what Water they 
found above them, without letting any 
considerable quantity glide down along 
the fides of rhe Glass: So that sometimes 
we could fee a bubble thrust on before it 
a whole Cylinder of Water of perhaps 
an Inch high, and carry it up to the top 
of the Pipe; though as we formerly no­
ted, upon the letting in the external Air, 
these tumid bubbles suddenly relaps’d to 
their former inconspicuousness.

All thele things laid together seem’d 
sufficiently to confirm that, which the 
consideration of the thing it self would 
easily enough perfvvade, namely, That 
the Air, and such like Bodies being under 
Water, maybe press'd upon as well by 
the Atmosphere, as by the weight of the 
incum bent Water it self.

Hence likewise we may verifie what we 
observ'd ac die close of the foregoing

Expe-
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Experiment, namely, That from the sole 
swelling of Water there recorded, it can­
not be so safely concluded that Water, 
when freed from compression, is endow' d 
with an Elastical power of expanding it 
self, since thereby it appears that the In­
tumescence produc’d by that Experiment, 
may (at least in great part) be ascrib’d to 
the numerous little bubbles which are 
wont to be produc'd in Water, from 
which the pressure of the Atmosphere is 
in great measure taken off. So apt are we 
to be mis-led,even by Experiments them­
selves, into Mistakes, when either we con­
sider not that most Effects may proceed 
from various Causes,or minde onely those 
Circumstances of our Experiment,which 
seem to comply with our preconceiv'd 
Hypothesis or Conjectures.

And hence it seems also probable, that 
In the Pores or invisible little recesses of 
Water it self there lie commonly inter­
spers’d many parcels of either Air, or at 
least something Analogous thereunto, al­
though so very small that they have not 
been hitherto so much as suspected to 
lurk there. But if it be demanded how it 
appears that there is interspers'd through 
the Body of Water any substance thinner

then



then it self, and why that which produc’d 
the bubbles above mention'd should not 
be resolutely said to be nothing else then 
a more active and spirituous part of the 
Water, we Hr all, in order to the Elucida­
tion of this matter , subjoyn to what 
was formerly deliver'd the following Ex­
periment.

ft 55)

\ /\J E recited in our nineteenth Ex- 
* * periment, how by drawing most Experi-

of the Air out of the Receiver, we made 
the Water subside by degrees in a Glass 
not four Foot long: We ihall now adde, 
that in the like Experiment made in such 
a Tube, or a greater, it may be observ’d,
That when the Water begins to fall,there 
will appear store of bubbles fasten’d all a- 
long to the fides of the Glass of which 
bubbles, by the agitation of the Vessel 
consequent upon pumping, there will arise 
good numbers to the top of the Water, 
and there break and as the Cylinder of 
Water is brought to be lower and lower, 
so the bubbles will appear move numerous 
in that part of the Tube which the Water 
yet fills; and the nearer the surface of the 
Water, in its descent, approaches to these 

L bubbles,
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bubbles, the greater they will grow, be­
cause having the less weight and pressure 
upon them, the Expansion of that Air 
which makes them, can be the less resisted 
by the pressure of the incumbent Water 
and Air; as seems probable from hence, 
that upon the letting in a little external 
Air, those bubbles immediately (brink.

It may indeed, as we lately intimated, 
be conjectur’d, that these bubbles pro­
ceed not so much from any Air pre-exi­
stent in the Water, and lurking in the 
Pores of it, as from the more subtle parts 
of the Water it self; which by the expan­
sion allow’d them upon the diminisir’d 
pressure of the ambient Bodies may gene­
rate such bubbles. And indeed, I am not 
yet so well satisfied that bubbles may not 
(at least sometimes) have such an Origina­
tion : but that which makes me suspect 
that those in our tryals contain'd real Air 
formerly latitantin the Pores of the Wa­
ter, is 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 
stopt in its ascent near an Inch beneath 
the top. And since, if the upper part of 
the Tube had been devoyd of any other
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then such Ethereal matter as was subtle 
enoug-h freely to penetrate the pores of 
the Glass, the external Air would have 
been able to impel the Water to the top 
of a Tube seven or eight times as long as 
ours was; The Fhœnomenon under confi? 
deration seem'd manifestly 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 Glass from re­
ceding, was able to withstand the pressure 
of the outward Air. As we fee that if 
never so little Air remain in the Tube up­
on the making the Experiment DeFacuo 
with Quick-silver, no inclining of the 
Tube, though along one, will enable a 
Man to impel the Mercury up to the very 
top, by reason (as we formerly noted) 
of the resistance of the included Air,which 
will not be compress'd beyond a certain 
degree.
But in order to a further Discovery what 

our bubbles were, we will, on this occa­
sion, inform Your Lordship that we try’d 
the XIXth Experiment in one of our small 
Receivers, and'found,that upon the draw­
ing down of the Water, so many bubbles 
disclos’d themselves and broke into the 

L 2 upper



upper part of the Tube,that having after-?' 
wards let in the external Air, the Water 
was not thereby impell’d to the,top of the 
Tube (three Foot in length) within a lit­
tle more then half an Inch. And whe­
ther or no it were Air that poffefl’d that 
space at the top of the Tube which was 
not fill'd with Water,we took this course 
to examine. We drew the second time 
the Air out of the Receiver, and found, 
that by reason of the body that poslefsd 
the top of the Tube, we were able not 
onely to make the Water in the Tube fall 
to. a level with the surface of the Water 
in the Vessel: But also (by plying the 
Pump a little longer) a great way beneath 
It: which since it could not well be ascrib'd 
to the bare subsiding of the Water by rea­
son of it! own weight.argued that the Wa­
ter was depress'd by the Air: which was 
confirm’d by the Figure of the surface of 
the Water in the Tube, which was much 
more concave then that of Water in 
Tubes of that bigness uses to be. And 
this further try al (to adde that upon 
the by) we made at the fame time, That 
when the Water in the Pipe was drawn 
down almost as low as the Water without 
it, we observ'd, that (though we desisted

(158)
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from pumping) by the bate application 
of a hand moderately warm to the desert­
ed part of the Tube, the remaining Wa­
ter would be speedily and notably de­
press'd. And having for a while held a 
kindled Coal to the outside of the Tube, 
(the Pump being still univnploy’d,because 
the Vessel chanced to hold extraordinarily 
well) the Air was by the heat so far ex­
panded, that it quickly drave the Water 
to the bottom of the Tube, which was 
divers Inches beneath the surface of the 
ambient Water. Whereby itappears(by 
the fame way by which we formerly mea­
sur’d the dilatation of the Air) that the 
Air, even when it is expanded to between 
§>o and too times, its extent will yetrea- 
dily admit of a much further rarifaction 
by heat.

I consider’d also that in cafe the Bub­
bles we have been speaking of, were pro­
duc’d by the parcels of Air latitant in the 
Water, that Air being now got together 
to the top of the Tube, though the Air 
were again drawn out of the Receiver, 
the taking off its pressure would not dis­
close bubbles as before ; and accordingly, 
the Air being again pump'd our, the Wa­
ter in the Tube descended as formerly:

L 3 but
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but for 3 great while we scarce saw one 
bubble appear, onely when the Receiver 
had been very much exhausted, and the 
Water was fallen very low, there appear’d 
near the bottom of the Tube, certain 
little bubbles, which seem'd to consist of 
such parcels of Air as had not, by reason 
of their smalnefs, got up to the top of 
the Water, with the more bulkie and vi­
gorous ones. And that which is not in­
considerable, is, That having, by letting 
in the Air, forc’d up the Water into the 
Tube, we could not perceive that it as­
cended nearer the top, though we per­
mitted the Engine to remain unimploy’d 
for two or thiee Nights together, and 
watch'd whether the Water would swell 
up and £11 the Tube. And on this occa­
sion I remember, that having try’d such an 
Experiment as this with Quick-silver in­
stead of Water, in a Tube of about a Foot 
and a half long, wherein it might seem 
more hopeful to escape bubbles; yet up­
on the drawing down the Quick-silver as 
low as we could, and letting in the exter­
nal Air upon it, we found that Siome lurk­
ing particles of Air were got up to the top 
of the Tube, and hinder’d the Quick­
silver from being forc’d up again so high.
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And though the Quick-silver were by 
this means brought to appear a very close 
and lovely Metalline Cylinder, not inter­
rupted by interspers'd bubbles as before; 
yet having caus'd the Air to be again 
drawn out of the Receiver, I could per­
ceive several little bubbles to disclose 
themselves, fasten’d to the inside of the 
Tube, near the bottom of it $ and having 
purposely watch’d one or two of the chief­
est, I had the pleasure to observe, that 
though they grew bigger and bigger as 
the surface of the Mercurial Cylinder fell 
nearer and nearer to them, so as that at 
length they swell’d into a conspicuous 
bulk; yet upon the wary letting in the 
Air upon them, they did not break, but 
presently shrunk up into a littleness that 
render’d them inconspicuous.

Whence it seems very probable, if not 
certain, that even in the closes! and moss 
ponderous Liquors, and therefore much 
more in Water, there may lurk undifcern- 
able parcels of Air, capable, upon the 
removal of the pressure of the ambient 
Air (though but in part) and that of the 
Liquor wherein it lurks, to produce con­
spicuous bubbles. And consequently, if 
it seem inconvenient to admit an Elaftical 
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power in the Water, it may be said that 
the swelling os' the compress'd Water in 
the Pewter Vdlel lately mention d, and 
the springing up of the Water at the hole 
made by the N eedle, were not the effects 
of any internal Elater of the Water, but 
of the spring of the many little particles 
of Air dispers'd through that Water, and 
acting upon it in their sudden recovering 
themselves to a greater extent, then that 
to which a violent compression had re­
duc'd them.

(162)

But though, from all these particulars, 
it seems manifest that the bubbles we have 
been all this while treating of, were pro* 
duc’dbysuch a substance as may be pro­
perly enough call’d Air; yet till we shall 
have had the opportunity of making 
some further try al s concerning the nature 
of the Air, we shall not resolutely deter­
mine whether or no Air be a Primogenial 
Body sis I may so speak) that cannot 
now be generated or turn’d cither into 
Water or any other Body. Yet in the 
mean while (because it is an important 
Question, and if rightly determin'd, may 
much conduce to the knowledge of the

nature



nature of the Air) We think it not unfit 
to make a brief mention of some of the 
particulars which at present occur to our 
thoughts in favor of either part of the 
Question.

First- then, divers Naturalists esteem the 
Air (as well as other Elements) to be in* 
generable and incorruptible. And reasons 
plausible enough may be drawn to coun­
tenance this Opinion from the considera­
tion of that permanency that ought to 
belong to the corporeal Principles of ra­
ther Bodies.

Next, Experience may be pleaded to 
the fame purpose, for I have read of some 
who have in vain attempted to turn Air 
into Water, or Water into Air.

The diligent Scbottm tells us, That a- %cchm 
mongst the other rarities to be met with hydraulics 
in that great Repository of them, the' 
Mufœttm Kercherianum, there is a round ciaiiVi. 
Glass with a tapering Neck near half full 
(as one may guess by the Scheme he an­
nexes) of ordinary Spring-water, which 
having been Hermetically (hut up there 
by cUvitts the famous Geometrician,
The included water is to this day pre­
serv’d, not onely clear and pure, as if 
it were but newly put urBut (as it seems)

without
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without' (in the least) turning into Air, 
notwithstanding its having been kept 
there these fifty years: For he tells us. 
That the Water hath continued there all 
this while without any diminution.

Nor does it appear in those Glasses, 
which for Chymical Experiments we usu­
ally close with Bermcs his Seal fas they 
call it) that the included Air does, during 
its long Imprisonment, notwithstanding 
the alteration it receives from various de­
grees of heat, difcernably alter its, nature. 
Whereas we plainly perceive in our Dige­
stions and Distillations, that though it 
may be ratified into invisible Vapors, yet 
it is not really chang’d into Air, but onely 
divided by heat, and scatter’d into very 
minute parts, which meeting together in 
the Alembick or in the Receiver, do pre­
sently return into such Water as they con­
stituted before. And we also fee, that 
ev’n Spirit of Wine, and other subtle and 
fugitive Spirits, though they easily fly in­
to the Air, and mingle with it, do yet in 
the Glasses of Chymists easily lay aside 
the disguise of Air, and resume the deve­
sted form of Liquors. And so volatile 
Salts,as of Urine,Harts-horn, ^. though 
they will readily disperse themselves

through
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through the Air, and play up and down in 
the capacity of an Alembick ora Recei­
ver : yet will they, after a while, fatten 
themselves to the insides of such Glattes 
in the form of Salts.

Besides, since Air is confessedly en­
dow'd with an Elaftical power that proba­
bly proceeds from its Texture, it appears 
not what it is that in such light alterations 
of Water, as are by many presum'd ca­
pable of turning it into Air, can be rea­
sonably suppos'd so to contrive the Parti­
cles of Water, as to give them, and that 
permanently, the structure requisite to a 
Spring. I adde the word, Permanently, 
because the newly mention’d observations 
seem to argue the Corpuscles of Air to 
be irreducible into Water, whereas the 
Aqueous Particles may perhaps for a 
while be so vehemently agitated, as to 
press almost like Springs upon other Bo­
dies ; yet upon the ceasing of the agitati­
on, they quickly, by relapsing into Wa­
ter, disclose themselves to have been no­
thing else whil'ftthey counterfeited the 
Air.

Easily, The Experiment formerly made 
in our Engine with a piece of Match, 
seems to evince, that even those light and

subtle
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subtle Fumes (for the most part not aque­
ous neither) into which the Fire it self 
shatters dry Bodies, have no such Spring 
in them as the Air, since they were unable 
to hinder or repress the expansion of the 
Air included in the Bladder they surroun­
ded.

I remember indeed that the Learned 
oftbein-' fofephus Acosta, in his History of the 
ei/ej,Lib.3. West Indies, tells us, That he saw in those 
C-i>- parts some Grates of Iron so rusted and 

confirm'd by the Air, that the Metal be­
ing press'd between the Fingers, dissolv’d 
(to use his words) to powder, as if it had 
been Hay or parched Straw. And I re- 

nirai.ub.' member too, that the accurate Vareniu* 
i.e. i9. tells us, That in the Islands commonly 

called Azores, the Air (and Wind) is so 
sharp, that in a short time it frets not only 
Iron Plates, but the very Tiles upon the 
Roofs of Houses, and reduces them to 
oust. And I have elsewhere mention'd 
some recent Observations of this Linde. 
But it may be said, That the above-men­
tion'd Authors ascribe the recited effects 
chiefly to the Winds, and that however 
the corrosion of the Iron and the Tiles 
may proceed not from the Air it self, or 
any of its genuine parts, but from some

saline
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saline Corpuscles dispers'd through the 
Air, and driven by the Winds against the 
Bodies it is presum'd to fret. And that 
such volatile Salts may copiously ascend 
into the Air, and yet retain their Nature, 
as doth the more sixt Salt in the Sea Wa­
ter, the sublimations of Sal- Armoniack 
may sufficiently evince. Not to mention 
that I have shown some Friends a secret 
kinde of saline Substance incomparably 
subtler then Sal-Armofliack, which did 
not onely easily enough ascend it self, but 
carried up with it (and that in a very great 
proportion) the solid and ponderous Bo­
dy ev’n of uncalcin'd Gold in the form of 
subtle exhalations, which did afterwards 
fasten themselves to the upper parts of 
the Vessels, and yet manifest themselves 
to continue Gold. We remember also, 
that to try whether Water could be turn'd 
into Air, we once took an tAEohpile, into 
which we had before convey’d some Wa­
ter, and placing it upon kindled Coals 
when the heat forc'd out a vehement 
stream of aqueous Vapors; we ty'd about 
the neck of it, that of a Bladder, which 
we had before empty'd of Air -, and find­
ing the zÆoliple after a while to blow up 
the Bladder, we carefully ty’d it again
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that the included substance might hot get 
away. Then flipping it off from the Jko- 
lifiU we convey’d it into our Receiver, to 
try whether or no that which in part di­
stended the Bladder would appear by its 
Spring to be true Air: whereby we found 
that upon the exsuction of the ambient 
Air, the included substance expanded it 
self and the Bladder to a .very much great­
er bulk then it was of before. And for 
further satisfaction, having again taken 
out the Bladder, we suffer'd it to remain 
ty'd up till next morning, to try whether 
time,and the coldness of the night, would 
make the contain'd substance relapse in­
to Water: But the next Morning we 
found it little less tumid then before. I 
remember, Isay, that I once made this 
Experiment; but I might fay in answer 
to it, that the chief reason of my men­
tioning it, is, To let Your Lordship see 
how requisite it is to be circumspect and 
considerate, when we are to make and to 
build upon nice Experiments.For though 
I may seem to have used sufficient cauti­
on, yet afterward considering with my 
self that the tÆolipile I had imploy'd was 
a very 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 tÆolipile, I easily suspected 
that the distension of the Bladder in our 
pneumatical Vessel, might proceed not 
from the Watery steams that came out at 
the narrow mouth of the and
had very much wetted the Bladder, but 
from the ratified Air which in that sort of 
Veslels is wont for a good while together 
to come out with the ratified Water: and 
accordingly having reiterated die Experi­
ment I found it very difficult (by rea­
son of the shrinking of the Bladders (up­
on their being heated) and of other impe­
diments ) to make it so accurately as to de­
duce from it, that Water may be ratified 
into true Air.

Against the four other above-mention’d 
Considerations, we cannot spend time to 
frame Objections, but must forth with 
proceed to the mention of those things 
that seem to argue that Air (at least such 
as produc’d our bubbles) maybe gene­
rated of Water and other Bodies.

First then we have found by Experi­
ence that a vapid Air, or Water ratified 
into vapor, may at least for a while emu­
late the classical power of that which is 
generally acknowledg’d to be true Air.

For
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Tor if you take a good lÆolipile, with i 
moderately strong and slender Neck, and 
filling it with Water, lay it upon quick 
Coals, you may after a while observe so 
great a presliire by some of the parts con - 
rain'd in the oÆolipile upon others, that 
the Water will sometimes be thrown up 
into the Air above three or four Foot 
high and if you then take the zÆokpile 
almost red hot from off the Fire, you may 
perceive that the Water will for a longer 
time then one would easily imagine con­
tinue to be spouted out in a violent 
Stream. And if there remains but little 
Water in the zÆclipik when tis taken ve­
ry hot from the Fire, immersing the 
Neck of it into cold Water, you will 
finde, that after it begins to fuck in some 
Water, there will be made horn time to 
time store of large bubbles in that Water 
whereinto the neck was plunged- Which 
bubbles seem manifestly to proceed from 
hence, that for a while the heat in the *.Æ- 
olipile continues strong enough to rarifie 
part of the Water that is fuck’d in, and 
expel it in the form of Vapors through 
the Water incumbent on the Pipe- If al - 
so when the ^Æolipile is almost full of wa­
ter, and therefore can contain but little

Air j



fi?0
Air-, you hold a Coal or Brand in that 
stream of Vapors that issues out of the 
narrow mouth of it, you willfinde this 
vapid or rorid Air, sis I may so call it) 
to blow the Fire very strongly and with a 
roaring noise. And that it be not said 
that As. by the external Air which the a- 
queous steams drive before them, and 
not by the Steams themselves, that the 
Blast is made and the Flame excited •, it: 
has been observ’d, that by approaching 
the Coal or Brand almost to the mouth 
of the nÆoliptle, the winde appear’d more 
vehement then if the Body to be kindled 
were held some Inches oft'.

But in regard the elastical power of the 
Stream, 1st tung out of an -Æohple, seems 
manifestly due to the heat that expands 
and agitates the aqueous Particles where­
of that Stream consists, and that such 
rapid winds seem to be but water scatter’d 
into little parts and let a moving; since 
we finde, that holding a Knife, or any 
solid, smooth and close Body against the 
stream that issues out of the Æohpile, the 
vapors condenling upon it, will presently 
cover it with water: It will be very per­
tinent to subjoyn a notable Experiment 
that I. remember I have met within the 
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description given us by the Industrious 
Kircher, of several Musical Engines. And 
(though it may seem somewhat prolix) 
we will recite what he delivers in his own 
words, which ave these.

Kytcb-.An: ccdem tempore quo bac fcripsi
Mag: Cm: r . C I . J n
dr- Diffon: fummt Pont: Jnnocentu Xil!: mandat 0 or- 
lib. 9. gani hydraulic: in horto fipuirinah confii- 

tuendi curamibi commendata eff'et^Æoliam 
earner am infigni fane succcfju confirm jufsi- 
mus, ed quafequitur ratione.

Er at longitudo five altitude camera A H 
5 Pedum, Latitudine 3 fere ex latenbus 
con struct a; in medio duotenebat Diaphrag- 
mata CD cr EJ in modum cribu pluri- 
btis for ami nib &s pertufa. Paulo infra ca- 
r.alis G aquam advebens inferebatur in H 
adem (pifi ora mm parabat exitum. dAqua 
itdqueper canaiem G maximo tmpetu mens 
•vehementifsimum ventum moxintus exci- 
tabat; qui vent us nimia bumiditate imbn- 
tm^ ut puricr exiret fictions^ Diaphrag- 
mata ilia in cribri modum pertufa, ordinata 
sunt. Intrahac enim aqua vebemens agi- 
tatio rupta frail as acrem puriorem per A 
canaiem [ubttlioremque ernittebat: Verum 
cumpofiea inventu fit acre plus aqtio burns - 
die tntcrioribus Organs meatibus rnaximu 
detrimntum inf erre : Bine ut aer aquofus

ficfifsi*
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sic cifs imam cofisentiam acquireret^ordina-' 
vimus canalem plumbeum QJl in helieem 
contortion vast S aliquantulum capaciori in 
modurn Urn& cformat o, insertion. Intro, 
urnom enirn plumbeam & canalem tortuo- 
fum illifus aer humidus, it a ab omni aquos- 
tate defœcabatur, ut ex fur no in Orgartum 
denvatus did potuerit. Urno S canalis 
tortuofus Q^R ultimnm orificium Q^inse- 
ritur ancmothecœ organic Et bunc modum 
organic hjdraultcis omnin aptifsimn report.

Debet aittem camera ilia fituari in loco 
quantum fieri pot es ficciori it a ut longo ca- 
nali aqua intra earn derivesur ne locus hu- 
miditate fua Organis ofsciat,

Thus far the Ingenious Kircberus^whotn 
I the rather cite, because although I have 
been informed of divers Ventiducts fas 
they call them) by very knowing Tra­
vellers that have observ’d them: Yet this 
relation of our Author being very pun­
ctual, and deliver’d upon his own particu­
lar Experience, has, I confess, made me 
wish I had had the good fortune when I 
was at Rome, to take notice of theie Or­
gans ; or that I had now the opportunity 
of examining of such an Experiment. 
For if upon a strict inquiry I should find 
that the breath that blows the Organs 
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does not really, upon the ceasing of its un­
usual.agitators by little and little relapse 
into wares) I should strongly fusped that 
’tis possible for Water to be easily turn’d 
into Air,. I remember indeed, that we 
have formerly taught that there lurks an 
interspersed Air;in the pores Of ordinary 
Water,- which,may possibly be struck out 
by the-'breaking ot the Water in its fall 
into the Æolian Chamber, (as-he calls it.) 
.But in regard the Scheme seems toreprv- 
f’ent that .Chamber as closely ihut, and 
thereby forbids us to suppose that any Air 
is carried into it but what is latitant in the 
Water, it will scarce seem, probable to 
him who remembers how small a propor­
tion ot , Air, that appear’d to be when its 
ratification leafed, which was conceal’d in 
the Water we ■ freed from bubbles in our 
Receiver, that so little Air as is common- 
ly.dispers'd through Water,; ihould be a- 
bie,;- info lit tie Whiter as was requisite for 
so,small a room, to make so-vehement a 
Wind as our Author here tells us of. I 
have sometime therefore suspected, that 
in this cafe the Wind may be produc’d by 
small particles ot the water it self, forci­
bly expell’d out of the Chamber into the 
Organs. And to the Objection to which

1 fore-
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Ifdrefavv this ghefs to be liable, namely',1 
That, no heat intervening,there appear'd 
nothing that should raise the Water into 
exhalations and give them an impulse. I 
thought it might be said that motion 
lonej it vehement enough, may, with­
out sensible heat, suffice to break Water 
into very minute parts,and make them as­
cend upwards, if they can no where else 
more easily continue their agitation. Foil 
I remember, that Travelling betwixt 
ons and Geneva, I saw, not very far out of 
the Way , a place where the River ok 
Rhone coming suddenly to be {heighten'd 
betwixt twb Rocks, so near each other; 
that a Man may (if my Memory fail'me 
not) stand astride upon both at once : that 
rapid Stream dashing with great impetuo­
sity against its Rocky Boundaries, does 
break part of its Water into such minute 
Corpuscles, and put them into such a mo­
tion, that Passengers observe at a good di­
stance off, as it were a Mist arising from’ 
that place, and ascending a good way up 
into the Air. Such, I fay, was my sus­
picion touching the Wind we have been' 
considering, but it seems something oddO 
that aqueous Vapors should, like a dry 
Wind, pass through so long and tortu- 
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bus a Pipe of Lead, as that describ’d by 
our Author, since we fee in the Heads of 
Stills, and the Necks of vÆolipiles, how 
quickly such vapors are even by a very lit- 
tie cold recondenfed into Water. But 
to this also something may be speciously 
reply’d; wherefore contenting my self to 
have mention'd our Authors Experiment 
as a plausible, though hot demonstrative 
proof, that Water may be transmuted in­
to Air. We will pass on to mention in 
the third place another Experiment,which 
We try’d in order to the fame enquiry.

We took a clear Glass bubble (capable 
of containing by ghefs about three Oun­
ces of Water) with a Neck somewhat 
long and wide, of a Cylindrical form; 
this we fill’d with Oyl of Vitriol and fair 
water, of each almost a like quantity,and 
casting in half a dozen small Iron Nails, 
we Itopt the mouth of the Glass (which 
was top-full of Liquor) with a flat piece 
of Diapalm provided for the purpose, 
that accommodating it self to the surface 
of the water, the Air might be exqui­
sitely excluded: and speedily inverting 
the Viol, we put the Neck of it into a 
small wide-mouth'd Glass that flood rea­
dy with more of the fame Liquor in it, to

re-
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receive it. As soon as the neck had reach’d 
the bottom of the Liquor it was dipp’d 
into, there appear’d ac the upper part 
(which was before the bottom) of the 
Viol a bubble, of about the bigness of 
a Pea, which seem’d rather to consist of 
small and recent bubbles, produc’d by the 
action of the dissolving Liquor upon the 
Iron, then any parcel of the external Air 
that might be suspected to have got in 
upon the inversion of the Glass, especi­
ally since we gave time to those little 
Particles of Air which were carried down 
with the Nails into the Liquor to fly up 
again. But whence this first bubble was 
produced, is not so material to our Expe­
riment, in regard it was so small: For 
soon after we perceiv’d the bubbles 
produced by the action of the CMcn- 
(Iruum, upon the Metal ascending co­
piously to the bubble already named, and 
breaking into it, did soon exceedingly in­
crease it, and by degrees depress the wa­
ter lower and lower, till at length the sub­
stance contain’d in these bubbles possessed 
the whole cavity of the Glass Viol, and 
almost of its Neck too, reaching much 
lower in the Neck then the surface of the 
ambient Liquor, wherewith the open- 
mouth'd Glass was by this means almost 
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replenished. And because it might be 
suspected that the depression of the Li­
quor might proceed from the agitation 
whereinto the exhaling and imprison'd 
steams were put, by that heat which is 
wont to result from that action of corro­
sive salts upon Metals, we suffered both 
the Viol and the open-mouthed Glass to 
remain as they were, in a Window, for 
three or four days and nights together,but 
looking upon them several times during 
that while, as well as at the expiration of 
it, the whole cavity of the Glass bubble, 
and most of its Neck, seem'd ' to be pos­
sess'd by Air, since by its spring it was a- 
ble for so long to hinder the expel-l’d and 
ambient Liquor from regaining its former 
place. And it was remarkable, that just 
before we took the Glass bubble out of 
the other Glass, upon the application 
of a warm hand to the convex part of the 
bubble; the Imprison d substance readily 
dilated it self like Air, and broke through 
the Liquor in divers bubbles, succeeding 
one another.

Having also another time try'd the like 
Experiment with a small Viol, and with 
Nails dissolv’d in Aquafortis, we found 
nothing incongruous to what we have 
now deliver'd. And this Circumstance

we
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we observ’d , that the newly generated 
steams did not onely posiefs almost all the 
whole cavity of the Glass, but divers 
times without the assistance ot the heat of 
my hand, broke away in large bubbles 
through the ambient Liquor into the o- 
pen Air: So that these Experiments 
with corrosive Liquors, seem'd manifest­
ly enough to prove, though not that Air 
may be generated out of the Water, yet 
that in general air may be generated anew.

Lastly, to the foregoing Arguments 
from Experience we might easily fubjoyn 
the Authority of An (I ot le, and of (his 
followers) the Schools whoate known to 
have taught, that Air and Water being 
Symbolizing Elements (in the quality of 
moisture) are easily tranfmutable into one 
another. But we shall rather to the fore­
going Argument adde this, drawn from 
Reason, That if, as Leucippus, Democri­
tus, Epicurus and others, follow’d by 
divers modern Naturalists, have taught, 
the difference of Bodies proceeds buc 
from the various Magnitudes, Figures, 
Motions, and Textures of the small 
parts they consist of, (all the quali­
ties that make them differ, being de- 
ducible from thence) there appeares

no
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no reason why the minute parts of Wa: 
ter, and other Bodies, may not be so agi­
tated or connected as to deserve the name 
of Air. For if we allow the Cartesian 
Hypothesis, according to which, as we'no­
ted at the beginning of this Letter, the 
Air may consist of any terrene or aqueous 
Corpuscles, provided they be kept swim­
ming in the interfluent Celestial Matter; 
it is obvious that Air may be as often ge­
nerated, as Terrestrial Particles minute 
enough to be carried up and down, by the 
Celestial Matter ascend into the Atmo­
sphere. And if we will have the Air to 
be a congeries of little slender Springs, it 
seems not impossible, though it be diffi­
cult, that the small parts of divers Bo­
dies may by a lucky concourse of causes 
be so connected as to constitute such 
little Springs,since (as we note in another 
Treatise) Water in the Plants it nourishes 
is usually contriv’d into Springy Bodies, 
and even the bare alter'd position and con­
nexion of the parts of a Body may suf­
fice to give it a Spring that it had not be­
fore, as may be seen in a thin and flexible 
Plate of Silver; unto which, by some 
stroaks 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.

ifThefe, My Lord, are some of the 
Considerations at present occurring to 
my thoughts, by which it may be made 
probable that Air may be generated a- 
new. And though it be not impossible 
to propose Objections against these, as 
well as against what has been represented 
in favor of the contrary Doctrine yet 
having already almost tyr'd my self, and 
I fear more then almost tyr’d Your Lord- 
ship with so troublesome an Enquiry af­
ter the Nature of bubbles, I shall wil­
lingly leave Your Lordship to judge of 
the Arguments alledged on either side, 
and I should scarce have ventur’d to enter­
tain You so long concerning such empty 
things as the Bubbles, which have occa­
sion’d all this Discourse, but that I am 
willing to invite You to take notice with 
me of the obscurity of things, or the dim­
ness of our created Intellects (which yet 
of late too many so far presume upon, as 
either to Deny or Censure the Almighty 
and Omniscient Creator himself) and to 
learn hence this Lesion, That there are 
very many Things in Nature that we dis­
dainfully over-look as obvious or despi­
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cable, each of which would exercise our 
Understandings, if not pose them too, if 
we would but attentively enough consider 
it, and not superficially contemplate,.but 
attempt satisfactorily to ex plicate the na­
ture of it.

Expert- C Ince the writing of the twenty one and 
mmt 23. O twenty second Experiments (and not­

withstanding all that hath been on their 
occasion deliver'd concerning bubbles) we 
made some further tryals in prosecution 
of the fame inquiry whereto they were 
designed, .j • . .................

We chose then, amongst those Glasses 
which Chymists are wont to call Philoso­
phical Eggs, one that containing about 
nine Ounces of Water, had a Neck of 
half an Inch in Diameter at the top, and 
as we gheft, almost an Inch at the bot­
tom-, which breadth we pitch’d upon for 
a reason that will by and by appear: then 

it with common Water to the 
of about a Foot and a hal£ so 

that the upper part remain’d empty, we 
shut it into the Receiver,and watch'd what 
would follow upon pumping, which pro- ,
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ved ttibt a great part of the Air being 
drawn out, the bubbles began to discover 
■thfefrisel ves at the bottom and fides of the 
Glass • and increasing, as the Air was 
more and more drawn away'/: they did 
from tune to •time ascend copiously e- 
nough to the top of the Water, and there 
quickly break: but by reason that the 
wideness of the Glass allow’d, them free 
passage through the Water, they did nor 
appear as in the former Experiments to 
make it swell: The Water scarce ever ri­
sing at all above the mark affixt to its up­
per surface when it war put in, and upon 
tlie return permitted to the outward Airy 
arid consequently the shrinking in of the 
remaining bubbles, the Water seem’d to. 
have loft of its first extent, by the avo- 
lation of theformerly interspers'd Air.

Being willing likewise to try whether 
distasted Whiter were by having been di­
vided into minute parts, and then re- uni­
ted, more or less dispos’d to expand it 
self then Water not diftill’d : We took 
out of our Laboratory some careful­
ly diftill'd Rain-water, and put about 
two Ounces’ of it into a round Glass

bubble,
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bubble with a very small Neck (not ex- 
ceeding the sixth part of an Inch in Dia­
meter) which we fill'd half way to the 
top, and then convey'd it into the Recei­
ver ; the issue was, That though we drew 
out more then ordinary, yet there ap­
pear'd not the least intumescence of the 
Water, nor ally ascending bubbles.

But suspecting that either the small 
quantity of the water or the Figure of the 
Vessel might have an interest in this odde 
Th&nomenonjNt took the lately mention'd 
Philosophical 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 put a 
long Cylinder or Rod of solid Glass to 
streighten the cavity of the Neck by al­
most filling it up; and then pouring some 
distilled Water into that also, till it 
reach'd within some Fingers breadth of 
the top, the Eggs were let down into the 
Receiver. In this Experiment the Air 
was so far drawn forth before there ap­
pear’d any bubble in either of the Glasses, 
that the disparity betwixt this and com­
mon water was manifest enough. But at 
length, when the Air was almost quite 
pump’d out, the bubbles began to dis­

close
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close themselves, and to increase as the 
prefliue of the Air in the Receiver de­
creas'd. But whereas in the first men­
tion'd Philolophical Egge the buobies 
were very small, and never able to swell 
the Water, that we took notice of, at all 
above the mark : In the other, whose 
Neck, as we lately said, was straightned, 
and their passage obstructed, great num­
bers of them, and bigger, fastned them­
selves to the lower end of the Glass ram­
mer (if we may so call it) and gather’d in 
such numbers between that and the fides 
of the Neck, that the Water swell da- 
bout a Fingers breadth above the mark, 
though upon the admitting of the exter­
nal Air it relaps'd to the former mark, or 
rather fell somewhat below it. And al­
though thereupon in the first nam’d Ves­
sel all the bubbles presently disappear’d, 
yet in the other we observ’d, that divers 
remained fastned to the lower part of the 
Glass rammer, and continued there some­
what to our wonder, for above an hour 
after, but contracted in their Dimen­
sions.

Moreover, having suffered the Glasses 
to remain above twenty four hours in the

Receiver,
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Receiver, we.afterwards repeated the Ex­
periment, to try what change the ex sucti­
on of the external Air would produce in 
the Water, after the internal and latitant 
Air had (as is above recited) in great mea­
sure getaway in bubbles, and whether or 
no the Water would by standing re-admit 
any new particles ot Air in the room of 
those that had forsaken it. But though 
we exhausted the Receiver very diligent­
ly, yet we scarce saw a bubble in either 
of the Glasses; notwithstanding which) 
we perceiv'd the Water to rife about the 
breadth of a Early-corn, or more, in the 
Neck of that Glass wherein the solid Cy­
linder had been put; The Liquor in the 
other Glass not sensibly swelling.

And lastly, upon the letting in of the 
Air, the Water in the ftraightned Neck 
soon subsided to the mark above which 
it had swollen, which whether it ought 
to be ascrib’d to the same small expansion 
of the parts of the Water it self, or to 
the rarifaction of some yet latitant Air 
broken into such small particles, as to e- 
fcape our observation, seems not easily 
determinable, without such furthei tryals, 
as would perhaps prove tedious to be re­
cited as well as to be made, though I was

con-
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content to set down those already men­
tion’d, that it might appear how requi­
site it is in nice Experiments to consider 
variety of Circumstances.

A Eter having thus discover’d what ope- 
* *■ ration the exfuction of the ambientEx¥m 
Air had upon Whiter, we thought goodWf”*2 
to try also what changes would happen in 
other Liquors upon the like taking off the 
pressure of the external Air. We took 
then a Glass Egge, somewhat bigger then 
a T urkey Egge, which had a long Neck 
or Stem of about a ~ part of an Inch in 
Diameter; and silling it up with Sallee 
Oyl until it reach’d above half way to the 
top of the Neck, we inclos'd it in the Re­
ceiver together with common Water in 
a resembling Vessel, that we might the 
better compare together the operation of 
the exsuction of the Air upon those two 
Liquors.The Pump being set awork there 
began to appear bubbles in the Oyl much 
sooner then in the Water, and afterwards 
they also ascended much more copiously 
in the former Liquor then the latter: Nay, 
and when by having quite tired the Pum­
per, and almost our own patience, we 
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gave over, the bubbles rife almost sis 
not altogether) in as great numbers 
as ever, insomuch as none of the various 
Liquors we tryed either before or since, 
seem’d to abound more with Aerial Parti­
cles then did this Oyl. In which it was 
further remarkable, that between the time 
it was set into the Receiver, and that at 
which we could get ready to Pump,it sub­
sided notably (by ghess . about half an 
Inch) below the mark it reach'd before it 
was put in.

After this expreffd Oyl,we made tryal 
of .a distill a one, and for that purpose 
made choice of the common Oyl or Spi­
rit (for in the Shops where it is fold, the 
fame Liquor is promiscuously call'd by ei­
ther name) of Turpentine, because 'twas 
onely of that ChymicalOyl, we had a 
sufficient quantity : which, being put in­
to a small Glass bubble with a slender 
Neck, so as to fill it co about two Inches 
from the top, did, upon the evacuating 
of the Receiver, present us with great 
(tore of bubbles; molt of. which riling 
from the bottom, expanded themselves 
exceedingly in their ascent, and made the 
Liquor in the Neck to swell so much by 
degrees, that at length it divers times ran

over



over at the top : by which means, We 
were hindred from being able to discern 
upon the letting in of the Air, how much 
the subsidence of the Oyl below the first 
mark was due to the recess of the bub­
bles.

Having likewise a min de to try whe­
ther as strong a solution of Salt of Tartar 
in fair Water as could be made (we ha­
ving then no Oyl of Tartar fer ddiqtti- 
um at hand) though it be accounted , 
Quick-silver excepted , the heaviest of 
Liquors would afford us any bubbles; we 
put in a Glass Egge full of it at the fame 
time, with other Liquors, and found that 
they did long yield store of bubbles be­
fore any discovered themselves in the 
Liquor of Tartar-, and having pursued 
the Experiment, it appear'd, That of all 
the Liquors we madetryal of, this afford­
ed the fewest and the smallest Bubbles.

Spirit of Vmager being try'd after the 
fame manner, exhibited a moderate num­
ber of bubbles, but scarce any thing else 
worth the mentioning.

Nor could we in red Wine, try'd in. a 
Glass Egge, take notice of any thing ve­
ry observable. For though upon the ex- 
suction of the Air the bubbles ascended 
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in this Liquor, as it were in (holes, 
and shifted places among themselves in 
their ascent yet the Intumescence of the 
whole bulk of the Liquor was scarce at all 
sensible , the bubbles most commonly 
breaking very soon after their arrival ac 
the top, where during their Kay, they 
compos’d a kinde of shallow froth, which 
alone appear’d higher in the Neck of the 
Glass, then was the Wine when it was 
first let down. Neither yet did Milk,con­
vey'd into our Pneumatical Vestel, pre­
sent us with any thing memorable, save 
that fas it seem’d by reason of some un- 
ctuoufnefs of the Liquor) the bubbles 
not easily breaking at the top, and thrust ­
ing up one another made the intumescence 
appear much greater then that of common 
Water.

We likewise convey’d Hens Eggs into 
the Receiver, but, after the exfuction of 
the Air,took them out whole again. Thar. 
which invited us to put them in,was, That 
(as perhaps we mention in other Papers) 
we had among other Experiments of 
cold, made Eggs burst, by freezing them 
within doors with Snow and Salt: The 
Ice, into which the aqueous parts of the 
Egge were turned by the cold, so. distend­

ing
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ing (probably by reason of the numerous 
bubbles wont to be observable in Ice) the 
outward parts of the Egge, that it usually 
crack’d the (hell, though the inner Mem­
brane that involv’d the several Liquors 
of the Egge, because it would stretch 
and yield,remain'd unbroken. And here­
upon we imagin’d that in our Engine it 
might appear whether or no there were 
any considerable Spring, either in any of 
the Liquors, or in any other more spiri­
tuous substance included in the Egge.

We took also some Spirit of Urine, 
carelesiy enough destegmed, and put it in­
to the same Glass s first carefully fcowr’d 
and cleans’d) wherein we had put the Oyl- 
olive above mention'd: We took also an - 
other Glass, differing from a Glass Egge, 
onely in that its bottom was flat,and fill’d 
it up to about^ of the Neck (which was 
wider then that of the Egge) with rectifi­
ed Spirit of Wine.

We took also another Glass Egge, and 
having fill’d it with common Water till it 
reach’d to the middle of the Neck, we 
pour'd to it of the fame Spirit of Wine, 
till it reach'd about an Inch higher.

These three Glasses having marks set 
on them, over against the edges of the 
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contain’d Liquors were put into the Re­
ceiver, and that beginning to be evacua­
ted, the bubbles in all the three Liquors 
began to appear. The mixture ot the 
Spirit of Wine and Water disclos’d a 
great store of bubbles, especially towards 
the top ; but scarce afforded us any thing 
worth remem bring. The Spirit of Urine 
appear’d to swell near an Inch and an half 
above the mark and bestdes that, sent 
forth store of bubbles, which made a 
kinde of froth at the upper part of it. And 
above that spume there appear 'd eight or 
ten great bubbles one above another, in a 
very decent order, each of them constitu­
ting, as it were, aCylinder of about half 
an Inch high, and as broad as the internal 
cavity of the Neck: So that all the upper 
part of the Neck(toi these bubbles reach’d 
to the top) seem’d to be divided into al­
most equal parts, by certain Diaphragm 
mes, conststing of the coats of the bub­
bles, whole edges appear d like so many 
Rings suspended one above another.

In the Spirit of Wine there did arise a 
great multitude of bubbles, even till 
weariness did make us give over the Ex­
periment. And in these bubbles two or 
three things were remarkable; as hist,

That
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That they ascended with a very notable 
celerity: Next, That being arriv’d at the 
top, they made no stay there, and yet, 
notwithstanding the great thinness and 
fpirituoufness of the Liquor, did, before 
they broke, lift up the upper surface of 
it, and for a moment or two form thereof 
a thin filnvor skin which appear'd protu­
berant above the reft of the superficies 
like a small Hemisphere. Thirdly, That 
they ascended straight up, whereas those 
produc'd at the lower part of the Vessel, 
containing the mixture of the Water and 
Spirit of Wine, ascended with a waver­
ing or wrigling motion, whereby they 
describ’d an indented Line- Lastly, It 
was observable in the Spirit of Wine (and 
we took notice of the like in the Oylof 
Turpentine lately mention’d) that not 
onely the bubbles seem’d to rise from cer­
tain determinate places at the bottom of 
the Glass, but that in their ascension they 
kept an almost equal distance from each 
other, and follow’d one another in a cer­
tain order, whereby they seem’d part of 
small Bracelets, consisting of equally lit­
tle incontiguous Beads: the lower end of 
each Bracelet, being as it were, fasten’d to 
a certain point ac the bottom of the Glass.

N 4 The
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The Air being sparingly let into the 

Receiver, the great bubbles formerly 
mention’d as incumbent upon one ano­
ther, in that Glass that contain'd the Spi­
rit of Urine , were by orderly degrees 
lessen'd, till at length they wholly subsi­
ded, notwithstanding the recess of so ma­
ny bubbles as broke on the top of the 
Spirit of Urine, during all the time of the 
Experiment; yet it scarcely appear'd at all 
to be sunk below the mark:»£Nor did the 
mixture of Spirit of Wine and Water 
considerably subside. But that is no­
thing to what we observ’d in the Spirit 
of Wine, for not onely it conspicuously 
expanded it self in the Neck of the 
Vessel that contain'd it, notwithstand­
ing the largeness of it-, and that the 
bubbles were about to break at the 
top of it almost assoon as they arriv’d 
there: but upon the re-admiflion of 
the external Air-, the Spirit of Wine 
retain’d its newly acquired expansion. 
And though we let it alone for near 
an hour together, in expectation that it 
might subside-, yet when we took it 
out, we found it still fwell’d between a 
quarter and half an Inch above the 
mark; and although it was not easily

imagi-
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imaginable how this Phenomenon could 
proceed from any mistake in trying 
the Experiment, yet the strangenefle 
of It invited me to repeat it with fresh 
Spirit of Wine; which, swelling in the 
Neck as formerly, I left all Night in 
the Receiver, allowing free access to the 
external Air at the Stop-cock, and the 
next day found it still expanded as be­
fore, save that it seem'd a little lower : 
which decrement perhaps proceeded from 
the avolarion of some of the fugitive 
parts of so volatile a Liquor. And for 
better satisfaction having taken out the 
Glass, and consider'd it in the open Air, 
and ata Window, I could not findethat 
there was any remaining Bubbles that 
could occasion the persevering and ad­
mir'd expansion.

BEing desirous to discover what diste- 
rence there might be as to gravity and mnt 

levity, between Air expanded under Wa­
ter,and it seise before such expansion-,we 
took two very small Viols, such as Chy- 
mical Estences(as they call them)are wont 
to be kept in,and of the size and shape ex­
pressed by the 8th Figurednto one of these

we
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we put so much of a certain ponderous 
Mercurial mixture (hapning to be then at 
hand) that the mouth being stopt with a 
little [oft Wax, the Glass would juft fink 
in Water and no more; this we let fall to 
the bottom of a wide-mouth'd Crystal 
Jar, fill'd with about half a pint of com­
mon Water, and into the fame Vestel we 
funk the other Essence Glass unstopp’d, 
with as much Water in it as was more 
then sufficient to make it subside. Both 
these sunk with their mouthes downward, 
the former being about three quarters full 
of Air, the latter containing in it a bub­
ble of Air that was gheif’d to be of the 
bigness of half a Pea: This done, the 
wide-mouth’d Glass was let down into 
the Receiver, and the way of imply­
ing the Engine was carefully made use 
of.

The success was, That having drawn 
out a pretty quantity of Air, the bubbles 
began to disclose themselves in the Wa­
ter, as in the former Experiments and 
though for a good while after the bubbles 
ascended in swarms from the lower parts 
of the Water, and hastily broke at the 
top; yet we prosecuted the Experiment 
so long without feeing any effect wrought

upon
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upon the Essence Bottles, that we began 
to difpair of seeing either of them rise, hue 
continuing to ply the Pump, that little 
Glass, whose mouth was open’d, came to 
the top of the Water, being, as it were, 
boy'd up thither by a great number of 
bubbles that had faftned themselves to 
the fides of it; swimming thus with the 
mouth downward, we could easily per­
ceive that the internal Air above men­
tion’d had much delated it self, and there­
by seem'd to have contributed to the e- 
merging of the Glass, which remain’d 
floating, notwithstanding the breaking 
and vanishing of most of the contiguous 
bubbles: being hereby incouraged to per­
sist in pumping, we observed with some 
pleasure, that at each time we turn'd the 
Key, the Air in the little Glass did mani­
festly expand it self and thrust out the wa­
ter, generally retaining a very protuberant 
surface where it was contiguous to the re* 
maining Water. And when after divers 
extinctions of the Air in the Receiver, 
that in the little Viol so dilated it self as 
to expel almost all the Water, it turn’d 
up its mouth towards the surface of the 
Water in the Jar, and there deliver'd a 
large bubble, and then relapsed into its
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former floating posture : And this Expe­
riment taught us, among other things, 
that it was a work ot more time and la­
bor then we imagin’d, to exhaust our En­
gine as much as it may be exhausted: for 
although before the emerging of the small 
Viol, we did (as has been touch’d alrea­
dy) think we had very considerably em- 
ptyed the Receiver, because there seem’d 
to come out but very little or almost 
no sensible Air at each ex suction into 
and out of the Cylinder-, yet after­
wards, at each drawing down the Suc­
ker, the Air included in the Viol did 
manifestly dilate it self, so long, that 
it did no less then nine times turn its 
mouth upwards, and discharge a bub­
ble by conjecture about the bigness of 
a Pea, after the manner newly recited. 
But as for that Violl which had the 
weight in it, it rose not at all. So 
that being not able by quick pumping 
to gain another bubble from the Air 
in the swimming Glass, which proceed­
ed from some small leak in the Vestel, 
though it held in this Experiment more 
stanch then was usual, we thought sic 
to let in leasurely the Air from with­
out , upon whose admission that with-
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in the Viol shrinking into a very riar- 
row compass, the Glass did, as we expe­
cted j fall down to the bottom of the 
Jar.

But being desirous before we proceed­
ed to any new Experiment, to try once 
more whether the little Glass that had 
the weight in it might not also be rais'd. 
After we had suffer'd the Engine to re­
main clos'd as it was, for five or six 
hours, the Pump was again ply’d with 
so much obstinacy, that not onely a- 
bout the upper part of the Jar there ap­
pear’d a good number of bubbles (but 
very much smaller then those we saw 
the sirft time) but afterwards there 
came from the bottom of the Jar, bub­
bles about the bigness ofsmal Peaswvhich 
the Pump being still kept going, fol­
low'd one another,to the number of forty, 
coming from the stopp’d Viols, whose 
mouth, it seems, had not been shut so 
strongly and closely, but that the included 
Air,dilating it self by its own spring,made 
it selfjome little pall age betwixt the Wall 
and the Glass, and got away in these bub­
bles-, after which, the unstopp’d Glass be­
gan to float again, the Air shut up in it
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being manifestly so dilated as to expel a 
good part of the Water, but not so much 
as to break quite thorovv. And at length, 
when our expectation of it was almost ti­
red out, the heavier of the two Viols be­
gan to come aloft, and immediately to 
subside again, which appear’d to be oc­
casion’d by the Air within it, whose bulk 
and spring being weaken’d by the recess 
of the forty bubbles before-mention’d, it 
was no longer able, as formerly, to break 
forcibly through the incumbent Water 
but forming a bubble at the mouth of the 
Glass, boyed it up towards the top, and 
there getting away, left it to fink again 
till the pressure of the Air in the Recei­
ver being further taken off, - the Air in the 
Viol was permitted to expand it self fur­
ther, and to create another bubble, by 
which it was again for a while carried up. 
And it was remarkable, that though after 
haying emptyed the Receiver as far as 
well we could, we ceas'd from pumping; 
yet the Vestel continuing more stanch 
then it was wont, this ascent and fall of 
the Viol was repeated to the ninth time; 
the included Air, by reason of the fmal- 
nefs of the vent at which it must pass out, 
being not able to get away otherwise then

little



little by little-, and consequently,in divers 
such, parcels as were able to constitute 
babbles, each of them big enough to 
raise 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 swim in the 
Water, in cafe it be lighter then as much 
of that Water that equals it in bulk, will 
hold likewise when the pressure of the At­
mosphere is in very great measure, if not 
when it is totally taken off from the Li. 
quor and the Body: though it were worth 
inquiring what it is that so plentifully 
concurs to fill the bubbles made in our 
Experiment by the so much expanded 
Ah', for to fay with the old Peripatetick 
Schools, That the Air, in Rarefaction, 
may acquire a new extent, without the 
admission of. any new substance , would 
be an account of the Fhœnometion very 
much out of date, and which, I suppose, 
our Modern Naturalists would neither 
give,nor acquiessin.

I know not whether it may be requisite 
toadde,; that in this Experiment, as in 
the former,:the outward Air being let in 
did soon precipitate the floating Viol.But 
Jthink it will not be amiss to note, that

(com
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f congruously to what hath been above 
recorded of the vast expansion of the Air) 
the Water which in the heavier Viol suc­
ceeded in the room of those forty odde, if 
not fifty great bubbles of Air, which at 
several times got out of it, amounted but 
to a very inconsiderable bigness.

(202)

Expert- |x having been observ’d by those that 
ment 26. A have consider’d what belongs to Pendu­

lums fa Speculation that may, in my 
poor judgement, be highly useful to the 
Naturalists) that their Vibrations are 
more slowly made, and that their moti­
on lasts less in a thicker, then in a thinner 
Medium: We thought it not amiss to 
try if a Pendulum would swing faster, or 
continue swinging longer in our Receiver, 
incase of the ex suction of the Air, then 
otherwise. Wherefore we took a couple 
of round and polish'd Pendulums of Iron 
or Steel, of equal bigness, as near as we 
could get the Artificer to make them, and 
weighing each of them twenty Dragmes, 
wanting as many Grains. One of these 
we suspended in the cavity of the Recei­
ver by a very slender silken string, of a- 
bout seven Inches and a half in length

from
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from.the cover of the Receiver to which 
it .was fasten'd. Then (by inclining the: 
Engine) we made the Pendulum swing too 
and.fro in it, and describ'd as long Arches 
as in the capacity ot so brittle a Vestel we 
thought fafe.and convenient. And one of 
the Assistants telling the recursions ot the. 
other Pendulum hanging in the free Air, 
by a string.of about the fame length, we 
shorten'd and lengthen'd this other Pen­
dulum, till it appear'd to keep the tame 
pace in its Vibrations, with that stiut up in 
the Receiver. Then having caveiully 
drawn away, the Air,- we did again set the 
Pendulum in the Receiver a vibrating; 
and giving the other Pendulum such a mo­
tion as made it describe an Arch, accord­
ing to ones gheis, equal to that of the in.. 
eluded Pendulum; we reckon'd, one of 
us,the Recursions of that Pendulum which 
was swinging within the Receiver; and 
another of us that which was moving in 
(that which one would think a much more 
resisting medium) the Air. But once, one 
of us reckon'd near two and twenty Re­
cursions of the included Pendulum, whilst 
the other reckon’d but twenty of the Pen­
dulum that vibrated without. And an­
other time also, the former of these Pcn- 
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duU was reckon'd to have made one and 
twenty Recursions, wherein the other 
made but twenty : Yet this Experiment 
seem’d to teach us little, save that the dif­
ference betwixt the motion of such a Ten- 
dulum'm the common Air, and in one ex­
ceedingly ratified , is scarce sensible in 
Vessels no bigger then our Receiver $ e- 
fpecially since though during this Expe­
riment it held very well, yet we could 
not suppose it to be altogether devoid of 
Air. We observ'd also, that when the 
Receiver was full of Air, the included 
Pendulum continu’d its Recursions about 
fifteen minutes for a quarter of an hour) 
before it left off swinging; and that after 
the ex suds ion of the Air, the Vibration 
of the same Pendulum (being fresh put in­
to motion) appear'd not (by a minutes 
Watch) to last sensibly longer. So that 
the event of this Experiment being other 
then we expected, scarce afforded us any 
other satisfaction, then that of our not 
having omitted to try it. And whether 
in cafe the try al be made with a Pendulum 
much less disproportionate to the Air then 
Steel is, the event will much better an­
swer expectation, experience may be con, 
suited.

That

(204)
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'T* Hat the Airis the medium whereby
sounds are convey ’d to the Ear, has Expen- 

been for many Ages, and is yet the com-mnt ~7* 
mon Doctrine of the Schools. But this 
Received Opinion has been of late op­
pos’d by some Philosophers upon the ac­
count of an Experiment made by the 
Industrious Kircber, and other Learned 
Men, who have (as they allure us) ob­
serv'd, That if a Bell, with a Steel Clap­
per, be so fasten'd to the inside of a Tube* 
that upon the making the Experimentne 
Vacuo with that Tube, the Bell remain’d 
suspended in the deserted space at the up­
per end of’the Tube: And if also a vi­
gorous Load- stone be apply'd on the out­
side of the Tube to the Bell, it will at­
tract the Clapper, which upon'the Remo­
val of the Load-stone falling back, will 
strike against the opposite side of the 
Bell, and thereby produce a very audible 
found i whence divers have concluded»
That tis not the Air, but some more sub­
tle Body that is the medium of sounds.
But because we conceiv’d that, to invali­
date such a consequence from this ingeni­
ous Experiment (though the most lucifc- 

O 3 rous
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rous, that could well be made without 
some such Engine as ours J some things 
might be speciously enough alleadg’d; we 
thought fit to make a try al or two, in or­
der to the Discovery of what the Air does 
in conveying of founds, reserving divers 
other Experiments tryable in our Engine 
concerning;founds,till we can obtain more 
lea sure to prosecute them. Conceiving it 
then the best way to make our tryal with 
such a noise as might not be loud enough 
to make it difficult to discern slighter va­
riations in it, but rather might be, both 
lasting,that we might take notice by what 
degrees it decreas'd ; and so small, that 
it could not grow much weaker with­
out becoming imperceptible. * We took 
a Watch, whole Cafe we open’d , that 
the contain'd .Air might have free egress 
into that of the Receiver. And this Watch 
was suspended in the cavity of the Vestel 
onely by a Pack-thred, as the unlikeliest 
thing to convey a found to the top of the 
Receiver : And then closing up the Ves­
sel with melted Plaister, we listen’d near 
the fides of it, and plainly enough heard 
the noise made by the ballance. Those al­
so of us, that watch’d for that Circum­
stance, observ’d, that the noise seem'd to

come
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Come directly in a straight Line from the 
Wctch unto the Ear. And it was observa­
ble to this purpose, that we found a mani­
fest disparity of noise,by holding our Ears 
near the st des of the Receiver,and near the 
Cover of it: which difference seem'd to 
proceed horn that of the Texture of the 
Glass, from the structure of the cover(and 
of the Cement) through which the found 
was propagated from the Watch to the 
Ear. But let us prosecute our Experiment. 
The Pump after this being imployd, it 
feemd that from time to time the found 
grew fainter and fainter so that when the 
Ree iver was empty’d as much as it usd 
to be for the foregoing Ex.peiiments, nei­
ther we, hor some strangers that chanc’d 
to be then in the room,could, by applying 
our Ears to the very st de?, hear any noise 
from within ; though.we could easily per­
ceive that by the moving of the hand 
which mark'd the second minutes, and by 
that of the ballance, that the Watch nei­
ther stood stil,nor remarkably varied from 
its wonted motion. And to fatisste our 
felvs further that it was indeed the absence 
of the Air about the Watch that hinder d 
us from heaving it, we let in the external 
Air at the Stop-cock,and then though we 

O 3 turn’d
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turn'd the Key and stopt the Valve,yet we* 
could plainly hear the noise made by the 
ballance, though we held our Ears some­
times at two Foot distance from the out­
side of the Receiver. And this Experi­
ment being reiterated in another place, 
fucceded after the like manner. Which 
seems to prove, that whether or no the 
Air be the onely, it is at least, the princL 
pal medium of Sounds. And by the way 
it is very well worth noting, that in a Ves­
sel so well clos’d as our Receiver, so weak 
a pulse as that of the ballance of a Watch 
should propagate a motion to the Ear in a 
Phisically straight Line, notwithstanding 
the interposition of so close a Body as 
Glass, especially Glass ot such' thickness 
as that of our Receiver -, since by this it 
seems that the air imprison’d in the Glass, 
must, by the motion of the ballance, be 
made to beat against the concave part of 
the Receiver, strongly enough to make 
its convex part beat upon the contiguous 
Air, and so propagate the motion to the 
Listners ears. I know this cannot but 
seem strange to those, who, with an emi­
nent Modern Philosopher, will not allow 
that a Sound, made in the cavity of a 
Room, or other place so clos'd, that there



is no intercourse betwixt the external and 
internal Air, can be heard by those with­
out, unless the founding Body do imme­
diately strike against some part ot the in­
closing Body. But not having now time 
to handle Controversies, we shall onely 
annex, That after the foregoing Experi­
ment, we took a Bell of about two Inches 
in Diameter at the bottom, which was 
supported in the midst of the cavity of 
the Receiver by a bent stick, which by 
reason of its Spring press'd with its two 
ends against the opposite parts of the in­
side of the Vessel: in which, when it was 
clos’d up, we observ’d that the Bell seem'd 
to found more dead then it did when juft 
before it founded in the open Air. And 
yet, when afterwards we had as. formerly 
emptyed the Receiver, we could not dis­
cern any considerable chiyige (for some 
laid they observ'd a small one)in the loud­
ness of the found, whereby it seem'd that 
though the Air be the principal medium 
of found, yet either a move subtle mat­
ter maybe also a medium of it, or else an 
ambient Body that contains but very 
few particles of Air, in comparison of 
those it is easily capable of, is sufficient 
for that purpose. And this, among o- 
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ther things,invited us'to consider,whether 
inthe,aboVermendon d Experiment made 
with the Bell and the Load-stone, there 
might not in the deserted part of the Tube 
remain Air enough to produce a found: 
since the Tubes tor the Experiment Dc 
Vacuo ' snot to mention the usual thin­
ness of the Glass) being seldom made 
-greater then is requisite, a little Air might 
bear a not inconsiderable proportion to 
the deserted space. And that also, in the
Experiment De Vacuot as it is wont to be 
made, there is generally some little Air
that gets in from without,or at least store 
of bubbles that arise from the Body of 
the Quick-silver, or other Liquor it self, 
Observations heedfully made have fre­
quently informed us: And it may also 
appear, by what has been formerly deli­
vered concerning the Torriccllian Experi­
ment.

On the occasion of this Experiment 
concerning founds, we may adde in'this 
place, That when we try d the Experiment 
formerly mention'd, of siring Gunpow­
der with a Pistol in our evacuated Recei­
ver, the noise made by the striking of the 
Flint against the Steel, was exceeding
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have been in the open Air. - And on di- 

. vers other occasions it appear’d that, the 
founds created within our exhausted 
Glass, if they were not lost before they 
reach'd the Ear, seem'd at least to arrive 
there very much weaken'd. We intended 
to try whether or no the Wire-string of an 
Instrument shut up into our Receiver1, 
would, when the ambient Air was suck’d 
out,at all tremble,if in another Instrument 
held close to it, but without the Receiver 
a string tun’d (as Musicians speak, how 
properly I now examine notjto an Unison 
with it, were briskly toucht, and set a- Vi ­
brating. This, I fay, we purpos’d to try 
to see how the motion made in the Air 
without,would be propagated through the 
cavity of our evacuated Receiver. But 
when the Instrument wherewith the tryal 
was to be made came to be imploy’d, it 
prov d too big to go into the Pneumatical 
Vestel, and we have not now the conveni- 
ency to have a fitter made.

We thought likewise to convey into 
the Receiver a long and slender pair of 
Bellows, made after the falhion of thole 
usually employ’d to blow Organs,and fur­
nish'd with a small Musical instead of an

ordi-
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ordinary Pipe. For we hop’d, that by 
means of a string fastned to the upper . 
part of the Bellows, and to the moveable 
stopple that makes a part of the Cover 
of our Receiver, we should, by frequent­
ly turning round that stopple, and the an­
nexed string, after the manner already 
often recited,be able to lift up and distend 
the Bellows; and by the help of a com­
petent weight fasten’d to the fame upper 
part of the Bellows, we should likewise 
be able, at pleasure, to compress them : 
and by consequence, try whether that 
subtler matter then Air (which, accord­
ing to those that deny a Vacuum, must be 
suppos'd to fill the exhausted Receiver) 
would be able to produce a found in the 
Musical Pipe; or in a Pipe like that of or­
dinary Bellows, to beget a Wind capable 
to turn or set a moving some very light 
matter, either shap’d like the Sails of a 
Wind-Mill, or of some other conveni­
ent form, and expos'd to its Orifice. This 
Experiment, Isay, we thought to make, 
but have not yet actually made it for want 
of an Artificer to make us such a pair of 
Bellows as it requires.

We had thoughts also of trying whe­
ther or no, as Sounds made by Bodies in

our
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bur Receiver become much more languid 
then ordinary, by reason of the want of 
Air, so they would grow stronger, in cafe 
there were an unusual quantity of Air 
crtiuded and shut up in the fame Vessel, 
which may be done (though not without 
some difficulty) by the help of the Pump, 
provided the Cover and Stopple be so 
firmly fasten'd (by binding and Cement, 
or otherwise) to the Glass; and to each 
other, that there be no danger of the 
condens’d Airs blowing of either of them 
away, or its breaking through the jun­
ctures. These thoughts, My Lord, as I 
was saying, we entertain'd; but for want 
of feature, as, of as good Receivers as 
ours, to substitute in its place, in cafe we 
should break it before we learn'd the skill 
of condencing the Air in it, we durst not 
put them in practice: Yet, on this occa­
sion, give me leave to advertise Your 
Lordship once for all, That though for 
the reasons newly intimated, we have, 
Onely in the seventeenth Experiment, 
taken notice, that by the help of our En­
gine the Air may be condens'd as well as 
ratified; yet there are divers other of our 
Experiments, whose Phœnomew it were

worth
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worth while to try to- vary, by means of 
the compression of the Air,

Experi­
ment z8. J: E taught, among divers other 

things,when we discours’d ol our 
first Experiment,That the Air shut up in 
our Receiver, presseth as strongly upon 
the Bodies shut up with it, as it they 
were expos’d to the-pressure of the whole 
Atmosphere. That this was not incon­
siderately propounded , we hope Your 
Lordlhip has gather'd from divers of the 
things already recited : But yet perhaps it 
will not be amiss to fubjoyn, by way of 
further confirmation of the fame truth,the 
following Experiment, which should have 
accompanied the 20th,but the Paper where 
in the one was written chanc'd not to be at 
hand, when the other was sent away.

We convey’d into the Receiver a new 
Glass Viol, capable of holding about 6 of 
7 ounces of Water, into which we had 
before put z or 3 Spoon-fulls of that Li­
quor, and stopt it close with a fit Cork. 
The Pneumatical Vessel being empty’d, 
there appear’d not any change in the in­
clos'd Water, the Air imprison’d with it, 
not having the force to blow out the stop-Pie,
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pie, which event, though it were nobther 
then we expected,wasdiffenng.from what 
we defiv’d ■ For we would gladly have seen 
what change would'have appear’d-in the 
•Water upon the Bottles Being suddenly 
unstopp'd , in a place where the ambient 
Body was so differing from our common 
Air. Wherefore we did again putin the 
Viol, but less strongly clos’d then for­
merly, though as strongly stopt as seem’d 
requistte on ordinary occasions: Bat when 
the Air was pump'd out of the Receiver,! 
that within the Viol did quickly, as we 
expected, find'orimake it self little past’a- 
ges.to get out at: as we argu’d,1 from, this, 
That whereas when the Viol was put in 
the time before,, the Water remain’d all* 
the while perfectly free from bubbles > at 
this time the bottom of the-Glass ap­
pear’d all cover’d with them, and they} 
upon the.regreis of the excluded Air into 
the Receiver, did presently stag and shrink 
up. *. s!<i \ :■ • ' lo 
" From these tryals it seem’d deducible 
enough, that:whilst the Viol’ continu'd 
to be well stopt,a the included Water 
did , from the Air, shut up with it, 
sustain a pressure equal to that of the " 
Atmosphere since till the Air could get 
-*- i out
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out of the Glass, there appear’d no bub­
bles in the Water, notwithstanding the 
want of prefliire in the ambient Body.

But to be sure to reach the chief end of 
our Experiment, we made use of this ci­
ther expedient: We.caufd a convenient 
quantity of Water to be put, and Her­
metically shut up into a Glass Egge, to 
whose long Neck (which was purposely 
made of an unequal thickness) was fa­
sten’d to* one end of a string, whose ci­
ther end was ty’d to the Cover of our 
Receiver,after the manner elsewhere men? 
tion’d already: Then the Egge being 
convey’d into the Pneumatical Vestel, 
and that being evacuated, we did, by 
turning the brass Stopple formerly de­
scrib’d amongst the parts of our En­
gine, so shorten the string as to break the 
Glass v whereby liberty being given to 
the Air imprison'd in the Egge, to pass 
into the capacity of the Receiver,the sud­
den recess of the Air made the bubbles in 
a trice appear so numerous, and ascend 
so swiftly in the Water, that their motion 
look'd like that of a violent shower of 
Rain 5 stive that the bubbles did not, like 

* the drops of Rain, tend downwards, but 
upwards, which made me resemble this

Th**
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Phenomenon to what I have seen happen 
in the dissolution of Seed-Pearl in some 
acid Menstruum, in which, if a good quan­
tity of the little Pearls be cast whole, they 
will at first, if the Menstruum be sharp e- 
nough, be carryed in swarms from the 
bottom to the top of the Liquor. We 
will adde, that without sealing up the 
Glass, this Experiment may be try d in 
one of our smallest Receivers, for there • 
the ex suction of the ambient Air may be 
perform'd so nimbly, that immediately 
the bubbles lurking in the Water are al­
low’d to display themselves, and ascend 
in throngs; insomuch, as having in such 
a Receiver try’d the Experiment with 
Wine (as a more spirituous Liquor) in-' 
stead of Water, the Red-Wine appear’d 
all cover’d, with a copious, but vanishing 
white Froth, almost as if a Vessel full of 
bottl’d drink had been unwarily open’d.

1T may not a little conduce to the clear- Expert 
* er explication of divers Points in the war 29. 
Doctrine of Meteors, and perhaps of 
some other Physiological difficulties, to 
discover what the Air does to the motion' 
of those Steams or Exhalations that as­

cend
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tfenditito it,namely, Whether they mount 
upwards by Ver toe of any such positive le-, 
vity fas some Peripateticks speak) ac­
quir'd together with their Aerial nature, 
asduables.them to pierce through part of 
the Atmosphere, and over-come its re­
sistance. Or else, whether these steams 
being once rais’d above the Earth by their 
agitation, have their ascent and sustenra­
tion aloft, rather promoted then hindred 
by the Air: as the inferior parts of that, 
being thicker and heavier then the supe­
rior, the steams can more easily continue 
for a while their agitation upwards then 
downwards; And afterwards are by the 
fame fluidity and thickness of the Air, 
carried to and fro in it, and kept from re­
lapsing to the Earth, as in the' Sea -water 
the saline parts are kept from subsiding by 
those aqueous ones wherewith they are
associated. ?,:. > J ......

We hop d to illustrate this matter, by 
observing the motion of the smoke, pro­
ceeding from kindled or flaming Bodies in 
our exhausted Receiver- But as we for­
merly noted, upon the exsuction of the 
Air, the smoking of those Bodies pre­
sently ceas’d. We had thoughts also of 
conveying into our Pneumatical Glass a 

. • hot
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hot Ivon, with some Body easie to be 
dissipated into smoke set upon it, but con­
sider'd , that neither was that way free 
from inconveniences; especially this,thai? 
the hot Body would make the Imprison'd 
Air circulate within the Receiver, and 
consequently make it questionable whet 
ther the ascent of the Reams would nod 
be due to the new and acquired motion of 
the Air.

Wherefore I bethought my self of an - 
other way to satisfiein some measure my 
curiosity, to wit, by means of a certain 
Liquor, which I call'd to minde that some 
years ago I had (for a design that belongs 
not to our present purpose) prepar’d; 
which, I.- suppose, I ssiew*d Your Lord­
ship, and which had the,luck to be ta­
ken notice of by divers very Ingenious 
and Famous Men. For this Liquor* 
though most of its Ingredients be Metals* 
and all of them ponderous enough, is yet 
of that nature, that whilst the Viol where­
in it is kept is flopt (how flight a Cover 
soever) both the Liquor and the Glass 
are transparent-, and so is that upper half 
of the Glass to which the Liquor reaches 
not. But alToon as ever the stopple is ta­
ken out* and full access is given to the ex- 

P _ ternal
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ternal Air, both the inward part of the 
Cork, and the Liquor it self, do present­
ly fend upwards, and scatter abroad a 
fume as thick and white, as if there were 
a quantity of Alablaster-dust thrown up 
into the Air: And- this smoking of the 
Liquor lasts.till my unwillingne ss to waste 
it , invites me stop it again; and then the 
ascension of the fumes suddenly ceases, till 
the Viol be again unstop’d.

This fuming Liquor then I thought 
would much conduce to the discovery I 
desir'd to make, since it sav'd me the need 
of conveying any hot Body with it into 
the Receiver, artd would not darken it 
with fumes before the time. Wherefore 
having ty’dtothe Viol a great weight of 
Lead, to keep it from being lifted up by 
the drawing out of the Cork; and having 
tyd to the stopple one end of a string, of 
which the other end was made fast to the 
Cover of the Pneumatical Glass, the Li­
quor was carefully clos'd up after the 
Wonted manner 5 then the Air being dili­
gently pump'd out, the Viol was unstopt 
in the empty’d'Receiver: and though 
immediately, npon the drawing out of the 
Cork, there appear'd to be as it were 
thrown up some white fumes, which

seem'd
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seem’d to proceed from the Air before 
imprison’d in the Viol, and diffusing it 
self suddenly into the capicity of the 
Receiver. Yet we afterward observ’d, 
as we expected, That the fumes did not 
mount and disperse themselves as they 
use to do in the open Air, but that, when 
by reason of the agitation of the Cor­
puscles of the Liquor, which could not 
continue their motion in so narrow a 
space as the Viol afforded them, and were 
therefore reduc’d to thrust one another 
out of it; when, I fay, by these assi­
stances the fumes were ascended to the lip 
of the Viol, they mounted no higher* 
but ran down, along the out-side of the 
Viol to the bottom of it and thence 
along, a long and inclining piece of Lead, 
on which the Viol rested, like a little 
Stream (not very much bigger then a 
Swans Quill) whose nature it seemd toe- 
mulate so well, that it quitted not the Viol 
till it was come to the bottom of it, and 
then forsook it in such a manner as a 
stream of Water of the fame bigness 
would have done. And this stream lasted 
a pretty while, and would probably ha/e 
lasted longer,but that being loath to waste 
my Liquor, I let in at the Stop-cock a 

P z pretty
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pretty deal of the external Air; notwith­
standing which, finding after awhile the 
stream did run afresh, though, as it seem'd, 
not altogether so copious as before : I let 
as much more Air, as would, come in,and 
found (somewhat to my wonder) that 
though the stream formerly mention’d 
dis-appear’d, yet there appear’d not any 
white fumes to arise,either from the Cork, 
or out of the Viol itself, no not when 
the Cover was remov’d from the Recei­
ver ; though not onely after a while there 
ascended white Fumes from the Receiver: 
but having forthwith taken out the Viol 
into the open Air, it emitted white ex­
halations as before ; and having presently 
after unstop’d it in an open Window, we 
found both it and the Cork immediatly 
to fend forth a yet much more plentiful 
fmoak. Though it be now diveis years 
since this Numerical Liquor was prepa­
red, after the manner mention’d either 
by Carnetndcs or Elentbcrius (for I do not 
well remember which) in those Dialogues 
-concerning Heat and Flame that have a- 
bove been mention'd.

More Circumstances concerning these 
Fumes we might have observ’d, had we 
not been decerr’d by an Indisposition in

point
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point of health, from having much to do 
with steams of so dangerous a nature,as by 
that of the Ingredients of this Liquor 
these s. em likely to be of.

The Reflections that may be made up­
on this Experiment, we have not now the 
leafure to prosecute, and therefore shall 
content ourselves to recommend the se­
veral Circumstances of it to Your Lord' 
strips serious consideration- and to take 
notice (cnpaflant) that steams in an am­
bient Body, or a medium thinner then 
themselves, may both tend downwards, 
and otherwise emulate the nature of a 
Liquor; which I therefore point ac, that 
it may appear the less strange, if we some­
times speak of the Atmosphere as of a 
kinde of Liquor, in comparison of that 
more thin and subtle Celestial Matter that 
surrounds it.

And though it might perchance suf­
fice to have on this occasion intima­
ted thus much- yet , lest this way 
of speaking of the Atmosphere should 
be thought too bold and extra­
vagant , 1 am content to borrow an 
Experiment of the Discoiuf? former-

V 3 ' ty



!y mention’d (touching fluidity and firm* 
ness) and subjoyn it here with alterations 
suitable to the contrivance of our Engine; 
and this the rather, because I hope it may 
conduce to the discovery of the nature of 
the Atmosphere: for which reason it 
might have been annext to what has been 
noted either upon the first, or eighteenth 
Experiment, but that when they were 
Written and sent away, it came not into 
my minde. The Experiment then as we 
try’d in our Engine, was as follows.

sr-4)

JLxycn- ^/E took one of the small Receivers, 
¥Lm 3 0» often mention’d already, and into it 

we convey’d a piece of well lighted Match; 
and letting it remain there till it had fill’d 
the Receiver with fmoak, we took it out 
and hastily clos’d again the Receiver, that 
the fmoak might not get away. Then 
staying awhile to let these fumes leisurely 
subside, we found, as we expected, that 
after some time they fetled themselves in 
the lower half of the Receiver, in a dark­
ish Body, leaving the upper half of the 
Receiver transparent, and as to fight, full 
of nought but clear Air. Now to mani­
fest that this fmoak thus fetled emulated

a Li-
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a Liquor, we inclin'd the Engine that coni 
rain'd it, sometimes to one fide,and some’ 
rimes to the other; and observ’d the 
fmoak to keep its surface almost Hori­
zontal, notwithstanding the stooping pf 
the Vestel that held it, as Water pr a.iir 
other Liquor would in the like cafe have 
done. And if by a quicker rocking ot the 
Engine the smoke were more swiftly sha­
ken, it would, like Water, either Vibrate 
to and fro from one fide to the other of 
the Glass,or else have its surface manifest­
ly curb'd with Waves, but preserve its 
seisin an intire and distinct: Body from the 
incumbent Air; and being permitted to 
rest awhile, would soon recover its for­
mer smooth and level superficies: If also 
the Key were turn’d and the Valve uh-- 
stopp’d, so that there was a free, though 
but a narrow passage open'd betwixt the 
external Air and the cavity of the Recei­
ver, then would some of this fmoak fall 
down, as it were, in a stream into the sub­
jacent Cylinder, and a proportionate 
quantity of the outward Air, would ma­
nifestly ascend through it into the incum­
bent Air, much after the fame manger as 
if you invert a Viol vyith along Neck,and 
Well lill’d with Red-Wine, into a Glass 

P 4 ‘ full
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Mi of fair water, you toll fee the Water 
and Wine by degrees mingle with one an-/ 
other; the one falling downe as it were in 
little colour'd streames, and the other as- - 
cending into its room in the like curled 
streames, sometimes preceded by round 
parcels of water, which,by reason of their 
transparency, looke almost like bubbles. 
The other circumstances of this Experi­
ment, belonging not all of them to our 
present purpose, we toll content our 
selves with taking notice of one which 
feemes the most important, and may illu­
strate and consume some things former­
ly delivered. And it was, That, if, when 
the sup er fides of our Smoke lay smooth 
%hd horizontal, a hot iron were held near 
the out fide of the Receiver, the Neigh * 
Routing part of the included fumes (for 
the rest did not very much alter their for­
mer super fides) being ratified by the heat, 
would readily ascend in a large Pillar of 
smoke to the very top of the Receiver, 
yet without seeming to loose a distinct; 
superficies,ox to be confounded with Air; 
below which, upon the recess of the ad­
ventitious hear, that by agitating it im. 
pelVd it upward , it would againe fub- 
"iicfef
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All which being added to the late Ex­

periment of the smoking Liquor, and 
to what may be from that which has been 
elsewhere sayd, gather’d to the same pur­
pose,will,I hope,keep it at least from ap­
pearing absur’d: If since we see that there 
is so great an inequality in the density and 
weight of Liquors,that water is neere 14 
times thinner or lighter thanQuick-silver 
of the fame bulk, and well dephlegm’d; 
Spirit of Wine yet much lighter than wa­
ter ; we venter to speak sometimes of the 
Atmosphere, as if it were a peculiar kind 
of thin and halituous Liquor (if I may so 
call it) much lighter than Spirit of Wine.
To these things I know not whether it 

will be requisite to add, that as we late­
ly took notice of conspicuous waves that 
appear’d upon the superficies of our agi­
tated smoke. So some such thing may 
not absurdly be conjectur’d to happen 
on the superficies of the Atmosphere, 
by those strange ruggednesses that ap- 
peare (especially in the Spring and Fall, 
when exhalations and vapours are wont to 
ascend most plentifully ) upon the Limb 
or Edge of the Rising and Setting Sun. I 
fpeake thus diffidently upon this occasion 
because I know that by theFIuctuation or

Boyling
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Boyling of the Sun s own superficies di­
verse,eminent Mathematicians have plau­
sibly enough ( but how truly I leave 
your Lordship to Judge ) endeavour’d to 
give an Account of it. But if we will joins 
with those that have ascrib’d of late this 
Tbxnomenon to the Refraction the Sun- 
Beames suffer in our vapid Air; we may, 
as hath been intimated,promote theirDo- 
ctrin by deducing from it, that probably 
the surface Atmosphere is oftentimes (if 
not alway-;s)exceedingly curl’d or wav’d. 
And certainly it is somewhat wonderful! 
as well as very pleasant to behold, how, 
to him that looks upon the setting Sun 
through a long & excellent Telescope, 
there will not only appears strange ine­
qualities in the edge of it f insomuch that 
I have often seen it more indented than a 
Saw) but those inequalities will vanish in 
one place and presently appears in ano­
ther, and seem perfectly to move like 
waves succeeding and destroying one an­
other; save that their Motion oftentimes 
ieeines to be quickest as if in that vast sea 
they were carried on by a current, or ac 
least by a tide. And this ( as we else 
where note ) appear’s to the eye not on­
ly when it looks directly through the te­

lescope



■ le scope upon the funne; but also when a 
large and well defin’d image of the funne 
is by the fame telescope brought into a 
roome and cast upon a sheet of white pa­
per. But to insist on this were to digress: 
and therefore I will proceed ty experi­
ments of another kind.

(2 29)

IT has been admir’d by very ingenious ^x‘Peri~ 
Men, that if the exquifidy polish’d 

surfaces of two flat peeces of marble be so 
congruous to each other that from their 
mutuall application there will result an 
immediate contact, they will stick so fast 
together, that he that lifts up the upper­
most, shall, if the undermost be not ex­
ceeding heavy, lift up that too, and fuf- 
taine it aloft in the free aire. A proba­
ble cause of this so close adhesion we have 
elsewhere endeavour’d to deduce from the 
unequall pressure of the Air upon the un­
dermost stone; For the lower superficies 
of that stone being freely expos’d to the 1 
Air is press’d upon by it, whereas the up­
permost surface, being contiguous to the 
fuperiour stone, is thereby defended from 
the pressure of the Air which consequent­
ly pressing the lower stone against the up­

per^



(2 3°)
per, hinders it from falling, as we have 
elsewhere more fully declar’d. Upon 
these grounds we conjectur’d that in cafe 
we could procure two marbles exactly 
ground to one anotherand in cafe we 
could also sufficiently evacuate our Re­
ceiver , the lower stone would, for want 
of the wonted and sustaining pressure of 
the Air, fall from the upper. But the 
further tryal of thisExperiment we muff, 
unless yourLortifhip think it worth Your 
making at Parts, put off till a fitter 
opportunity. For where we now are, we 
cannot procure marbles so exactly ground, 
that they will fuftaine one another in the 
Air, above a minute or two, which is a 
n uch shorter time than the emptying of 
our Receiver requires. We did indeed 
try to make our marbles flick close to­
gether by moistening their polliffied sur­
faces with rectifi’d spirit of WTine, in re­
gard that Liquor by its sudden avolation 
from marble, ifpowr’d thereon, without 
leaving it moist or less smooth, seem’d 
unable to fuftaine them together after the 
manner of a glutinous body, and yet 
seem’d sufficient to exclude and keep out 
the Air. But this we try’d to little pur­
pose, for having convey’d into the Recei-
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ver two black square marbles (the one ok 
two inches and a third in length or 
breadth , and somewhat more thanhalfe 
an inch in thickness: The other ot the fame 
extent, but not much above halfe so 
thick ) fasten'd together by the interven­
tion of pure Spirit of Wine ; and having 
suspended the thicker by a idling from the 
cover, we found not that the exfuction of 
the ambient Air would separate them , 
though a weight amounting to four oun­
ces were fasten’d to the lowermost mar­
ble to facilitate it’s tailing off.

1 would gladly have the Experiment 
try’d with marble so well pollilli’tas to 
need no Liquor whatsoever to make them 
cohere , and ma Vestel out of which the 
Air maybe more perfectly drawn than it 
was out of ours. But in the mean time 
though we will not determin whether the 
Spirit of wine did contribute to the strong 
cohesion of these stones, otherwise than 
by keeping ev'n the fubtl’st parts of the 
Air from getting in between them, yet it 
seemed that the not falling downe of the 
lowermost marble might without impro­
bability be ascrib'd to the pressure 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 
suppos’d capable of keeping so broad aflat 
Marble from descending. And though this 
may seem a strange proof of the strength of 
the spring of Air,ev n when ratified,Vet it 
will scarce seem incredible to him that has 
observ’d how exceeding strong a cohesion 
may be made betwixt broad Bodies, one- 
ly by their immediate touching one ano­
ther. A notable instance of which, I 
have met with in this short Narrative of 

’zmims the Learned Zucchius. fwvtni (fays he) 
apudschot: laser torum fuorum robur : \ act anti propo- 
fart I. fit a fe me I eft lamina area, per an jam in

medio extantem apprebenfam elcvanda £ 
tabula marmorea, cut optime congruebat: 
qui primo tanquam rem ludtcram puero 
committendam contcmpfit: turn raft anti- 
bus arnicis manum utrdmque admovens 5 
cum luttatus din h&rentem non rentovifj'et, 
excufavit impotentiam, cbjccla pertgrmi 
eft potcntifsimi glut in is interpofitione, quo 
fortissimo copulante nequires divelli - do*- 
me vidit ab alio per tabulamfacilme lami- 
r.am deduct, eft ad extrema product am, eft 
net am in tranjverfum in de deportari. But 
that we may learn from our own Engine, 

•-* that
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that two Bodies, though they touch each 
other but in a small part of their surfaces, 
may be made to cohere very strongly, 
onely by this, That the Air presses much 
more forcibly upon the inferior superfi­
cies of the lowermost Body, then upon 
the upper surface of the fame: We will 
hereunto annex the following Experi­
ment, though out of the order wherein 
they were made. .ri :

ExperU
I remember I have, ma Discourse con- mcnt 32. 
* cerning Fluidity and Firmness, made 
mention of my having, by the exsuction 
of the Air out of a Glass Vessel, made 
that Vestel take up, or fuck up(co speak in 
the common Language) a Body Weighing 
divers Ounces■, but our Engine affording 
us the opportunity of making consider­
ables Experiments of that km de. We 
thought fit to make a further tryal of the 
force of the Atmosphere’s pressure up­
wards, after the following manner.

The Receiver having been exquisitely 
clos'd, as we have often caught already, 
and the Air being in a good measure drawn 
out of it, it was remov'd from off the 
Pump: and to the lower Branch of the

Stop-



Stop-cock, there was speedily apply’d 3 
tapering Valve of brass, such as is describ'd 
in the 9th fig: made fit to go with its nar­
rower end into the cavity of the branch ,■ 
and to fill the orifice of that cavity with 
its broader part. And that the Air might 
not get in at the litle intervals, left here 
and there between the convex surface of 
the stopple and the internal! edge of the 
branch, those intervals were stop’t with 
a little Diachylon, And to the doore, 
or,( if you please ) that part of the Valve 
which was to move to and fro, and in 
this Experiment hung perpendicular to 
the Horizon, there was, at a button of 
brass belonging to the Valve fasten'd a 
broad scale wherein weights were to be 
put. This done the key of the Stop-cock 
was turn’d, and the extetnall Air beating 
like a forcible streame upon the Valve 
to get.in there, it did suddenly both strut 
the Valve and keep it strut so strongly, 
that we had time to cast in diverse weights 
one after another into the Scale till at 
length the weight overpowering the pres­
sure of the Atmosphere,drew downe the 
Valve by the stringes that ty’d the Scale 
to it, and gave liberty to the outward Air 
to rush into the Receiver. Though a-

nother
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nother time, when the Valve had but lit0 
tie weight hanging at it, being,by I know 
not what accident,drawn dox^n beneath its 
former place, it was by the impetuous 
current of the outward Air suddenly im­
ped'd up into it again, and kept there. 
But in the former Experiment it is re­
markable,That though the Receiver were 
not well exhausted, and though it leak’d 
whifst the rest of the Experiment was in 
prosecution, and though the Valve 
whereon the Cylinder of the Atmosphere 
could press, were not above an Inch and 
a half in Diameter, yet the weight kept: 
up by suction, or rather supported by the 
Air, namely the Valve, the Seal and 
what was cast into it, being sent to be 
weigh’d, amounted to about ten of our 
common Pounds, consisting of sixteen 
Ounces apiece: So that we doubted not 
but that, had the Experiment been made 
with favorable Circumstances, the Air 
endeavoring to press in at the Orifice of 
the Stop-cock, would have kept a very 
much greater weight from falling out of 
it*, I fay the Air, because we found, by 
tryal purposely made, that neither the 
imperfect contact of the Valve and the 
Stop-cock, nor the Diachylon that was 

CL em-
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employ’d to fill up the little Crannies left 
betwixt them, were considerable in this 
Experiments by which may among other 
things appear, that I did not without 
cause in the above-nam’d Discourse touch­
ing Fluidity and Firmness, ascribe a great 
force, ev’nto such Pillars of Air as may 
be suppos’d to begin at the top of the 
Atmosphere, and recoyling from the 
ground to terminate on the Bodies on 
which they press: since in the present Ex« 
periment such a weight was supported by 
so slender a Cylinder of Air, rebounding 
from the Earth to the Valve whereon it 
did bear.

'Experl- T2Ut in regard we have not yet been 
rmnt 33.^ able to empty so great a Vessel as our 

Receiver, so well as we can the Cylinder 
it self 3 our Pump alone may afford us a 
nobles instance of the force of the Air we 
live in, insomuch, that by help of this 
part of our Engine, we may give a pretty 
near ghess at the strength of the Atmo­
sphere, computed as a weight. And the 
way may be this First, the Sucker be­
ing brought to move easily up and down 
the Cylinder, is to be impel I'd to the top

of
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of it: Then the Receiver must be taken 
oft from the Pump, that the upper Ori­
fice of the Cylinder remaining open, the 
Air may freely succeed the Sucker, and 
therefore readily yield to its motion 
downward. This done, there must be 
fasten d to one of the Iron Teeth of the 
Sucker, such a weight as may just suffice 
ro draw it to the bottom of the Cylinder. 
And having thus examin’d what weight is 
necessary to draw down the Sucker, when 
the Atmosphere makes no other then the 
ordinary resistance of the Air against its 
descent the Sucker must be again forc’d 
to the top of the Cylinder, whose upper 
Orifice must now be exactly doled • and 
then (the first weight remaining) we easi­
ly may, by hanging a Scale to the above* 
mention’d Iron (that makes part of the 
Sucker) cast in known weights so long, 
till in fpight of the reluctancy of the At ­
mosphere the Sucker be drawn doivh. For 
to these weights in the Scale, that of the 
Scale it self being added,the sum will give 
us the weight of a Column of Air, equal 
in Diameter to the Sucker, or to the ca­
vity of the Cylinder; and in length to 
theheighthof the Atmosphere.

According to this method we did,since 
Q^a the
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the writing
tempt to measure the pressure of the At­
mosphere, but found it more difficult then 
we expected, to perform it with any ac­
curateness ; for though by the help of the 
Manubrium the Sucker moved up and 
down with so much ease, that one would 
have thought that both its convex surface, 
and the concave one of the Cylinder were 
exquisitely smooth, & as it were slippery; 
yet when the Sucker came to be moved 
oneiy with a dead weight or pressure (that 
was not (like the force of him that 
pump’d; intended as occasion required) 
we found that the little rufneffes, or other 
inequalities, and perhaps too, the unequal 
pressure of the Leather against the cavity 
of the Cylinder, were able now and then 
to put a stop to the descent or ascent of 
the Sucker, though a very little external 
help would easily surmount that impedi­
ment ; and then the Sucker would, for a 
while, continue its formerly interrupted 
motion, though that assistance were with­
drawn. But this discouragement did not 
deterre us from prosecuting our Experi­
ment, and endeavoring, by a careful trialz 
to make it as instructive as we could. 
We found then that a Leaden Weight,

of



(139)
of 28 pounds (each consisting of sixteen 
Ounces) being fastned to one of the teeth 
of the Sucker, drew it down slowly e- 
nough; when the upper Orifice of the 
Cylinder was left open, though by the 
help of Oyl and Water, and by the fre­
quent moving the Sucker up and down 
with theeJManubrium, its motion in the 
Cylinder had been before purposely faci­
litated. This done, the upper Orifice of 
the Cylinder was very carefully and close­
ly stopp'd, the Valve being likewise Iliac 
with its wonted Stopple well oyl’d, af­
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 hundred and twelve pounds more; 
which forcing down the Sucker, though 
but leisurely, we took off the twenty 
eight pound weight; and being unable to 
procure just such weights as we would 
have had, we hung on, instead of it, one 
.of fourteen pound, but found that, with 
the rest, unable to carry down the Sucker. 
And to satis fie our selves, and the Spe­
ctators, that it was the resistance of the 
ambient Air that hinder’d the descent of 
so great a weight, after that we had try’d 
that upon unstopping the Valve, and 

0,3 there-
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thereby opening an access to the external 
Air, the Sucker would be immediately 
drawn down: After this, Isay, we made 
this further Experiment, That having by 
a Man's strength forcibly depress’d the 
Sucker to the bottom of the Cylinder, 
and then faftned weights to the above- 
named Iron that makes part of that Suc­
ker, the pressure of the external Air find­
ing little or nothing in the cavity of the 
evacuated Cylinder to refits it, did pre­
sently begin to impell the Sucker, with 
the weights that clogg'd it, towards the 
upper part of the Cylinder, till some 
such accidental Impediment as we former­
ly mention’d, check’d its course; and 
when that rub,which easily might be, was 
taken out of the way, it would continue 
its ascent to the top, to the no (mill won­
der of those By- slanders, that could not 
comprehend how such a weight could as­
cend, as it were, of it self that is, with­
out any visible force, or so much as Su­
ction to lift it up. And indeed it is very 
considerable, that though possibly there 
might remain some particles of Air in the 
Cylinder, after the drawing down of the 
Sucker; yet the pressure of a Cylinder of 
the Atmosphere 3 somewhat less then

three
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three Inches in Diameter (for, as it was 
said in the description of our Engine, the 
cavity of the Cylinder was no broader) 
wasable,uncompress'd,notonly to sustain, 
but even to drive up a weight of an hun­
dred and odde pounds: for besides the 
weight of the whole Sucker it self, which 
amounts to some pounds, the weights an­
nexed to it made up a hundred and three 
pounds, besides an Iron Bar, that by con­
jecture weighed two pounds more; and 
yet all these together fall somewhat short 
of the weight which we lately mention'd, 
the resistance of the Air to have held su­
spended in the cavity of the Cylinder.

And though (as hath been already ac­
knowledg'd) we cannot, peradventure, 
obtain by the recited means so exact an 
account as were to be wilh’d, of what we 
would discover: Yet, if it serve us to 
ground Conjectures more approaching to 
the Truth, then we have hitherto met 
with, I hope it will be consider'd (which 
a famous Poet judiciously fays)

Eftquoddwt prodire terns, ft non da- 
tar ultra,,

Peradventure it will not be imperti- 
0^4 . nent



nentto annex to the other Circumstances 
that have been already set down concern­
ing this Experiment, That it was made in 
Winter, in Weather neither Frosty nor 
Rainy, about the change of the Moon, 
and at a place whose latitude is near about 
5ldania half: For perhaps the force or 
pressure of the Air may vary, according 
to the Seasons of the Year, the tempera­
ture of the Weather, the elevation of the 
Pole, or the phases of the Moon ; all,or 
even any of them seeming capable to al­
ter either the heigh th or consistence of the 
incumbent Atmoiphere: And therefore 
it would not be amiss if this Experiment ' 
■were carefully tryd at several times and 
places,rvith variety of Circumstances. It 
might also be try’d with Cylinders of se­
veral Diameters, exquisitely fitted with 
Suckers, that we might know what pro­
portion several Pillars of the Atmosphere 
beat, to the Weights they are able to su­
stain or lift upand consequently, whe­
ther the increase or decrement of the re­
sistance of the ambient Air, can be re­
duc’d to any regular proportion to the 
Diameters of the Suckers: These , and 
divers other such things which may be 
try'd with this Cylinder, might most of

them
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them be more exactly try’d by the Torri- 
cellian Experimental we could getTubes 
so accurately blown and drawn, that the 
.Cavity were perfectly Cylindrical.

To dwell upon all the several Refle­
ctions , that a speculative Wit might 
make upon this and the foregoing Expe­
riment, (I mean the thirty third and thir­
ty second) would require almost a Vo­
lume whereas our occasions will scarce 
allow us time to touch upon three or 
four of the chief Inferences that seem de. 
ducible from them,and therefore we shall 
content our selves to point ac those 
few,

And first, as many other phenomena, 
of our Engine, so especially, the two 
lately mention’d Experiments, seem ve­
ry much to call in question the receiv’d 
Opinion of the Nature or Cause of Su- 
ction.For stis true indeed,that when men 
fuck, they commonly use some manifest 
endeavour by a peculiar motion of their 
.Mouthes,Chests,and some other conspi­
ring parts , to convey to them the body 
to be suckc in. And hence perhaps they 
have taken occasion, to think that in all

Suction
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Section there must be some Endeavour 
or motion in the slicking to attract the 
sucked Body. But in our last Experi­
ment it appeares not at all how the up­
per part of the empty’d Cylinder that re- 
maines moveless all the while , or any 
part of it, does at all endeavour to draw 
to it the depressed Sucker and the an­
nex’d weights. And yet those that be­
hold the ascention of the Sucker, without 
seriously considering the cause of it, doe 
readily conclude it to be rayf'd by some­
thing that powerfully Sucks or attracts 
it, though they fee not what that may 
be or where it lurks. So that it seemes 
not absolutely necessary to Suction, that 
there be in theBody,which is said to fuck- 
an endeavor or motion in order thereun - 
to,but rather that Suction may be at least 
for the most part reduc'd to Pulsion, and 

, its effects ascrib'd to such a pressure of 
the-neighboring air upon those Bodies 
( whther aerial,or of other Natures) that 
are contiguous to the Body that is layd to 
attract them,as is stronger than that Sub­
stance which posteffes the cavity of that. 
fucking Body is able to resist. To ob­
ject here, that it was some particles of 
Air remaining in the empty’d Cylin-
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dev that attracted this weight to obviate 
a Vacuum, will scarce be fatisfactory^un- 
lefs it can be cleerly made out by whatli-. 
tie hooks,or other grapplinglnstruments, 
the internal Air could take hold ofthe 
Sucker; how so litle of it obtain'd the 
force to lift up so great a weight-, and why 
also, upon the letting in of a litle more 
Air into one of our evacuated Ves­
sels , the attraction is, instead of being 
strengthen’d, much weaken’d, though, 
if there were danger of a Vacuum be­
fore , it would remain, notwithstanding 
this ingress of a little Air. For that still 
there remain’d in the capacity of the ex­
hausted Cylinder store of little rooms, 
or spaces empty or devoid of Air, may 
appear by the great violence wherewith 
the air rushes in,if any way be open’d to it. 
And that ’tis not so much the decrement 
of the Vacuum within the cavity of the 
vessel that debilitates theattraction,as the 
spring of the included air (whose presence 
makes the decrement) that does it by 
residing the pressure of the external Air, 
seems probable, partly from the Disabi­
lity of vacuities,whether greater or lesser, 
to relist the pressure of the Airland part­
ly by some of the Hh&nomena of our Ex­

periments
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periments, and particularly by this 'Cir­
cumstance of the three and Thirtieth 
that the Sucker was by the pressure of the 
Ambient Air imped'd upwards, with its 
weight hanging at it, not only when it 
was at the bottome of the Cylinder, and 
consequently left a great Vacuum in the 
cavity of it*, but when the Sucker had 
been already impel’d almost to the top of 
the Cylinder,and consequently,when the 
Vacuum that remain’d was become very 
litle in comparison of that which preceded 
the beginning of the Sucker’s afcention.1

In the next place, these Experiments 
may teach us, what to judge of the vul­
gar Axiom receiv’d for so many Ages 
as an undoubted Truth in the Peripate- 
tick Schools ^ That Nature abhorres 
and flys a Vacuum, and that to such a de­
gree, that no humane power (to go no 
higher ) is able to make one in the Uni­
verse ; wherein Heaven and Earth would 
change places, and all its other Bodyes 
.rather ads contrary to their own Nature, 
than suffer it. For, if by a Vacuum we 
will underfhnd a place perfectly devoid 
of all corporeal Substance, it may be in­
deed then, as we formerly noted, be plau­
sibly enough maintain’d, that there is
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no such thing in the world $ but that the 
generality of the Plenists, ( especially till 
of late yeares some of them grew more 
wary ) did not take a Vacuum in so strict 
a Sense, may appear by the Experiments 
formerly, and ev’n to this Day imploy'd 
by the Deniers of a Vacuum, to prove it 
impossible that there can beany made. 
For when they alleadge ( for Instance) 
that when a man fucks Water through a 
long Pipe, that heavy Liquor, contrary 
to its Nature, ascends into the Sucker's 
mouth, only, to fill up that room made 
by the Dilatation of his Brest and 
Lungs, which otherwise will in part be 
empty. And when they tell us, that the 
reason why if a long Pipe exactly 
dos'd ac one end be fill'd top-ful 
of Water, and then inverted, no Liquor 
will fall out of the open Orifice; Or , to 
use a more familiar Example, when they 
teach, that the cause why in a Gardiner's 
watering Pot shap’d conically, or like a 
Sugar-Loaf fill’d with Water, no Liquor 
sals down through the numerous holes 
at the bottome,whilst the Gardiner keeps 
his Thumb upon the Orifice of the litle 
hole at the top; and no longer, must be 
that if in the cafe proposed the Water

should
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should descend, the Air being unable to 
succeed it, there would be left at the up­
per and deserted part of the Vessel a Va­
cuum , that would be avoided if the hole 
at the top were open’d. When (I say ) 
they alleadge such Experiments, the 
Tendency of them seems plainly to im­
port , that they mean, by a Vacuum, any 
space here below that is not fill'd with a 
visible body, or at least with Ait; though 
it be not quite devoy’d of all Body what­
soever. For why should Nature, out of 
her detestation of a Vacuum, make Bo­
dies act contrary to their own Tendency» 
that a place may be sill'd with Air, if its 
being so were not necessary to the avoi­
ding of a Vacuum.

Taking then a Vacuum in this vulgar 
and obvious senes:, the common opinions 
about it seems lyable to several Exce­
ptions , whereof some of the chief are 
suggested to us by our Engine.

It will not easily then be intelligibly 
made out, how hatred or aversation, 
which is a passion of the Soule, can either 
for a Vacuum,or any other object,be sup­
pos'd to be in Water, or such like inani­
mate Body , which cannot be presum'd 
m know when a Vacuum would ensue; if
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they did not bestirre themselves to pre­
vent it, nor to be so generous as to act 
contrary to what is most conducive to 
their own particular preservation for the 
publique good of the Universe. As much 
then of intelligible and probable Truths 
as is contain'd in this-Metaphorical! Ex­
pression , seems to amount but to this; 
That by the Wife Author of Nature 
( who is justly fayd to have made all 
things in number, weight,and measure,) 
the Universe, and the parts of it, are to 
contriv'd, that it. is as hard to make a Va~ 
cuiim in it, as if they studiousty conspir'd 
to prevent it. And how far this it seise 
may be granted, deserves to be further 
consider'd.

For in the next place,our Experiments 
seem to teach, that the supposed Averfa- 
tion of Nature to a Vacuum is but acci­
dental , or in consequence partly of the 
Weight and Fluidity, or, at least, Fluxi- 
lity of the Bodies here below,and partly, 
and perhaps principally, of the Spring of 
the air, whole restless endeavor to expand 
it seise every way , makes it either rush 
in it seise, or compel the interpos’d bo- 
dys into all spaces,where it finds no grea­
ter resistance than it can surmount. And

that
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that in those “motions which are made oB 

frtgamVacui{as the common phrase is)Bo» 
dys act without such generosity & Con= 
sideration, as is wont to be ascrib’d to 
them, is apparent enough in our z iA Ex­
periment, where the torrent of Air, that 
seem’d to strive to get into the Empty’d 
Receiver, did plainly prevent its own 
Designe, by so impelling the Valve, as 
to make it shut the only Orifice the Air 
was to get in at. And it afterwards ei­
ther Nature, or the internal Air,had a de­
signe the external Air .should be attra­
cted , they seem’d to prosecute very un­
wisely by continuing to suck the Valve 
so strongly, when they found that by 
that Suction the Valve it seise could not 
be drawn in : Whereas by forbearing to 
fuck, the Valve would by it's own weight 
have fall’n down, and suffer'd the exclu­
ded Air to returne freely , and to fill 
again the exhausted Vestel.

And this minds me to take notice of 
another deficiency,pointed at by our Ex­
periments in the common Doctrine of 
those Plenists we reason with • for many 
of those unusual motions in Bodies, than 
are sayd to be made to escape a Vacuum, 
seem rather made to fill it, For why,

to
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to instance- in our newly mention’d Ex­
periment a (Toon as the Valve was de­
press’d by the weight we hung at it * 
should the Air so impetuously and copi­
ously rush into the cavity of the Receiver; 
if there were before no vacant room there 
to receive it? and if there were,then all the 
while the Valve kept out the Air, those 
litle spaces in the Receiver, which the 

'corpuscles of that Air afterwards fill’d „ 
may be concluded to have remain’d em­
pty. So that the seeming violence 
imploy’d by Nature on the occasion of 
the evacuating of the Vessel, seems to 
have come too late to hinder the making 
of Vacuities in the Receiver, and only 
to have , aslbon as we permitted, fill'd 
up with Air those that were already' 
made. '

And as for the Care of thePublique 
Good of the Universe ascrib’d to dead 
and stupid Bodies, wee shall only de­
mand, why in our 151rh Experiment, upon' 
the Exfuctionof the ambient Air,, the 
Water deserted the upper half of the; 
Glass-Tube and did riot ascend to fill 
it up, till the external Air was let in upon 
it: whereas by its easy and sudden regai-. 
ning that upper part of the Tube, ir 
'- R appear’d
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appear’d both that there was there much 
space devoid of Air, and that the Water 
might with small or no resistance have 
ascended into it, if it could have done so 
without the impulsion of the readmitted 
Air; which, it seems, was necessary to 
mind the Water of its formerly neglected 
Duty to the Universe.

,.Nay, for ought appeares, ev’nwhen 
the excluded Air, asi'oon as ’twas per­
mitted , rufht violently into our exhau­
sted Receiver, that flowing in of the 
Air proceeded rather from the deter­
minate Force of the Spring of the 
neighbouring Air, then from any endea­
vour to fill up, much less to prevent va­
cuity’s . For though"when as much Air as 
will, is gotten into our Receiver our pre­
sent Opponents take it for granted that 
it is full of Air-, yet if it be rcmembred 
that when we made our 17th Experiment 
we crouded in more Air to our Receiver 
thaq it usually holds; and if we also con­
sider ( which is much more) the Air of 
the. fame consilience with that in our 
Receiver may in wind- guns, as is known, 
and as we have try'd, be compressed at 
least into halfe its wonted room (I fay at 
least, because some affirme, that the Air

may
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may be thrust into an 8th, or a yet smaller 
part of its ordinary ex tent ) it seems ne- 
cestary to adm it either a notion of conden­
sation & rarefaction that is not intelligi­
ble, or that in the capacity of our Recei­
ver when presum'd to be full ot Air,there 
yet remain'd as much of space as was ta­
ken up by all the aerial corpuscles unpos­
sessed by the Air. Which feemes plainly, 
to infer that the Air that’rulh’d into our 
empty’d vessel did not doe it precisely 
to Ell up theVacuities of it,Ence it left so 
many unfill’d -but rather was thrust in by 
the pressure of the contiguous Air; wliich 
as it could not, but be always ready to ex­
pand it seise, where it found least resi­
stance , so was it unable to fill the Recei­
ver any more, then until the Air within 
was reduc’d to the fame measure of Com­
pactness with that without.

We may also from our two already of­
ten mention’d Experiments further de» 
duce, that, ( fince Natures hatred of a 
Vacuum is but Metaphorical and Ac­
cidental , being but a consequence or re­
sult of the pressure of the Air and of the 
Gravity, and partly also of the Fluxility 
of some other bodies ) The power slice 
m akes use of to hinder a Vacuum, is not;

R t (as



(254)
( as we have el fe-where also noted) any 
such boundless thing as men have been 
pleas’d to imagine. And the reason, why 
in the former Experiments, mentioned 
in favour of thePlenists, Bodies seem to 
forget their own Natures to shun a Va­
cuum , seems to be but this; 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 
surmount the pressure of the contiguous 
Air; which, tf it had been, the Water 
would have subsided,though noAir could 
have succeeded. F or not to repeat that 
Id x peri men t of Monsieur Paschal (for­
merly mention’d to have been try’d in a 
Glass exceeding 32, Foot) wherein the 
inverted.Pipe being long enough to con­
tain a competent weight of Water, that 
Liquor freely ran out at the lower Orifice? 
Not to mention this (I say) we saw in 
our nineteenth Experiment, that when 
the pressure of the ambient Air was suffi­
ciently weaken’d, the Water would fall 
out apace at the Orifice even of a short 
Pipe, though, the Air could not succeed 
into the room deserted by it. And it were 
not amiss if tryal were made on the tops 
of very high Mountains, to discover with

what
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What ease a Vacuum could be made near 
the confines of the Atmosphere, where 
the Air is probably but light in compari­
son of what it is here below. But our 
present ('three and thirtieth) Experiment 
seems to manifest, not onely that the 
power, exercis’d by Nature,to shun or re­
plenish a'Vacuum, is limited, but that it 
may be determin’d even to Pounds and 
Ounces: Insomuch that we might say, 
such a weight Nature will sustain or will 
lilt up to resist a Vacuum in our Engine; 
but if an Ounce more be added to that 
.weight, it will surmount Her so much 
magnisi'd detestation of Vacuities. And 
thus, My Lord, our Experiments may 
not onely answer thole of thePlenists,- 
but enable us to retort their Arguments 
against themselves: since, if that be true 
which they alleadge, that, when Water 
falls not down according to its nature, in 
a Body wherein no Air can succeed to fill 
up the place it must leave, the suspensi­
on of the Liquor is'made Ne dctnr Vacu­
um, (as they speak) it will follow, that 
if the Water can be brought to subside 
in such a cafe, that deferred space may be 
deem’d empty, according to their own 
Doctrine; especially, since Nature (as 

R 3 they
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£hey would pcrfwade us) bestirs her self 
so mightily to keep it from being de­
serted.

I hope I lhall not need to reminde Your 
Lordship, that I have all this while been 
speaking of a Vacuum, not in the strict 
and Philosophical sense,but in that more 
obvious and familiar one that has been 
formerly declar'd.

And therefore I shall now proceed to 
observe in the last place, that our 3 3d Ex­
periment affords us a notable proof of the 
unheeded strength of that pressure which 
is sustain’d by the Corpuscles of what we 
call the free Air, and presume to be un­
compress'd- For, as fluid and yielding a 
Body as it is, our Experiment teaches us, 
That ev’n in our Climate, and without 
any other compression then what is (at 
least here below) Natural, or (to speak 
more properly) ordinary to it, it bears so 
strongly upon the Bodies whereunto it is 
contiguous, that a Cylinder of this free 
Air, not exceeding three Inches in Dia­
meter is able to raise and carry up a 
weight, amounting to between sixteen 
and seventeen hundred Ounces. I said,

even
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even in our Climate, because that is tem- 
perate enough; and as far as my obsei> t«tdm mir, 
vations: assist me to conjecture, the Air in wtrju- 
many other more Northern Countries 
may be much thicker, and able to support adto qui- 
a greater weight: which is not to be 
doubted of, if there be no mistake id q„od ndga 
what is Recorded concerning the HolUn- in i'0Ul 
ders, that were forc’d by the Ice to Win- 
ter in Nova Zcmbla , namely, That dibus fas 
they found there so condens'd an Air,that 
they could not make their Clock goe,'MVwoz«" 
ev’n by a very great addition to the ctUmmt 
weights that were wont to move it. ‘fvJs’p!!--
dut ei addidifl'm qiirn nntea fern folebat. Varcnius Geo: Genevat lib, 
in. Propo: 7. pag. 648.

I suppose Your Lordship will readily: 
take notice, that I might very easily have 
discoursed much more fully and accuratly 
then I have done, against the common o- 
pinion touching Suction,and touching na­
tures hatred of a Vacuum. But I was willing 
to keep myself to those considerations 
touching these matters,that might be ve-' 
rifl’d by ourEngine it felf,efpecially,since, 
as I said at first,it would take up too much 
time to insist particularly upon all the Re­
flections that may be made even upon our 
two last. Experiments. And ^therefore, 

R 4 ' pas-



Expert- **p Is a known thing to those that are con- 
mcfit 34. 1 versant in the Hydrostaticks, Thar 

two Bodies which in the Air are of equal- 
weight, but of unequal bulk, as Gold, 
for instance and Iron, being afterwards 
weighed in Water, will lose their Equi­
librium upon the change of the ambient: 
Body, so that the Gold will fink lower 
then the Iron; which, by reason of its 
greater bulk, has more Water to lift 
or displace, that it may sink. By Analogy 
to this Experiment, it seem’d probable, 
that if two weights did in our Engine 
ballance each other, when the Glass was 
full of Air; upon the exsuction of a 
great part of that Air, so notable a change 
m the consistence of the ambient Body,

would

passing to the next, I shall leave it;to'your 
Lordship to consider how far .these tryafs 
of ours will either confirm ,or-disfavor 

' ■ the new Doctrine of several eipipent l^a- 
: turalists, who teach, That in all motion 
there is necessarily a Circle of Bodies, as 
they speak,. moving together -, and whe­
ther the Circles in such motion be an.Ac- 
ddentai or Consequential thingor no.

(rz8)
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would make them lose their Eqaili-
bthm. i -• . o>

But being desirous at the fame time to 
make a tryal, for a -certain Design that 
needs not here be mention’d, we tbok 
for one of our weights a dry Bladder, 
strongly tyed'.at the-Neck, and about 
half fill’d with Air (that being a weight 
both-ifight, and that would expand it 
self in the evacuated Glass j andiastning 
that to one part of our formerly menti­
on’d exadf ballance (which turns with the 
3 2d,part of a Grain) we put a Metalline 
counterpoise into the opposite Scale-, and 
so the two weights being brought to art 
Equilibrium^ the, ballance was convey’d 
into the Receiver,and suspended from the 
Cover of it. . ;b Lof
"But before we proceed further, we must 
note. That presently after the laying on 
of the Cover,-'the Bladder appear'd to 
preponderate,whereupon the Scaks-being 
taken out,and reduc’d very near to-an 
quilibritm, yet so,- that a little advantage 
remain’d on that side to which the- Metal­
line weight belong'dthey were again let 
down into the Receiver,: which was pre­
sently made fast with Plaister,; and a hor. 
Iron t Soon after phidi, before the Pump 

........ . was
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was employ’d, the Bladder seem’d agalri 
a little to preoonderate. Afterwards 
the An in the Glass-being begun robe 
drawn.out, the Bladder began f according 
to the formerly mention'd Observations) 
to ex pand it self, and manifestly to out­
weigh the opposite weight, drawing 
down the Scale to which it was taftned 
very much beneath the other, especially 
when the Air had fwell'd it to its full ex-

i jQ i'J J 1 7." ’

This done, we very leisurely let-in the 
external Air; and observ’d, that; upon 
thefhgging of the Bladder, the Scale 
whereto it was fastned, not onely by de­
grees return’d to zwzÆquilibrium with the 
other, but at length- was a little out­
weighed by it.

But because we suspected there 
might have interven'd some unheeded 
Circumstance in this last part of the Ex-s 
periment, we would not presently take 
out the Scales,nor meddle with the Co­
ver, but leaving things as they were, we 
perceiv'd, that after a little while the 
Bladder began again to preponderate, and 
by degrees to fink lower and lower for 
divers hours; wherefore, leaving the 
Vessel clos’d up all night, we repair’d to ic

next
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next Morning, and found the Bladder 
fallen yet lower. As if the very substance 
of it, had imbibed some of the moisture 
wherewith the Air (the Season being ve­
ry rainy) did then abound : As Lute­
strings, which are made likewise of the 
Membranous parts of Guts, strongly 
wreath'd, are known to swell so much, 
oftentimes as to break in rainy and wet 
weather. Which conjecture is the more to 
be regarded, because congruously unto it 
one of the company having a little warm'd 
the Bladder, found it then lighter then 
the opposite weight. But this must be 
look’d upon as a bare conjecture, till we 
can gain time to make further tryals about 
it. In the mean while we shall adde, that 
without removing the Scales or the Co­
ver of the Receiver, we again caus'd the 
Air to be drawn out (the. weather conti- 
ing very inoist)but found not any manifest 
alteration in the ballance; whether be­
cause the Equilibrium was too far lost to 
let a small change appear, we determine 
not.

But to make the Experiment with a 
Body less apt to be altered by the tempe­
rature of the Air, then was the Bladder; 
We brought the Scales again to an Equi­

librium
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librium with two weights, whereof the 
one was of Lead,the other of Cork. And 
having evacuated the Receiver,we obser­
ved,^ that both upon the exsuction, and 
after the return of the Air, the Cork did 
manifestly preponderate, and much more 
a while after the Air had been let in again, 
then whilst it was kept out. Wherefore, 
in the room of the Cork, we substituted 
a piece of Char- coal, as less likely to im­
bibe any moisture from the Air, but the 
event proved much the fame with that: 
newly related: So that this Experiment: 
seems more liable to Casualties then any, 
excepting one we have made in our En­
gine. And as it is difficult to prevent 
them, so it seems not very eafie to dis­
cover the causes of them, whereof we 
shall therefore at present forbear mention­
ing our Conjectures, -

Experl- QOme Learned Mathematicians have of
mem 3 5-0 iate ingeniously endeavored to reduce 

Filters to Siphons; but still the true cause 
of the ascension of Water, and other Li­
quors, both in Siphons and in Filtration, 
needing (for ought we have yet found) a 
clearer Discovery and Explication, we 

" were
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were desirous to try whether or no the 
pressure of the Air might reasonably be 
suppos'd to have either the principal,or at 
least a considerable Interest in the raising 
of those Liquors. But because we found 
that we could not yet so evacuate our Re­
ceiver , but that the remaining Air, 
though but little in comparison of the 
exhausted, would be able to impel! the 
the Water to a greater height then is 
usual in ordinary lustrations: we resolved, 
instead of a List of Cotton, or the like 
Bistre, to make use of a Sis hon of Glass, 
delineated in the third Figure, consist­
ing of three pieces, two straight, and 
the third crooked to joyn them toge­
ther whose Junctures were diligently 
clos’d, that no Air might sinde entrance 
at them. One of the Legs of this Si­
phon was fas it Should be) somewhat 
longer then the ocher, and was pervious 
at the bottom of it onely, by a hole al­
most as slender as a hair, that the 
Water might but very leafurely drop 
out of it, lest it should all run out 
before the Experiment were compleat- 
ed. The other and shorter Leg of 
the Siphon was quite open at she end, 
and of the fame wi-.ieneste with the

rest
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rest of the Pipe, whose bore was about - 
of an Inch. The whole Siphon made 
up of these several pieces put together, 
was design'd to be about a Foot and a 
half long , that the remaining Air, when 
the Vestel was exhausted after the wont­
ed manner, might not be able to impel! 
the Water to the top of the Siphon 3 
which being inverted, was fill’d with Wa­
ter , and of which the Shorter leg being 
let down two or three Inches deep into a 
Glass Vestel full of Water, and the up­
per parts of it being fasten’d to the infids 
of the Cover of the Receiver, we pro­
ceeded to close first, and then to empty 
the Vestel.

The effect of the tryal was this, that 
till a pretty quantity of Air had been 
drawn out, the Water dropp-d freely out 
at the lower end of the lower leg of the 
Siphon, as if the Experiment had been 
performed in the free Air. But afterwards, 
the Bubbles fas had been apprehended) 
began to disclose themselves in the Wa­
ter, and ascending to the top of the Si~ 
fhon, imbodyed themselves there into 
one, which was augmented little by little 
by the rising of other bubbles that from 
time to time broke into it, but much

more
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more by its 'own dilatation, which en* 
creas'd proportionally to the exfuction 
that was made ot the Air out of the Re­
ceiver. So that at length the Water in 
the shorter Leg ot the Siphon. was re­
duc'd partly by the extraction of the am­
bient Air, and partly by the expansion 
of the great Bubble at the upper parrot 
the Siphon, to be but about a boot high, 
if so much; whereby it came to pass, 
that the course ot the Water in the Si­
phon was interrupted, and that which re­
main'd in the longer Leg of it, continu'd 
suspended there without dropping any 
longer. But upon the turning ot the 
Stop-cock, the outward Air (being let 
into the Receiver) got into the Siphon by 
the little hol^ at which the Watei former­
ly dropt out; and traversing all the in­
cumbent Cylinder of Water, in the form 
of Bubbles, joyn'd itself with that Air 
that before possess’d the top of the Si­
phon.

To prevent the inconveniences arising 
from these Bubbles,two Glass Pipes,like 
the former, were so placed, as to termi­
nate together in the midst of the Belly of 
a Glass Viol, into whose Neck they 
were carefully fastned with Cement; and

then
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then both the Viols and the Pipes beitig 
(which was not done without difficulty) 
totally fill'd with Water, the Siphon 
describ’d in the fifth Figure, was plac’d 
with its shorter Leg .in the Glass of Wa­
ter, as formerly ; and the Experiment be­
ing prosecuted after the fame manner, 
much more Air then formerly was drawn 
out, before the Bubbles disclosing them­
selves in the Water were able to disturb 
the Experiment • because that in the ca­
pacity of the Viol there was room enough 
for them to stretch themselves, without 
depressing 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
pty d, the passage of the Water through 
the Siphon ceas’d, the upper ends of the 
Pipes beginning to appear a little above 
the remaining Water in the Viol, whose 
dilated Air appear’d likewise to press 
down the Water in the Pipes, and fill the 
upper part of them. And hereby the con­
tinuity of the Water, and so the Expe­
riment it self being interrupted, we were 
invited to let in the Air again, which, ac­
cording to its various proportions of

pressure



(2 6?)
pressure to that of the Air in the Viol 
and the Pipes, did fora good, while exhi- 
bite a pleating variety of Phenomena, 
which we hafre not now the leisure to re­
cite. And though upon the whole mat­
ter there seem’d little or no cause to 
doubt, but that, if the Bubbles had not 
disturb’d the Experiment, it would manb 
feftly enough have appear’d that the 
course of Water through Siphons de­
pends upon the pressure of the Air: yet 
were solv’d, at our next leisure 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 occasion I have hadtd take notice 
of Siphons, puts me in minde of anodde 
kinde of Siphon that I caus’d to be made 
a pretty while ago; and which has been 
•since, by an Ingenious Man of Your ac­
quaintance, communicated to divers o 
thers. The occasion was this, An emi­
nent Mathematician told me one day,that 
some inquisitive French Men (whose 
Names I know not) had observ'd, That, 
in cafe one end of a slender and perforated 
Pipe of Glass be dipt in Water, the Li- 

S quor
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quor will ascend to some height in the 
‘Pipe, though held perpendicular to the 
plain of the Water. And, to satis fie me 
that he mi's-related not the Experiment;, 
he soon "after brought two or three 
small Pipes of "Glass, which gave me the 
opportunity of trying it: though I had 
the less reason to distrust; it, because I re­
member I had otten in the long and slen­
der Pipes of some Weather Glasses, 
which I had caus'd to be made after a 
somewhat peculiar fashion", taken notice 
of the like ascension of-- the Liquor, 
though (presuming it might be casual) I 
had made but little reflection upon it. But 
after this tryal, beginning to suppose, that 
though the Water in these Pipes that 
were brought me, rife not above a quar­
ter of an Inch, (if near so high) yet, if 
the Pipes were made slender enough, the 

r Water might rise to a very much greater 
height; I causd several of them to be,by 

,a dexterous Hand, drawn out at the flame 
of a Lamp, in one of which that was 
-almost incredibly slender, we found that 
-the Water ascended (as it were of it self) 
five Inches by" measure, to the no small 

•wonder or some famous Mathematicians, 
who were Spectators ot some of these

E»
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Experiments. And this height the Wa« 
ter reach'd to, though the Pipe were held 
in as erected a posture as we could: For if 
it were inclin'd, the Water would fill a 
greater part of it, though not rife higher 
in it. And we also found, that when the 
inside of the Pipe was wetted before­
hand, the Water would rife much better 
then ocherways: But we caus’d not all 
our slender Pipes to be made straight, but 
some of them crooked,like SiphonsAnd 
having immers’d the shorter Leg of one 
of these into a Glass that held some fair 
Water, we found, as we expected, that 
the Water arising to the top of the Si­
phon, though that were high enough, did 
of it self rundown the longer Leg, and 
continue running like an ordinary Siphon. 
The cause of this ascension of the Wa­
ter, appear’d to all that were present so 
difficult,that I must not stay to enumerate 
the various Conjectures that were made 
at it, much less to examine them; espe­
cially, having nothing but bare Conje­
ctures to substitute in the room of those 
I do not approve. We try'd indeed, by 
conveying a very slender Pipe and a small 
Vestel of Water into our Engine, whe­
ther or no the Exsuction of the ambient

S L Air
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Air would assist us to stride the cause of 
the ascension we have been speaking of: 
But though we imploy'd red Wine in­
stead ot Water, yet we could scarce cer­
tainly perceive thorow so much Glass, as 
was interpos'd betwixt our Eyes and the 
Liquor, what happen'd in a Pipe so slen­
der, that the redness of the Wine was 
scarce sensible in it. But as far as we could 
discern, there happen’d no great altera­
tion to the Liquor: which seem’d the less 
strange, because the Spring of that Air 
that might depress the Water in the Pipe, 
was equally debilitated with that which 
remain'd to press upon the surface of the 
Water in the little Glass. Wherefore, in 
favor of his Ingenious Conjecture who 
ascrib’d the Phenomenon, under conside­
ration to the greater pressure made upon 
the Water by the Air without the Pipe, 
then by that within it, (where so much of 
the Water (consisting perhaps of Corpu­
scles more pliant to the internal surfaces of 
the Air) was contiguous to the sides) it 
was shown, that, in case the little Glass 
Vessel that held the Water,, of which a 
part ascended into the slender Pipe, were 
so clos’d,thata Man might with his mouth 
fuck the Air out of it, the Water would 

$ d inv
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immediately subside in the small Pipe* 
And this would indeed infer, that it aft- 
cended. before onely by the pressure of 
ihe incumbent Air: But that it may 
show justly I know not) be objected, 
that peradventure this would not hap­
pen, in cafe the upper end of the Pipe 
were in a Vacuum : And that ’tis very 
probable the Water may subside, not 
because the pressure of the internal Air 
is taken off by Exsuction, but by reason 
of the Spring of the external Air, 
which impels the Water it sindes in its 
way to the Cavity deserted by the 
other Air, and would as well impel! 
the same Water upwards, as make it 
subside, if it were not for the acci­
dental posture of the Glasses. How- 
ever, having not now leisure to exa­
mine any further this Matter, I stall 
onely minde Your Lordship, that if 
You will prosecute this Speculation, 
it will be pertinent to since out likewise, 
Why the surface of Water fas is manifest 
in Pipes) uses to be concave, being de­
press'd in the middle, and higher on eve­
ry side ? and Why in Quick-silver on the 
contrary, not onely the surface is wont

S j eq
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lo be very convex, or swelling, in the 
middle but if you dip the end of a (len­
der Pipe in it, the surface of the Li­
quor (as ’tis call’d) will be lower within 
the Pipe, then without- Which Pheno­
mena, whether, and how far, they may 
be deduc’d from the Figure of the Mer­
curial Corpuscles, and the Shape of the 
Springy Particles of the Air, I willingly 
leave to be consider’d,

Expert-' OEveral ways we have met with pro- 
mnt $6. O pof’d, partly by the excellent Galileo, 

and partly by other ingenious Writers, 
to manifest that the Air is not devoid of 
weight; some of these, require the previ­
ous absence of the Air to be weighed;

■ and others, the violent condensation of it. 
But if we could lift a pair of Scales above 
the Atmosphere, or place them in a Va­
cuum, we might there weigh a parcel of 
Air it self, as here we do other Bodies in 
the Air, because it would there be heavi­
er then that which surrounds it, as are 
grosser Bodies we commonly weigh, then 
the medium or ambient Air. Where­
fore, though we have above declin’d to 
affirm, that our Receiver, when empty-

ed.
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ed, deserves the name of a true Vacuum; 
and though we cannot yet perfectly free 
it from Air it self, yet we thought fit to 
try how far the Air would manifest its 
gravity in so thin a medium, as we could 
make in our Receiver, by evacuating it: 
We caus’d then to be blown at the Flame 
of a Lamp, a Glass-bubble of about 
the bigness of a small Hen-egge, and of 
an Oval form, save that at one end there 
was drawn out an exceeding slender Pipe, 
that the Rubble might be seal'd up, with 
as little rarifaction as might be, of the 
Air included in the great or ovall Cavi­
ty of it. /This Glass being seal’d, was fa­
stened to one of the Scales of the exact 
pair of Baliances formerly mention’d 5 
and being counterpois’d with a weight of 
Lead, was convey'd into the Receiver, 
and clos’d up in it. The Beam appearing 
to continue Horizontal, the Pump was set 
awork, and there scarce past above two 
or three Exfuctions of the Air, before 
the Ballance lost its ^/Equilibrium, and 
began to incline to that fide on which 
the Bubble was; which, as the Air was 
further and further drawn out, did mani­
festly more and more preponderate, till 
he that pump’d began to grow weary of 

S 4 'his
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his Imployment: after which the aire be­
ing leafurelylet inagaine, the scales by 
degrees returned to their former Eqnili- 
briumSKitzx that we tooke them out^and 
casting into that scale to which the lead 
belong’d three quarters of a grain, we 
convey’d the ballance into the Recei­
ver, which being closed up, and exhau­
sted as before , we observ’d, that as the 
aire was drawne out more and more, so 
the glaste bubble came neererand neer- 
cr to an Equilibrium with the other 
weight, till at length the beame was 
drawne to hang horizontal!; which (as 
we had found by another tiyall) wee 
could not bring it to do, when a quar­
ter of a Graine more was added to 
the scale, to which the lead belong’d: 
though it seem’d questionleffe, that if 
wee could have perfectly empty’d the 
Receiver of the contain'd aire, that in­
cluded in the bubble would have weigh­
ed above a grain, notwithstanding its 
having been probably somewhat Rati­
fy’d by the flame by the help of which, 
the bubble was feald up. Let us ad de, 
that on the regresse of the excluded 
air* the Lead,and the weight cast into the
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/ame scales did againe very much pre­
ponderate.-'- ■ '

We likewise convey’d into the Re­
ceiver, the fame bubble, open'd at 
the end of the slender pipe above men­
tioned , but having drawrie out the aire, 
after the accustomed manner, we found 
not as before, the bubble to out-weigh 
the opposite lead, so that by the help 
of our Engine, we can weigh the Airey 
as we weigh other Bodies , in its na-* 
turall or ordinary consilience, without 
at all condensing it: Nay , which is re­
markable, having convey'd a Lamb’s 
bladder about halfe full of Aire into the 
Receiver, wee observed, that though 
upon the drawing out of the ambient 
aire the imprisoned Air so expanded 
it self, as to distend the Bladder so, as to 
Ijeem ready to break it; yet this ratified 
Air did manifestly depress the Scale 
whereunto it was annexed.

Another thing, we mult not forget to 
motion,that happend to us,whil'lt we were 
making tryals edeerning the weight of the 
Air; namely,That having once caus’d the
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Pump to be somewhat obstinately ply’d, 
to discover the better what may be ex­
pected from the thinness of the medium 
in this Experiments the Imprison'd Air 
broke its brittle Prison, and throwing the 
greatest part of it against the side of the 
Receiver,dash’d it against that thick Glass 
into a multitude of pieces. Which Acci­
dent I mention, partly that it may con­
firm what we deliver’d in our Reflections, 
upon the first Experiment, where we con - 
fider’d what would probably be done by 
the Spring of the Air Imprison’d in such 
Glasles, in cafe the balancing pressure or 
the ambient Air were withdrawn; and 
partly, that we may thence discern of how 
close a Texture Glass is, since so very 
thin a film of Glass (if I may so call im­
prov'd so impervious to the Air, that it 
could not get away through the Pores, 
but was forc’d to break the glass in pieces 
to free it self; and this, notwithstanding 
the time and advantage it had to try to 
get out ar, the Pores. And this I mention, 
that neither our Experiments, nor those 
of divers Learned Men, might receive 
any prejudice from an Experiment which 
I happen’d to make divers years ago, and, 
which having been so much taken notice

of
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of by curious Men, may be drawn to 
countenance their erroneous Opinion,who 
would fain perfwade us, That Glass is 
penetrable by Air properly so called. Our 
Experiment was briefly this: We were 
distilling a certain substance, that much a- 
bounded with subtle Spirits and volatile 
Salt, in a strong Earthen-vessel of an un­
usual shape, to which was luted a large 
Receiver, made of the courser fort of 
Glass, (which the Trades-men are wont * 
to call Green-glass) but in our absence, 
the Fire,though it were to be very strong, 
was by the negligence or mistake of those 
we appointed to attend it, so excessively 
increas'd, that when we came back to the 
Fornacewe found the Spirituous and Sa­
line Corpuscles pour’d out (if I may so 
call it) so hot, and so copiously into the 
Receiver, that they made it all opacous, 
and more likely to flie in pieces, then fit 
to be touch’d. Yet, being curious to ob­
serve the effects of a Distillation, prose­
cuted with so intense and unusual degree 
of heat, we ventur’d to come near, and 
observ’d,among other things, that on the 
cut-side of the Receiver, at a great di­
stance from the juncture, there was fetled 
a round whitish Spot or two, which at 

i ' ------ ---------- first
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first we thought might'be some stain up­
on the Glass 5 but after, finding it to 
be in 'divers Qualities like the OvI, 
andi Salt of the Concrete we were Di­
stilling", " we began to suspect that the 
most subtle and fugitive parts of the im. 
petuously, ascending Steams, had pene­
trated the substance fas they speak) of 
the Glass, and by the cold of the am­
bient Air were condens’d on the sur­
face ok it. And though we were ve­
ry backward to credit this fuspition, and 
therefore call'd in an Ingenious Person 
or two, both to assist us in the Ob. 
fervation, and have Witness of its e- 
vent, we continued a while longer to 
watch the escape of such unctuous Fumes, 
and upon the whole matter unanimously 
concluded , That all things consider d, 
the subtle parts of the distill’d matter 
being violently agitated, by the exces­
sive heat had past'd through the Pores 
of the Glass, widen d by the fame heat. 
But this having never happen’d but 
once in any of the Distillations we have 
either made or seen, though these be 
not a few, it is much more reasonable 
to suppose, that the pervioufnefs of 
our Receiver to a Body much more 
.a ;i ' “ subtle
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subtle then Air, proceeded partly from 
the looser Texture of that particular 
parcel of Glass the Receiver was made 
of ffor Experience has caught ys, that 
all Glass is norof the fame .compact­
ness and solidity):'and partly from the 
enormous heat, which, together with 
the vehement agitation of the pene­
trant. Spirits, open’d the Pares .-of the 
Glass then to imagine that ,!sych 3 
substance as Air, should, be able, to per- 
me ate the Body of Glass contrary to 
the testimony of a. thousand. .Chymical 
and:.:Mechanical Experiments, .ayd of 
many of those made, in out; Engine, e. 
specially that newly, recited.•• i Way, by 
our :fifth Experiment it appears, that 
a thin Bladder will not at its,Pores 
give pastage even to rarified Air. And 
on this occasion we will annex- an Ex­
periment, which has made some of 
those we have acquainted, with it , 
doubt, whether, the Corpuscles of the 
Air be not lefie subtle then, those of 
:W ater.

But without examining, here the 
reasonableness of that doubt, we will 
proceed to recite the Experiment it self, 
which seems co teach, That though Air,

when
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when sufficiently compress’d, may per^ 
chance get entrance into narrower holes 
and crannies then Water; yet unless the 
Air before’d in at such very little holes, 
it will not get in at them, though they 
may be big enough to let Water pass 
through them. , 5

The Experiment then was this: I took 
a fair -Glass Siphon i the lower end of 
whose longest Leg was drawn by degrees 
to such a slenderness, ithat the Orifice, at 
which the Water was to fall out, would 
hardly admit a very small Pin: This Si­
phon being inverted* the matter was so 
order'd, that a little Bubble of Air was 
intercepted in the slenderest part of the 
Siphon^betwixt the little hole newly men­
tion’d, and the incumbent Water, upon 
which, it-came to pass,; that the Air be­
ing not to be forc’d through so narrow a 
passage, by so light a Cylinder of Water, 
though amounting to the length of divers 
Inches, as lean’d upon it, hinder’d the 
further 'Efflux of the Water, as long as I 
pleas’d to let it flay in that narrow place: 
whereas, when by blowing a little at the 
wider end of the Siphon, that little par­
cel of Air was forc'd out with some Wa­
ter, the remaining Water, that before
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continu’d suspended, began freely to drop 
down again as formerly. And it you 
take a Glass Pipe, whether it be in the 
form of a Siphon? or no, that being for 
the most part of the thickness of a Mans 
Finger, is yet towards one end so slen­
der, as to terminate in a hole almost as 
small as a Horse- hair; and if you fill this. 
Pipe with Water, you will finde that Li­
quor to drop down freely enough tho- 
row the slender Extream : But if you then 
invert the Pipe, you will finde that the 
Air will not easily get in at the fame hole 
through which the Water pass’d. For in 
the (harp end of the Pipe, some Inches 
of Water will remain suspended, which 
"tis probable would not happen, if the 
Air could get in to succeed it, since if the 
hole were a little wider, the Water would 
immediatly subside. And though it be 
true, that if the Pipe be of the length of 
many Inches, a great part of the Wa­
ter will run down at the wider Orifice,yet 
that seems to happen for some other rea­
son, then because the Air succeeds it at 
the upper and narrow Orifice, since all the 
slender part of the Pipe, and perhaps 
some Inches more, will continue full of 
Water.

And
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And on this occasion I remember, that 

whereas it appears by our fifth Experi­
ment, That the Aerial Corpuscles (ex­
cept perhaps some that are extraordinari­
ly sine) will not passe thorow the Pores 
of a Lambs Bladder,yet Particles of Wa­
ter will, as we have long since observ’d, 
and as may be easily try’d, by very close­
ly tying a little Alcalizate Salt (we usd 
the Calx of Tartar, made with Nitre) 
in a fine Bladder, and dipping the lower 
end of the Bladder in Water; for if you 
hold it there for a competent.while,, you 
will sinde that there will strain thorow the 
Pores of the Bladder Water enough to 
dissolve the Salt into a Liquor- 
e; But I fee 1 am stipt into a Digression, 
wherefore I will not examine, whether, 
'the Experiment I have related, proceed­
ed from hence, That the springy Texture 
of the Corpuscles of the Air, makes 
them less apt to yield and accommodate 
themselves easily to the narrow Pores of 
Bodies, then the more flexible Particles 
of Water 5 or whether it may more pro­
bably be ascrib'd to some other Cause. 
Nor will I stay to consider how far we may 
hence be assisted to ghess at the cause of 
the ascension of Water in the slender

Pipes,
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pipes and Siphons formerly mention'd, 
but will return to our Bubble $ and take 
notice, That we thought fit also to en­
deavor to measure the capacity of the 
Bubble we had made use of, by filling 
it with Water, that we might the better 
know how much Water answered in 
weight to i of a Grain of Air* but not­
withstanding all the diligence that was 
used to preserve so brittle a Vessel, ic 
broke before we could perfect what we 
were about, and we were not then pro­
vided of another Bubble fit for our 
turn.

The haste I was in, My Lord, when I 
sent away the last Sheet, made me forget 
to take notice to you of a Problem that 
occurr’d to my thoughts, upon the oc­
casion of the flow breaking of the Glass 
Bubble in our evacuated Receiver. For 
ic may seem strange, since by our sixth 
Experiment it appears,that the Air, when 
permitted,will by its own internal Spring 
expand it seise twice as much as CMer~ 
fennus was able to expand it , by the 
heat even of a candenc tÆolipile: Yet 
the Elater of the Air was scarce able to 
break a very thin Glass Bubble, and ut-

T terly
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terly unable to break one somewhat thic­
ker, within whose cavity it was impri­
son’d; whereas Air pent up and agitated 
by heat is able to perform so much more 
considerable effects, that (not to mention 
those ot: Rarefaction that are more obvi­
ous ) the’Learned Jesuit Cabdus she that 
writ of thg;Load-(tone) relates, That he 

rntm-A-fow a Marble Pillar (so Vast, that three 
rijiot: men together-with display’d arms could

not lm&ace iit, and thanooo Yoke of 
Oxen drawing it several ways with all 
their strength., could non ;have- torn it 
affunder) quite broken off in the midst, 
by reason of some Wood, which hap­
pening tcf be burnt juft by the Pillar, the 
heat proceeding froth1 the neighboring 
Fire, so ratified some Amor Spirituous 
Matter which was shut up in the cavities 
of the Marble, that it broke through the 
solid Body of the Stone to obtain room 
to expand it seif. : ' u • -- .
f- I remember I have taken notice that 
probably the reason why the included Air 
did not break the hermetically seal’dBuW 
bles that-remain’d intire in our emptyed 
Receiver,was, That the Air, being some­
what rarefied by the Flame imploy’d to 
close the .Glass, its Springyjupon the re­

cess
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cess of the heat, grew weaker then before.’ 
But though we reject not that ghefs, yet 
it will riot in the present cafe serve the 
turn, because that much smaller Glats 
bubbles exactly clos'd, will, by the in­
cluded Air (though agitated but by the 
heat of a very moderate Fire) be made 
to fly in pieces. Whether we may be 
assisted to salve this Problem, by consi­
dering that the heat does from within ve­
hemently agitatekhe Corpuscles of the 
Air, and adde its assistance to the Spring 
they had before, I shall not now examine: 
since I here but propose a Probl m, and 
that chiefly that by this memorable Story 
of Cabœus, notice may be taken of the 
prodigious power of Rarefaction, which 
hereby appears capable of performing 
stranger things then any of our Experi, 
menns have hitherto ascrib'd to it.

We should hence, My Lord, imme- 
diatly proceed to the next Experiment,- 
but that we think it fit, on this occasion, 
to acquaint You with what tome former 
tryals (though not made in our Engine) 
have taught us, concerning what we 
would have discover'd by the newly 
mention’d Bubble that broke. And this 
the rather- because (a great part of this 

T 3 Letter
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letter supposing the gravity of the Aire) 
it will not be impertinent to determine 
more particularly then hitherto we have 
done, what gravity we ascribe to it.

We too be then an lÆolitnle made of 
copper,weighing six ounces,five drachms, 
and eight and forty graines: this being 
made as hot as we durft make it,(for feaie 
of melting the mettle, or at least the So- 
dar) was removed from the sire and im-- 
mediately stopped with’ hard wax that no 
Aire at all might get in at the little 
hole wont to be left in eÆolipiles for the 
fumes to issue out at: Then the zÆolipile 
being suffer'd leafurely to coole was again 
weighed together with the wax that slept 
it, and was found to weigh f by reason of 
the additional! weight of the wax) six 
ounces, fixe drachmes, and 39 graines. 
Lastly, the wax being perforated without 
taking any of it out of the Scale, the 
extemall Aire was suffered to rush in 
(which it did. with some noyses and then 
the <ÆoUpile and wax , being againe 
weighed amounted to six ounces, six 
drachmes, and 50. graines. So that the 
^Æoliptle freed as fane as our sire could 
free it, from it’s Aire,weighedIdle then
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it seise when replenished with Air, full 
eleven graines. That is,the Air contain­
able within the cavity of the tÆolipile a- 
mounted to eleven graines and somewhat 
more; I fay somewhat more, because of 
the particles of the Air, that were not 
driven by the fire out of the zÆol/pile. 
And by the way (if there be no m stake 
in the observations of the diligent CMer- 
fcnnus) it may fee me strange that it should 
so much differ from 2. or 3. of ours f in 
none of which we could rarifie the Air in 
our Æolipilci, though made red hot almost 
all over, and so immediately plung'd into 
cold water) to halfe that degree which he 
mentions, namely to 70. times it’s natu­
ral! extent, unleffe it were that the <^o- 
lipile he imploy’d was able to sustains 
a more vehement heat then ours (which 
yet we kept in so great an one, that once 
the soder melting, it fell asunder into the 
two Hemispheres it consists of.)

The fore-mentioned way of weighing 
the Air by the help of an <Æolipile^seems 
somewhat more exact then that which 
Mersenms used,In that in ours the ^ÆoU- 
pile was not weighed, till it was cold ; 
whereas in his, being weighed red Hot, it 

T 3 is
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subject to loose of it’s substance in ths 
cooling,for (as we have elsewhere noted 
on another occasion) Copper heated red 
hot is wont in the cooling to: throw off 
little thin scales in such plenty,that having 
purposely watcht a Copper tÆolipile du- 
ring its refrigeration , we have seen the 
place round about it almost covered with 
those little scales it had every way scat­
ter’d : which, however they amount not 
to much, ought not to be over-looked, 
when ’tis so light a body as Air, that is 
to be weighed. We will not examine, 
whether the Æolipile in cooling may not 
receive some little increment of weight, 
either from the vapid or saline Steames 
that wander up and downe in the Air: But 
we will rather mention,that (for the grea­
ter exactneste) we imployed to weigh our 
<tÆol:pile, both when fill’d onely with Air 
and when repleniihc with Water, a pairs 
of scales that would turne (as they speak) 
with the fourth part of a grain.

As to the proportion of weight be­
twixt Air and Water, some learned men 
have attempted it by vvayes so unaccurate 
that they seems to have much mistaken 
it. For (not to mention the improbable 
accounts of Kepler and others.) The lear­

ned



ned and diligent Ricciolus , having pur- 
pdfely endeavoured to investigate this 
proportion by meanes of a thin blad­
der , estimates the weight of the Air to 
that of the Water to be as one to ten 
thousand,or thereabouts. And indeed I re" 
member that having formerly, on a cer­
tain occasion, weighed a large bladder full 
of Air, and found it when the Air was all 
fqueefed out, to have contained fourteen 
gvaines of Air. I found the fame bladder 
afterwards fill'd with water to containe 
very neer rq. pound of that liquor: accor­
ding to which account, the proportion of 
Air to Water was almost as a graineto a 
pound, that is, as one to above 7600. To 
this we may adde, that on the other fide, 
Galileo himfelfe ufing another, but an un- 
accurate way too, defined the Air to be 
in weight to Water, but as one to q.hun- 
dred. But the way formerly proposed of 
weighing the Air by an Æohpile, leemes 
by great oddes more exact; andfasfarre 
as we could gheflfe) seemed to agree well 
enough with the experiment made in our 
Receiver, Wherefore it will be best to 
trust our Æolipile in the enquivy we are a- 
bout, and according to our observations 
Che water it contained amounting to one 
r. ‘ T q. and
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and twenty ounces and an halfe, and as 
much Air as was requisite to fill it weigh­
ing eleven graines, the proportion in gra­
vity of Air to Water of the fame bulk 
will be as one to 938. And though we 
could not sill the Æolipiie with water, so 
exactly as we would, yet in regard we 
could not either as perfectly as we would, 
drive the Air out of it by he it •, we think 
the proportion may well enough hold: 
but thole that are delighted with round 
numbers ( as the phrase is) will not be 
much mistaken if they reckon water to be 
neere a thousand times heavier than Air. 
And (for further proof that we have made 
the proportion betwixt these two bodies 
rather greater then letter then indeed it is; 
and also to consirme our former observa­
tion of the weight of the Air)we will adde, 
I'hat,having another time put some Wa­
ter into the Æolipiie before we set it on 
the sire,that the copious vapours of the 
rarefied liquor might the better drive out 
the Air, we found, upon tryall carefully 
made,that when the Æolipiie was refrige­
rated, and the included vapours were by 
the cold turned againe into water (which 
could not have happen'd to the Air, that 
the preceding Steams expelsd) the Air,

when
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when it was let in, increas'd the weight of 
the eÆclifile as much as before, namely, 
Eleven Grains; though there were alrea­
dy in it twelve Drachmes and a half, be - 
fides a couple ot Grains of Water, which 
remain'd of that we had formerly put in­
to it to drive out the Air.

er sennas indeed tells us, that by his 
account Air is in weight to Water, as i to 
1356. And adds, that we may, without 
any danger, believe that the gravity ot 
Water to that of Air of a like bulk, is 
notlefs thenof 1300 to i. And conse­
quently, that the quantity of Air to a 
quantity of Water equiponderant there­
to, is as t 300 to i. But why we should 
relinquish our own carefully repeated try- 
als, I fee not. Yeti am unwilling to re­
ject those of so accurate and useful a Wri­
ter : And therefore shall propose a way 
of reconciling our differing Observations, 
by presenting, that the discrepance be­
tween them may probably arise from the 
differing consistence of the Air at london 
and at Paris: For our Air being more cold 
and moist, then that which Your Lord- 
ship now breaths, may be suppos'd also 
to be a fourth or fifth part more heavy. I 
leave it to be consider'd, whether it be of

any
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any moment that our Observations were 
made in the midst of Winter, whereas his 
were perhaps made in some warmer time 
of the Year. But I think it were not a- 
mifs that, by the method formerly pro­
pos’d, the gravity of the Air were ob­
serv’d both in several Countries, and in 
the fame Country,- in the several Seasons 
of the Year and differing Temperatures ot 
the Weather. And I would give some­
thing of value to know the weight of such 
an gÆoliftle as ours full of air in the midst 
of Winter in Neva Zembla, if that be 
true which we formerly took notice of, 
namely, That the Hollanders, who Win­
tered there, found that Air so thick that 
their Clock would not go.

If Your Bordihip should now ask me, 
if I could not by the help of these, and 
our other Observations, decide the Con­
troversies of our Modern Mathematici­
ans about the height of the Air or Atmo­
sphere, by determining how high it doth 
indeed reach: I should answer, That 
though it seems eafie enough to shew that 
divers Famous and Applauded Writers 
have been mistaken in assigning the heigth 
of the Atmosphere: Yet it seems very 
difficult precisely to define of what height
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if is. And because we have hitherto but 
lightly touch’d upon a matter of such im* 
portance,we presume itwil not be thought 
impertinent, upon this occasion, to annex 
something towards the Elucidation of
it.

What we have already try’d and newly 
set down,‘allows us to take it for granted, 
that (at least about London) the. propor­
tion of gravity betwixt Water and Air, 
ol equal bulk, is as of a thousand to 
one.

The next thing therefore that we are 
to enquire after, in order to our present 
design, is the difference in weight betwixt 
Water and Quick-stiver: And though 
this hath been defin’d already by the Il­
lustrious Verulam, and some other inqui- 
sttive Persons, that have compar'd the 
weight of several Bodies, and cast their 
Observations into Tables, yet we shall 
not scruple to annex our own tryals about 
it: Partly, because we finde Authors 
considerably to dis-agree; partly, because 
weuPdexacter Scales, and a somewhat 
more wary method then others seem to 
have done: And partly also, because ha­
ving prosecuted our inquiry by two or 
three several ways; the small difference
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between the events may assure us that we 
were not much mistaken.

We took then a Glass Pipe, of the 
form of an inverted Siphon, whose shape 
is delineated in the sixteenth Figure: And 
pouring into it a quantity of Quick silver., 
we held it so, that the superficies of the 
Liquor, both in the longer and shorter 
leg, lay in a Horizontal Line, denoted in 
the Scheme by the prick'd Line E F then 
pouring W ater into the longer Leg of the 
Siphon, till that was almost fill'd, we ob­
serv'd the surface of the Quick-silver in 
that leg to be, by the weight of the Wa­
ter, depress’d, as from E to B; and in 
the shorter leg, to be as much impell’d 
upward as from F to G: Whereupon ha­
ving formerly stuck marks, as well at the 
point B, as at the opposite point D, we 
meafur d both the distance D C to have 
,the height of the Cylinder of Quick-sil­
ver, which was rais’d above the Point D 
(level with the surface of the Quick- silver 
in the other leg)by the weight of the Wa­
ter, and the distance B A which gave us 
the height of the Cylinder of Water. So 
that the distance D C amounting to 2’f 
Inches, and the height of the Water a- 
mounting 30s' Inches; and the whole

num-
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numbers on both sides, 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 sides) 
as i2i to 166;; or by reduction, as one 
to 13&.

Besides this unusual way of determi­
ning the gravity of some things, we mea* 
lur'd the proportion betwixt Quick-silver 
and Water, by the help of so exacts bal- 
lance, as looses its (Equilibrium by the 
hundredth part of a Grain. But because 
there is wont to be committed an over­
sight in weighing Quick-silver and Wa­
ter, especially if the Orifice of the Vessel 
wherein they are put be any thing wide,in 
regard that men heed not that the surface 
of Water in Vessels will be concave, 
but that of Quick-silver,notably convex 
or protuberant : To avoid this usual over­
sight (I fay)we made use of a glass bubble, 
blown very thin at the Flame of a Lamp, 
that it might not be too heavy for the 
Ballance,and terminating in a very slender 
neck, wherein the concavity or convexity 
of a Liquor could not be considerable: 
This Glass weighing 23 f Grains,we fill’d

almost
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almost wish Quick-silver, and fastning 3 
mark over against the middle of the pro* 
tuberanc - Superficies as near as our Eyes 
could judge, we found that the Quick­
silver alone weighed 2991 Grains: Then 
the Qustk-silver being pour'd, out, - and 
the fame Glass being sill'd as full of com­
mon Water, we found the Liquor to 
weigh 21 £ Grains:; - Whereby it appear'd 
that the weight of Water to Quick-* 
silver,-is as one to 13If:: Though our Il­
lustrious'. Vcrularn /questionless not for 
want of Judgement or Care, but of ex- 
rxst Instruments) makes the proportion 
betwixt those two Liquors to be greater 
then of ruo 17. And to adde, that up­
on the by, since Quick-silver and well 
rectified Spirit of Wine, are show justly 
I fay not), accounted, the one the hea­
viest, and the other the lightest of Li­
quors ; we thought to fill in the fame 
Glass, and with the fame Scales to ob­
serve the difference betwixt them, which 
we found.to be as of 1 to* -16%-; where­
by if appear'd, That the difference be­
twixt Spirit of Wine, that may be made 
to bum all away, (such as was ours) and 
common Water j is as.betwixt 1 and 1# -

We
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We might here take occasion to ad­

mire, that though Water (as appear’d by 
the Experiment formerly mention’d of 
the Pewter Veslel) seems not capable of 
any considerable condensation, and seems 
not to have interspers’d in it any store of 
Air; yet Quick-silver, of no greater bulk 
then Water, should weigh near fourteen 
times as much. But having onely points 
ed at this as a thing worthy of considers-: 
lion, we will proceed in our inquiry after 
the heigth of the Atmosphere: And to 
avoid the trouble of Fractions, we will 
assume that Quick-silver is fourteen times; 
as heavy as Water, since it wants so littles 
of being so. ' ; [.- • -l

Wherefore having now given us the 
proportion of Air to Water, and Water 
to Quick-silver, it will be very easie to? 
sinde the proportic t betwixt Air and; 
Quick-silver, in cafe we will suppose the 
Atmosphere to be uniformly of such $ 
consistence as the Air we weighed here 
below. For since our Engine hath suffix . 
ciently .manifested that 'tis the zÆqaUik- 
brium with the external Air, that in the 
Torriceltian Experiment keeps the Quick­
silver from subsiding And since, by our 
accurate Experiment formerly mention’d,
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it appears that a Cylinder of Mercury, 
able to ballance a Cylinder of the whole 
Atmosphere, amounted to near about 
thirty Inches; and since , consequently 
we may assume the proportion of Quick­
silver to Air to be as fourteen thousand to 
one it will follow, that a Cylinder of 
Air, capable to maintain an Equilibrium, 
with a Mercurial Cylinder of two Foot 
and an half in height, must amount to 
35000 Feet of our English Measure 
and consequently (reckoning five Foot 
to a Geometrical Pace, and one thousand 
such Paces to a Mile) to seven full 
Miles.

But this fas we lately intimated) pro­
ceeds upon the supposition, that the Air 
is every where of the fame consistence 
that we found it near the surface of the 
Earth; but that cannot with any safety 
be concluded, not onely for the reason I 
finde to have been taken notice of by the 
Antients, and thus express in Seneca: 

Sf Otnnis Aer (fays he) quo propior est terr is 
guest:lib. 4. hoc crafsior ■ quemadmodnm in aqua & in . 
e^'I0' Omni humor ef^x ima est, it a in Acre [pis* 

ftstima quaip destdunt; but much more,
. because the springy T exture of the Aerial 

Corpuscles, makes them capable of a
very
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very great compression, which the weight 
of the incumbent part of the Atmo­
sphere is very sufficient to give those that 
be undermost and near the surface of the 
Earth. And if we recall to minde those 
former Experiments, whereby we have 
manifested,That Air, much rarefied with­
out heat, may easily 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 usually pos­
sesses here below; How can it be demon­
strated that the Atmosphere may not, for 
ought we know, or at least for ought cart 
be determin’d by our Statical and Mecha­
nical Experiments,, rife to the height of 
Five and twenty German Leagues, if nor 
of some hundred of common Miles ?

And this conjecture it self may appear 
very injurious to the height whereunto 
Exhalations may ascend, if we will allow Rictioi: 
that there was no mistake in that strange 
Observation made at Toloits in a clear i. ni>. i0.‘ 
Night in <^dugu(l, by the diligent Ma-M^W* 
thematician Emanuel CMagnan, and thus 
Recorded by Ricciolus, (for I have not at ri ­
band the Authors own Book) Vidit (fays^.i*/ 
he j abhor a nndecima pojl meridiem uffc ad pop: zs.

V medium



mcdidm noBcm Lunk infra, h'orizontem 
posit a, nubeculam quandam lucidarn propc 

Meridtamm fere usque ad Zenith diffusam 
qua consider at is omnibus non poterat nisi it 
foie illumwari; idecque altior e(Je debiiit 
tot a umbra terra. Addit (continues Ricci- 
olus) simile quid event fe Michaeli Angelo 
Riccio apud Sabinos versanti nempe viro 
in Mathefi eruditifsimo.

Various Observations made at the 
feet, tops, and interjacent parts of high 
Mountains, might perchance somewhat 
astist us to make an estimate in what pro­
portion, if in any certain one, the higher 
Air is thicker then the lower, and ghefs 
at the dis-form consistence, as to laxity 
and compactness of.the Air at several 
distances from us. And if the difficul­
ties about the refractions of. the Celestial 
Lights, were satisfactorily determin’d, 
that might also much conduce to the pla­
cing due limits to the Atmofphere(whose 
Dimensions those Observations about 
Refractions seem hitherto much to con­
tract.) But for the present we dare not 
pronounce any thing peremptorily con ­
cerning the height of it, but leave it to 
further inquiry: contenting our selves to 
have manifested the mistake of divers

eminent
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eminent Modern Writers, who will not 
allow the Atmosphere to exceed above 
two or three Miles in height fas the Fa­
mous Kepler will not the A'er refratfivus') 
and to have readi ed a reason why in the 
mention we made in the Notes upon the 
first Experiment, touching the height of 
the Atmosphere,we scrupled not to speak 
of it, as if it might be many Miles high.

nn+\/\ 7E will now proceed to recite a Exp 
* * Phenomenon, which , though mm 3

made amongst the first, we thought fit 
not to mention till after many others,that 
we might have the opportunity to ob­
serve as many Circumstances of it as we 
could, and so present Your Lordship ac 
onœ, most of what we at several times 
have taken notice of concerning so odde 
a Phenomenon,

Our Engine had not been long finish'd, 
when, at the first lea sure we could steal 
from our occasions to make try al of it, 
we caus’d the Air to be pump'd out of 
the Receiver; and whil'ft I was busied in 
entertaining a Learned Friend that juft 
then came to visit me, an Ingenious By- 

V 2 slander
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slander, thought he perceiv’d some new 
kind of Light in the Receiver, of which 
giving me hastily notice, my Friend and 
I presently observ’d, that when the Suc­
ker was drawn down, immediately upon 
the turning of the Key, there appear’d 
akindeof Light in the Receiver, almost 
like a faint stash of Lightening in the 
Day-time, and almost as suddenly did it 
appear and vanish. Having, not with­
out some amazement, observ'd divers 
of these Apparitions of Light, we took 
notice that the Day was clear, the hour 
about ten in the Morning, that the onely 
Window in the Room fac’d the North 5 
and also, that by interposing a Cloak, or 
any opacous Body between the Receiver 
and the Window, though the rest of the 
Room were sufficiently enlightned, yet 
the stashes did not appear as before, un­
less the opacous Body were remov’d. 
But not being able on all these Circum­
stances to ground any firm Conjecture 
at the cause of this surprising Phanome- 
non, as soon as Night was come , we
made the Room very dark ; and plying 
the Pump, as in the Morning, we could 
not, though we often try’d, find, upon

so much as the 
least

the turning of the ivev.
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least glimmering of Light; whence we 
insert’d, that the flash appearing in the 
Receiver, did not proceed from any new 
Light generated there, but from tome 
reflections of the light of the Sun, or 
other Luminous Bodies plac'd without 
it ; though whence that Reflection 
should proceed, it pofd us to conje­
cture.

Wherefore the next Morning, ho­
ping to inform our selves better, we 
went about to repeat the Experiment, 
but though we could as well as former­
ly exhaust the Receiver, though the 
place wherein we made the tryal was the 
very fame and though other Circum­
stances were resembling, yet we could 
not discover the least appearance of 
Light all that Day, nor on divers ci­
thers on which tryal was again fruitlef- 
lyrhade-, nor can we to this very time 
be sure a Day before-hand that these 
Flalhes will be to be seen in our great 
Receiver. Nay, having once found the 
Engine in a good humour (if I may 
so speak) to strew this trick, and sent 
notice of it to our Learned Friend 
Doctor Wallis, who express'd a great 

V 3 desire
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desire to see this Phenomenon, though he 
were not then above a Bow.ffiootost, and 
made haste to fatisfie his Curiosity ; yet 
by that time he was come, the thing he 
came for was no longer to be seento 
that having vainly endeavored to exhibit 
again the Phenomenon in his presence, I 
began to apprehend what he might think 
of me, when unexpectedly the Engine 
presented us a stash,and after that a second, 
and as many move, as suffic’d to fatisfie 
him that we might very well confidently 
relate, that we have our selves seen this 
Phenomenon^though not confidently pro­
mise to strew it others.

And this unsuccessfulness whereto our 
Experiment is lyable, being such, that by 
ail our watchfulness and try als, we could 
never reduce it to any certain Rules or 
Observations-, since in all constitutions 
of the Weather, times of the Day. &c. 
it will sometimes answer, and sometimes 
disappoint our Expectations; We are 
much discourag’d from venturing to frame 
an Hypothesis to give an account of it: 
which if the Experiment did constantly 
succeed, might the more hopefully be at­
tempted ; by the help of the following 
Phenomena laid together: some of them

pro-
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produc’d" upon tryals purposely made 
to examine the validity ot the conjectures^ 
other tryals had suggested.

First then we obferv d, that the Appa­
rition of Light may be made as well by 
Candle-light, as by Day-light-, and in 
whatever position the Candle be held, in 
reference to the Receiver, as on this or 
that hand of it, above it, beneath it, or 
any other way, provided the Beams of 
Light be not hinder'd from falling upon 
the Vestel.

Next, we noted that the stalk appears 
immediately upon the turning of the 
Key, to let the Air out of the Receiver 
into the em pry'd Cylinder, in so 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
hausted (whereby it came to pass that the 
Air did rather descend, then rush into the 
Cylinder) the often mention'd stalk ap­
pear’d to our eyes.

Yet, we further observ'd, that when in­
stead of the great Receiver we made use 
of a small Glass, not containing above a 
pound and a half of Water, xht Pheno­
menon might be exhibited though the 
Stop-cock were open, provided the 

V 4 Sucker
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Sucker were drawn nimbly downi
We noted too, that when we began to 

empty the Receiver, the appearances of 
Light were much more conspicuous 
then towards the latter end, when little 
Air at a time could pass out of the Re­
ceiver.

We observ'd also, that when the Suc­
ker had not been long before well Oyl’d, 
and instead of the great Receiver, the 
smaller Vessel above-mention’d was em. 
ploy’d^ We observ’d, I fay, that then, 
upon the opening of the Stop-cock, as 
the Air descended out of the Glass in­
to the empty’d Cylinder, so at the fame 
time there ascended out of the Cylinder 
into the Vessel a certain Steam, which 
seem’d to consist of very little Bubbles, 
or other minute Corpuscles thrown up 
from the Oyl, rarefied by the attrition it 
suffered in the Cylinder. For at the 
fame time that these Steams ascended 
into the Glass, some of the fame kinde 
manifestly issued out like a little Pillar,of 
Smoke at the Orifice of the Valve, when 
that was occasionally open’d. And these 
Steams frequently enough presenting 
themselves to our view, we found, by 
exposing the Glass to a clear Light, than

they
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they were wont to play up and down 
in it, and so by their whiteilhness, to e- 
mulate in some measure the apparition of 
Light.

For we likewise sometimes found, by 
watchful observation, that when the 
Flaih was great, not onely at the very 
instant the Receiver loft of its transpa­
rency, by appearing full of some kinde 
of whitish substance; but that for some 
short time after the fides of the Glass 
continued somewhat opacous , and 
seem'd to be darken’d, as if some 
whitish Steam adher’d to the inside of 
them.

He that would render a Reason of 
the Phenomenons whereof all these are 
not all the Circumstances, must doe 
two things; whereof the one is diffi­
cult, and the other little less then im­
possible: For he must give an Ac­
count not onely whence the appearing 
whiteness proceeds, but wherefore that 
whiteness does sometimes appear and 
sometimes not.

For our part, we freely confeffe 
our selves at a Ioffe about rendering

a Rea-



a Reason of the less difficult part of the 
Problem: And though Your Lord­
ship should ev'n press us to declare what 
Conjecture it was, that the above-recited 
Circumstances suggested to us, we should 
propose the thoughts we then had, no o- 
thevwise then as bare Conjectures.

In cafe then our Phenomenon had con­
stantly and uniformly appear’d, we should 
have suspected it to have been produc’d 
utter some such manner as follows.

First, we observ'd that, though that 
which we saw in our Receiver seem’d to 
be some kinde of Light, yet it was indeed 
but a whiteness which did fas hath alrea­
dy been noted) opacate (as some speak j 
the inside of the Glass.

Next we consider’d, that our com­
mon Air abounds with Particles or little 
Bodies, capable to reflect the Beams of 
Light. Of this we might easily give di­
vers proofs, but we shall name but t\vo : 
The one, that vulgar observation of the 
Motes that appear in Multitudes swim­
ming up and down in the Air, when the 
Sun-beams shooting into a Room, or any 
other iliady Place discover them, though 
otherwise the eye cannot distinguish them

from
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from the rest of the Air: The other proof 
we will take from what we sand no doubt 
very many others) have observ’d, touch­
ing the Illumination of the Air in the 
Night. And we particularly remember, 
that, being at some distance from London 
one Night, that the People, upon a very 
well-come Occasion, testified their Joy 
by numerous Bon-fires though, by rea­
son of the Interposition of the Houses, 
we could not fee the Fires themselves,yet 
we could plainly fee the Air all enlighten’d 
over and near the City; which argu’d, 
that the lucid Beams shot upwards from 
the Fires, met in the Air with Corpuscles 
opacous enough to rested them to our 
Eyes.

A third thing that we considered, was, 
That white may be produc’d (without 
excluding other ways, or denying invisi­
ble Pores in the folidest Bodies) when 
the continuity of a Diaphanous Body 
happens to be interrupted by a great num­
ber of Surfaces, which, like so many 
little Booking-glasses, do confusedly re­
present a multitude of little and seeming­
ly contiguous Images of the elucid Body. 
Wediallnot insist on the explanation of 
this, but refer You for it co what we have

said
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said in another Paper (touching Co­
lours.) But the Instances that seem to 
prove it are obvious: For Water or whites 
of Eggs beaten to froth, do lose their 
transparency and appear white. And ha­
ving out of one of our lesser Receivers 
carefully drawn out the Air,and so order’d 
it, that the hole by which the Water was 
to get in, was exceeding small, that the 
Liquor might be the more broken in its 
passage thoroxv it, we observ’d with plea. 
sure, That, the Neck being held under 
Water, and the little hole newly men­
tion’d being open’d, the Water that rulh'd 
in was so broken, and acquired such a mul­
titude of new Surfaces, that the Receiver 
seem’d to be full rather of Milk then Wa­
ter. We have likewise found out, That 
by heating a lump of Crystal to a certain 
degree, and quenching it in fair Water, it 
would be discontinu’d by such a multi­
tude of Cracks, (which created new Sur­
faces within it) that though it would' not 
fall asunder, but retain its former shape, 
yet it would lose its transparency, and ap­
pear white.

Upon these Considerations, My Lord, 
and some others, it seem’d notabsur’d to 
imagine,That upon the rushing of the Air

out



(3ii)
out of the Receiver into theempty’d Cy­
linder, the Air in the Receiver being sud­
denly and vehemently expanded,the Tex­
ture of it was as suddenly alter'd, and the 
parts made so to drift places (and perhaps 
some of them to change postures) as du­
ring their new and vehement Motion and 
their varied Scituation, to disturb the 
wonted continuity and so the Diapha­
neity of the Air which (as we have alrea­
dy noted) upon its ceaiing to be a tran­
sparent Body, without the interposition 
of colour'd things, must easily degene­
rate into white.

Several things there were that made 
this Conjedture seem the less improba­
ble. As first, That the whiteness al­
ways appear'd greater when the Exfucti. 
on began to be made, whil’st there was 
store of Air in the Receiver, then when 
the Air was in great part drawn out. And 
next, That, having exhausted the Re­
ceiver, and apply d to the hole in the 
Stop-cock a large bubble of clear Glass,in 
such a manner,that we could at pleasure let 
the Air pass out at the small Glass into the 
great one,and easily fill the small one with 
Air again, We observ’d with pleasure,
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That upon the opening the passage be­
twixt the two Glasses, the Air in the 
smaller having so much room in the great­
er to receive it, the Dissilition of that 
Air was so great, that the small Viol 
seem’d to be full of Milk; and this Expe­
riment we repeated several times. To 
which we may adde, That, having pro­
vided a small Receiver, whose upper Ori­
fice was so narrow that I could stop it with 
my Thumb, I observ’d, that when upon 
the Exfuction of the Air the capacity of 
the Glass appear’d white, if by a sudden 
removal of my Thumb I let in the out­
ward Air, that whiteness would imme­
diately vanish. Aud whereas it may be 
objected, That in the Instance formerly 
mention’d, Water turning from perspi­
cuous to white, there intervenes the Air, 
which is a Body of a Heterogeneous na­
ture, and must turn it into Bubbles to 
make it lose its transparency. We may 
borrow an Answer from an Experiment 
we deliver in another Treatise, 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
most in a moment,without the fub-ingvef- 
fionof Air to turn them into Bubbles, so

alter
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alter the disposition of their insensible 
parts, as to become a white and consistent 
Body. And this happens not as in the 
precipitation of Benjamin, and some o. 
ther Resinous Bodies, which being dis­
solv'd in Spirit of Wine,may,by the effu­
sion ot fair Water, be turn’d into a seem­
ingly Milky substance. For this'white­
ness belongs not to the whole Liquor,but 
to the Corpuscles of the dissolv’d Gum, 
which after a while subsiding leave the Li­
quor transparent, themselves onely re­
maining white: Whereas in our cafe, ’tis 
from the vary’d texture ot the whole for­
merly transparent fluid Body, and not 
from this or that part that this whicenesse 
results: For the Body is white thorowout, 
and will long continue to 5 and yet may, 
in process of time, without any addition, 
be totally reduc'd into a transparent Bo­
dy as before.

But besides the Conjecture insisted on 
all this while, we grounded another upon 
the following Observation, which was, 
That having convey’d some smoke into 
our Receiver plac’d against a Window,we 
observ’d, that upon the exsuction of the 
Air, the Corpuscles that were swimming 
in it, did manifestly enough make the Re­

ceiver



($r4)
ceiver seem more opacous at the very 
moment of the rushing out of the Air : 
For considering that the whiteness, whose 
cause we enquire of,did but sometimes ap­
pear, it seem'd not impossible but that at 
such times the Air in the Receiver might 
abound with Particles, capable of re­
flecting the Light in the manner requisite 
to exhibit a white colour, by their being 
put into a certain unusual Motion. As 
may be in some measure illustrated by 
this, That the new motion of the freshly 
mention’d Fumes, made the inside of the 
Receiver appear somewhat darker then 
before: And partly by the nature of our 
formerly mention’d smoking Liquor, 
whose parts though they seem'd transpa­
rent whil’st they compos'd a Liquor, yet 
when the fame Corpuscles, upon the un­
stopping of the Glass, were put into a 
new motion, and dispos'd after a new 
manner, they did opacate that part of the 
Air they mov’d in, and exhibited a great­
er whiteness then that which sometimes 
appears in our Pneumatical Vessel. Nor 
should we content our selves with this sin­
gle Instance, to manifest, That little Bo­
dies,which being rang'd after one manner, 
are Diaphanous and Colourless, may, by

being
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being barely agitated, dispers'd, and con­
sequently otherways rang’d, exhibite a 
colour, if we were not unwilling to rob 
our Collection of Experiments concern­
ing Colours.

But, My Lord > I foresee You may 
make some Objections against our pro­
posed ghefs, which perhaps I shall scarce 
be able to answer, especially, if You in­
sist upon having me render a Reason why 
our Phenomenon appears not constant­
ly. '

I might indeed answer, that probably 
it would do so, if instead of our great 
Receiver we use such a small Viol as we 
have lately mention’d, wherein the Difli- 
litionof the Air being much greater, is 
like to be the more conspicuous: Since I 
remember not that we ever made our try- 
al with such small Vessels, without find­
ing the expected whiteness to appear. But 
it would remain to be explicated, why in 
our great Receiver the Phenomenon!hould 
sometimes be seen,and oftentimes not ap­
pear. And though that Conjecture which 
we last made should not be rejected, yet if 
we were further press’d to assign a reason 
why the Air should abound with such Par­
ticles, as we there suppose, more atone 

X time
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time then another, we are not yet pro­
vided of any better Answer, then this 
general one, That the Air about us, 
and much more that within the Receiver, 
may be much alter'd by such causes as few 
are aware of: For, not to repeat those 
probable Arguments, of this Assertion 
which we have occasionally mention'd 
here and there in the former part of this 
Epistle, We will here set down two or 
three Instances to verisie the fame Propo-^ 
sition. First, I sinde that the Learned 

Joseph: a- :?°sfpbus AcoJtdj among other Judicious 
costa: mt: Observations he made in cv/mrica, hath 

this concerning the Effects of some 
Winds ; There are (fays lie) Winds which 
natural!,] trouble the Water of the Sea, and 
make it green ^ and black ; others, clear as. 
Crystal. Next, we have observ'd, That 
though we conveyd into the Receiver our 
Scales, and the Pendula formerly men­
tion'd,clean and bright $ yet after the Re­
ceiver had been empty’d,and the Air let in 
again, the gloss or lustre both of the one, 
and of the other, appear'd tarnish’d by a 
beginning rust. And in the last place,we 
will subjoyn an Observation we made 
some Years ago, which hath been heard 
of by divers Ingenious Men, and seen

by'
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by some of them : We had, with pure 
Spirit of Wine, drawn a Tincture out of 
a certain Concrete which uses to be rec­
koned among Mineral BodiesAnd this 
Tincture being very pure and transparent, 
we did, because we put a great value upon 
it, put into a Crystal Viol which we care­
fully stopp’d, and lock'd up in a Press a- 
mong some other things that we special­
ly priz'd. This Liquor being a Chy- 
mical Rarity, and besides, very defecate 
and of a pleasing Golden Colour 5 we 
had often occasion to look upon it, and 
so to take notice, that one time it seem’d 
to be very much troubled, and not clean 
as it was wont to be: Whereupon we ima­
gined, that though it would be something 
strange, yet it was not impossible that 
some Precipitation of the Mineral Cor­
puscles was then happening, and that 
thence the Liquor was opacated; but, 
finding after some 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 somewhat wondered at it, 
and locking it up again in the same Press, 
we resolved to observe, both whether 
the like changes would again appear in 
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our Tincture* and whether in cafe they 
sliould appear, they would be ascribable 
to the alterations of the Weather. But 
though,during the greatest part of a Win­
ter and a Spring, we took pleasure to ob­
serve, how the Liquor would often grow 
turbid, and after a while clear again: Yet 
we could not sinde that these Mutations 
depended upon any that were manifest in 
the Air, which would be often dark and 
clouded, when the Tincture was clear and 
transparent; as on the other side,in clear 
Weather the Liquor would appear some­
times troubled, and more opacous. So 
that being unable to give an account of 
these odde changes in our Tincture (which 
we suppose we have not yet lost, though 
we know not whether it have lost its fickle 
Nature) either by those of the Air, or 
any thing else that occursd to our 
thoughts; we could not but suspect that 
there may be in divers Bodies, as it were 
Spontaneous Mutations, that is, such 
changes as depend not upon manifest 
Causes. But, My Lord, what has been 
all this while said concerning our Phxno- 
mtnon, is offer’d co You, not as contain­
ing a satisfactory Account of it, but to 
assist You to give Yourself one.

We
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X j\7E took a Glass Vessel,- open 
^ ^ at the top, and into it we \)\itment 3-1 

a mixture of Snow and common Salt 
(such a mixture as we have in another 
Treatise largely discoursed of J and in­
to the midst of this mixture we set a 
Glafle, of a Cylindrical form, closely 
stopp'd at the lower end with Plaister, 
and open at the upper, at which we 
fill'd it with common Water. These 
things being let down into the Recei­
ver , and the Pump being set a work, 
the Snow began to melt somewhat fa­
tter then we expected *, whether upon 
the account of the Exsuction of the 
Air, or because there was but little of 
the Snow, or whether for any other 
Reason, it appeared doubtfull. But 
however, by that time the Receiver 
had been considerably exhausted, which 
was done in lesse then ~ of an hour, 
we perceived the Water near the bot­
tom of the Glass Cylinder to Freeze, 
and the Ice by a little longer stay, seem'd 
co encrsase, and to rife somewhat higher 
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then the surface of the surrounding Li­
quor, whereinto almost all the Snow and 
Salt were resolv'd. The Glass being ta­
ken out, it appear'd that the Ice was as" 
thick as the inside ol the Glass it fill’d, 
though into that 1-could put my Thumb. 
The upper surface ot the Ice was very 
concave, which whether it were due to 
any unheeded accident, or to the ex su­
ction ol the Air, we leave to he deter­
min'd by further tryal. And lastly, the 
Ice held against the Light, appear’d not 
destitute of Bubbles, though tome By­
standers 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 also another time in 
one of our small Receiveis, with not un­
like success.

And on this occasion, My Lord, give 
me leave to propose a Problem, which 
fit all be this: Whence proceeds that 
strange force that we may sometimes ob­
serve in frozen Water, to break the Bo­
dies that Imprison it, though hard and so­
lid ? That there is Inch a force in Wa. 
ter expos'd to Congelation, may be ga­
ther'd not onely from what may be often 
observ’d in Winter, of the bursting of

Glasses
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Glasses too close stopp’d, fill’d with Wa­
ter or aqueous Liquors, but by Instances 
as much more considerable as less obvi­
ous. For I remember, that an Ingenious 
Stone-cutter not long fince complain’d to 
me, That sometimes, through the negli­
gence of Servants, the Rain being foster­
ed to soak into Marble Stones, the super­
vening violent Frosts would burst the 
Stones, to the Profestbrs no small dam­
age. And I remember another Trades­
man,in whose House I had Lodgings, was 
last Winter complaining, that even Im­
plements made of Bell-metal, being care- 
lefiy expos’d to the wet,have been broken 
and fpoil’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 
these Relations, we can adde one of the 
formerly mention’d Cabxus’s, whereby 
they notonely may be confirm’d, but are 
surpass’d : For he tells us, That he saw a 
huge Vestel of exceeding hard Marble, 
split asunder by conge!’d Water, whose 
Rarefaction, fays our Author, prov’d so 
vehement, that the hardness of the Stone 
yielded to it; and so a Vestel was broken, 
which would not have been so by ioo 

Xq. 'Yoke
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Yoke of Oxen drawing it several ways.' 1 
know, My Lord, that to solve this Pro­
blem, it will be said, That Congelation 
does not(as is commonly,but erroneously 
presum’d) reduce water into less room 
then it pofTefPd before, but rather makes 
it take up more. And I have elsewhere 
prov’d by particular Experiments, That 
whether or no Ice may be truly laid to be 
Water rarefi’d (for that seems queftion- 
able) it may be said to take up more room 
then the Water did before Glaciation. 
But though we grant that freezing makes 
Water swell, yet, how Cold (which in 
Weather-Glasses manifestly condences 
the Air) should expand either the Water, 
or the intercepted Air so forcibly, as to 
perform such things as we have newly re­
lated, will yet remain a Problem.

E*pirl-
WMt 3 A

XyX/E took an Oval Glass, clear and 
V V ('least it should break) pretty 

strong, with a short Neck at the obtuser 
end; through this Neck,we thrust almost 
to the bottom, a Pipe of Glass, which was 
closely Cemented to the newly mention'd 
Neck, the upper part of which Pipe, 
was drawn in some places more slender

they



then a Crows Quill, that the changes of 
the Air in that Glass Egge might be the 
more conspicuous; Then there was con­
vey'd into the Glass five or fix Spoon- 
fulls of Water, part of which, by blow­
ing Air into the Egge, was rais’d into the 
above-mention'd slender part of the Pipe, 
so that the Water was interpos'd between 
the external Air, and that included in the 
Egge. This Weather-glass (delineated 
in the fourteenth Figure) was so plac'd, 
and clos'd up in the cavity of one of our 
small Receivers, that onely the slender 
part of the Pipe, to the heigthof four 
or five Inches, passing thorow a hole in 
the Cover, remain’d expos'd to the open 
Air.

The Pump being, set a work, upon 
theExfuctionof the Air, the Water in 
the Pipe descended about a quarter of an 
Inch, and this upon two or three reitera­
ted tryals; which seem'd sufficiently to 
argue that there was no heat produc'd in 
the Receiver upon the Exfaction of the 
Air: For even a little heat would pro­
bably have been discover'd by that Wea­
ther-glass, since upon the bare applica­
tion of my hand to the outside of the 
Receiver, the warmth having after some

time
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time been communicated or propagated 
through both the Glasses, and the inter­
val betwixt them to the Imprison'd Air, 
did so rarifie that, as to inable it, by pres­
sing upon the subjacent Water, to impel 
that in the Pipe very many times as far as 
it had fallen downwards upon the Exacti­
on of the Air.

Yet shall not we conclude, that in the 
cavity of the Receiver the cold was great­
er after the Exsuction of the Air then be­
fore-

For if it be demanded what then could 
cause the fore-mention'd subsiding of the 
Water? it may be answered, That pro­
bably it was the reaching of the Glass 
Egge, which, upon the Exsuction of the 
ambient Air, was unable to resist alto­
gether as much as formerly the pressure of 
the included Air, and of the Atmosphere, 
which, by theintervenfion of the Water, 
press'd upon its concave surface: Which 
seem d probable, as well by what was a- 
bove deliver'd, in the Experiment about 
the breaking of the Glass by the force of 
the Atmosphere; as by this notable Cir­
cumstance (which we divers times ob« 
serv d)That when by drawing the Air out 
of the Receiver, the Water in the Pipe

was
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was subsided, upon the readmifsion ok the 
external Air to press againft the convex 
surface of the Egge, the Water was pre­
sently re-impeird to its former height: 
Which would perhaps appear less strange 
to Your Lordship, if You had yet seen 
what we have heretofore taught in ano­
ther Treatise concerning the Spring that 
may be discover'd in Glass, as rigid and 
inflexible a Body as it is generally e- 
steem'd. And in the mean while it may 
serve the turn to cause a Glass Egge to be 
blown exceeding thin, and then, having 
broken it, try how far you can by degrees 
bend some narrow parts of it; and how 
readily, upon the removal of what kept 
it bent, it will restore it self to its former 
state or posture. But to return to our 
Experiment, From thence it seems pro­
bable, either that there succeeds no Bo­
dy in the room of the Air drawn out of 
our Receiver, or that it is not every Mat­
ter that is subtle enough readily to pass 
through the Pores of Glass, that is al­
ways agitated enough to produce Heat 
where ever it is plentifully found. So that 
if no Vacuum be to be admitted, this Ex­
periment seems to invite us to allow a 
great disparity, either as to bulk, or as to



agitation, or as to both, betwixt some 
parts of the Etherial Subftance,and those 
that are wont here below to produce Heat 
and Fire.

We try’d also what Operation the 
drawing out of the Air would have upon 
Camphire, that being a Body, which, 
though not a Liquor, consists of such 
Volatile or Fugitive parts, that without 
any greater agitation then that of the open 
An it felt, they will copiously the away. 
But we found not that even this loose 
Body was sensibly alter'd by the Exsucti- 
on of the ambient Air.

Expert- | T may seem well worth trying, whether 
m»t 40. * or no in our exhausted Glass the wane 

of an ambient Body, of the wonted thic- 
nefs of Air, would disable even light and 
little Animals, as Bees, and other winged 
Insects, to flie. But though we easily 
foresaw how difficult it would be to make 
such an Experiment • yet not to omit our 
endeavors, we procur'd a large Fleffi-fly, 
which we convey ’d into a small Receiver, 
We also another time shut into a great 
Receiver a Humming Bee, that appear’d 
strong and lively, though we had rather

have



have made the tryal with a Butter-fly, if 
the cold Season would have permitted us 
to finde any. * The Fly, as- ‘ , , .. . ,
ter some Ex suctions Of thC XLth Experiment, ™ proi 
Air, dropp’d down from thec^n white Butter-Fly, 
fide of the Glass whereon 
was walking : Bur, that the though at first he stuttered 
Experiment with the Bee <md dam, yet presently,
might be the more instructive, J® f sefdoZ tin * 
we convey’d in with her a bun- /»«-», retaking no other 
die of Flowers, which re- 
main d suspended by a string 
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 
Vestel, till at length, as we desir’d, flic 
lighted upon the Flowers; whereupon 
we presently began to draw out the Air, 
and observ’d. That though for some time 
the Bee seem d to take no notice of it, yet 
within awhile after she did not she, but fall 
down from rhe Flowers, without appear­
ing to make any use of her Wings to help 
her self. But whether this fall of the Bee,
and the other Infect, proceeded from the 
mediums being too thin for them to stie in, 
or barely from the weakness,and as it were 
swooning or the Animals themselves,you 
will easily gather from the following Ex­
periment, To
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Expert- 'JD satisfie our selves in some measure-, 
went 41-. about the account upon which Refpira- 

tion is so necessary to the Animals, that 
Nature hath furnish’d with Lungs, we 
took (being then unable to procure any 
other lively Bird, small enough to be put 
into the Receiver) a Lark, one of whose 
Wings had been broken by a (hot, of a 
Man that we had sent to provide us some 
Birds for our Experiment; but notwith­
standing this hurt, the Lark was very 
lively, and did, being put into the Recei­
ver, divers times spring up in it to a good 
height. The Vessel being hastily, but 
carefully clos'd, the Pump was diligently 
ply’d, and the Bird for a while appear'd 
lively enoughbut upon a greater Ex­
suction of the Air, she began manifestly 
to droop and appear lick, and very soon 
after was taken with as violent and irregu­
lar Convulsions, as are wont to be ob­
serv'd in Poultry, when their heads are 
wrung off: For the Bird threw her self 
over and over two or three times, and dy­
ed with her Breast upward, her Head 
downwards, and her Neck awry. Arid 
though upon the appearing of these Con­

vulsions



<3 29)
vulfions, we turn’d the Stop-cock, and 
let in the Air upon her, yet it came too 
late; whereupon, casting our eyes upon 
one of those accurate Dyals that go with 
a Pendulum, and were of late ingeniously 
invented by the Noble and Learned flu- 
genius, 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-, 
ceiver. Soon alter we got a Hen-spar­
row, which being caught with Bird-lime 
was not at all hurt; when we put her into 
the Receiver, almost to the top of which 
lire would briskly raise her self, the Ex - 
periment being try’d with this Bird, as it 
was with the former, die seem'd to be 
dead within seven minutes, one of which 
were imploy'd in cementing on the Co­
ver : But upon the speedy turning of the 
Key, the fresh Air flowing in,began flow, 
ly to revive her, so that after some pant- 
ings she open'd her eyes, and regain'd her 
feet, and in about a of an hour, after 
threatned to make an escape at the top of 
the Glassy which had been unstopp'd to 
let in the Ire lit Air upon her: But the Re­
ceiver being -clos’d the second time, she 

........ i • • was
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%vas kill’d with violent ConvulsiorisJ 
within five Minutes from the beginning 
of the Pumping.

A while after we put in a Mouse, new­
ly taken, in such a Trap as had rather af­
frighted then hurt him; whiffi he was 
leaping up very high in the Receiver, we 
fasten'd the Cover to it, expecting that 
an Animal used to live in narrow holes 
with very little fresh Air, would endure 
the want of it better then the lately men­
tion’d Birds: But though, for a while af­
ter the Pump was set awork, he conti­
nued leaping up as before; yet ’tvvas not 
long ere he began to appear fick and gid­
dy, and to flagger, after which he fell 
down as dead, but without such violent 
Convulsions as the Birds died with 
Whereupon, hastily turning the Key, we 
let in some fresh Air upon him, by which 
he recovered, after a while, his fenses and 
his feet, but seem’d to continue weak and 
fick: But at length, growing able to: 
skip as formerly, the Pump was plyed 
again for eight minutes, about the mid­
dle of which space, if not before, a very 
little Air by a mischance got in at the 
Stop-cock; and about two minutes after 
that, the Mouse divers times leap'd up
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lively enough, though afcerabout two mi­
nutes more he fell down quite dead, yet 
with Convulsions fan milder then those 
wherewith the two Birds expired. This 
alacrity so little before his death, and his 
not dy ing sooner then at the end of the 
eighth minute, seem'd afcribableto the 
Air (how little soever) that stipe into the 
Receiver. For the sirft time, those Con­
vulsions (that, if they had not been sud­
denly remedied, had immediately dis­
patch'd him) feiPd on him in six minutes 
after the Pump began to beset awork. 
These Experiments seem’d the more 
strange,in regard,that duringa great partof 
those few minutes the Engine could but; 
considerably raresie the Air (and that too*, 
but by degrees) and at the end of them 
there remain’d in the Receiver no incon­
siderable quantity; as may appear by what 
we have formerly said of our not being 
able to draw down Water in a Tube,withes 
in much less then a Foot of the bottom : 
with which we likewise consider'd, that by 
the exfuction of the Air and intersper­
sed Vapors, there was left in the Recei­
ver a space some hundreds of times ex­
ceeding the bigness of the Animal, to re­
ceive the fuliginous Steams, from which/ 

•v Y expiraci-
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expiration discharges the Lungs*, and, 
which in the other cafes hitherto known, 
may be suspected, for want of. room, to 
stifle thole Animals that are closely pent 
up in too narrow Receptacles.

I forgot to mention, that having caus'd 
these three Creatures to be open’d , I 
could, in such small Bodies, discover lit­
tle of what we fought for, and what we 
might possibly have found in larger Ani­
mals ; for though the Lungs of the Birds 
appear’d very red, and as it were inflam'd, 
yet that colour being usual enough in the 
Lungs of such winged Creatures, deserves 
not so much our notice, as it does, That 
in almost all the destructive Experiments 
made in our Engine, the Animals appear’d 
to die with violently Convulsive Moti­
ons : From which,whether Physicians can 
gather any thing towards the Discovery 
of the Nature of Convulsive Distem­
pers, I leave to them to consider.

Having proceeded'thus far, though (as 
we have partly intimated already j there 
appear'd not much, cause to doubt, but 
that the death of the fore-tnention'd Ani­
mals proceeded rather from the want of 
Air, then that the Air was over-clogg’d 
by the steams of their Bodies, exquisite­

ly
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jy pent up in the Glass; yet I, thatlove 
not to believs any thing upon Conje* 
ctures, when by a not over-difficult Ex­
periment I can. try whether it be True or 
no, thought it the safest way to obviate 
Objections,and remove Scruples,by shut­
ting up another Mouse as close as I could 
in the Receiver, wherein it liv'd above 
three quarters of an hour; and might pro­
bably have done so much longer, had not 
a Virtuoso of quality, who in the mean 
while chanc’d to make me a Visit, defir'd 
to fee whether or no the Mouse could be 
kill’d by the exsuction of the ambient Air, 
whereupon^we thought fit to open, for a 
little while, an intercourse betwixt the 
Air in the Receiver, and that without it, 
that the Mouse might thereby (if it were 
needful for him) be refresh d, and yet we 
did this without uncementing the Cover 
at the top, that it might not be objected, 
that perhaps the Vessel was more closely 
stopp’d for the exsuction of the Air then 
before.

The Experiment had this evens, that 
after the Mouse had liv’d ten Minutes, 
(which we ascrib’d to this, that the Pump, 
for want of having been lately Oyl'd, 
could move but slowly, and could not by 

Y % him
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him that manag’d it, be made to work as 
nimbly as it was wont) at the end of that 
time he dy’d with Convulsive 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 Lordships further satisfaction, and 
my own,-1 caufd a Mouse, that was very 
hungry, to be shut in all Night, with a 
Bed of Paper for him to reft upon : And 
to be sure that the Receiver was well 
clos'd, I caus'd some Air to be drawn out 
of ir, whereby, perceiving that there 
was no sensible leak, I presently re ad­
mitted the Air at the Stop-cock, left the 
Want of it should harm the little Animal; 
and then 1 caus’d the Engine to be kept 
all Night by the Fire fide, to keep him 
from being destroy'd by the immoderate 
cold of the Frosty Night. And this care 
succeeded so well, that the next Morning 
s found that the Mouse not onely was a- 
live, but had devour’d a good part of the 
Cheese that had been put in with him. And 
having thus kept him alive full twelve 
hours, or be tter, we did, by-fucking out 
part of-the'Air, bring him to droop, and 
to appear dwell'd and by letting in the 
'Air again, we soon redlid’d him to his #tir> 
•mer liveliness. - ' kA
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A Digression containing some- 

Doubts touching
- - • i-,": ration■

I Fear Your Lordship will now expect, 
that to these Experiments I should add 

c my Reflections on them-, and attempts 
by--their assistance, to resolve the D1E3 
culties that occur about Respiration-, since 
at the beginning I acknowledg’d a further 
Enquiry into the Nature of that, to have 
been my Design in the related Tryals. 
But I have yet, because of the inconve- - 
nient Season of the Year, made so few 
Experiments,- and have been so little la* 
tissied by those I have been able to make, 
that they have hitherto made Respiration 
appear to me rather a more, then a less. 
Mysterious thing, then it did before. But: 
yet, since they have furnisivd me with" 
some such new Considerations^ concern-? 
ing the use of the Air, as confirms me in "' 
my Diffidence of the Truth of what is 
commonly believ’d touching that matter; 
That I may not appear sullen or lazy, I 
am content not to decline employing a 

Y 3 few
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few hours in setting down my Doubts, i* 
presenting Your Lordship some Hints, 
and in considering whether the Tryals 
made in our Engine, will ac least: assist us 
to discover wherein the Deficiency lies 
that needs to be supply d.

And this, My Lord, being all my pre* 
sent Design, I suppose You will not ex, 
pest that fas if You knew not,or had sm> 
gotten what Anatomifts are won't "to 
reach j I should entertain Y ou with a need­
less Discourse of the Organs of Respira­
tion, and the variety of their Structure in 
several Animals *, though if it were ne­
cessary, and had not been perform’d by o- 

GjUMi dc thers, I should think, with Galen, that by 
iiki*'*'' treating of the Fabricks of living Bodies^ 

I might compose Hymns to the wife Au­
thor of Nature, who,in the excellent con­
trivance of the Lungs, and other parts of 
(those admirable Engines) Animals, ma­
nifests himself to be indeed what the Elo­
quent Prophet most justly speaks him, 

ist-zS.iWonderful in Counsel, and excellent in 
working-

Nor shall we any further meddle with 
those Controversies so much agitated a- 
mong the Moderns, namely, Whether the 
motion of the Lungs in Respiration be their

own3
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orv-r, or but consequent to the motion of lbs 
‘Thorax,Diaphragme, and (as some Learn? 
ed Men would have it)the Abdomen$ And, 
Whence it is that the Air [wells the Lungs 

in Inspiration, any further then they may 
receive light from our Engine: But that 
it may appear what kinde of service it is 
that may be expected from it on this oc­
casion, we must premise a few Words to 
shew wherein the strength of the Obje­
ction we are to answer, lies: In favor then 
of those that would have the Lungs ra­
ther passive then active in the business of 
Respiration, it may against the commo,n 
opinion be alledg’d,That as the Lungs be­
ing destitute of Muscles and of Fibres, 
are unfit to dilate themselves-, so it ap­
pears, that without the motion of th? 
T>W<ovthey would not be fill'd with Air. 
Since as our Learned Friend Dr. High- 
more has well (and congruously, to what 
our selves have purposely try'd) ob­
serv’d, if a live Bog have a great wound 
made in his Chest, the Lobes of the 
Lungs on that side of the C7vlediajli- 
num will subside and lie still-, the Tho­
rax and the Lobes on the other side 
of the rJMedtaftimm, continuing their 
former motion. And if suddenly at once
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the Muscles of the Chest be’on both 
fides dissected, upon the Ingress of the 
Air, the whole Lungs,though untouch’d, 
will remain moveless,at least,as to any. ex­
pan lion or contraction of their substance.

To which we may adde the Observati­
on of the diligent Bartholinm, who af­
firms the like of the Diaphragm al­
so, namely, That it being wounded, the 
Lungs will fall together, and the Respi­
ration cease, which my Experiments op­
pose not, provided the Wound be any 
thing great. And indeed the Diaphragmc 
seems the principal Instrument of ordina­
ry and gentle Respiration, although to 
restrain’d Respiration (if I may so call 
it) the intercostal Muscles, and perhaps 
some others may be allowed eminently to 
concur. But the chief of the Contro­
versies formerly pointed at, is not yet de­
cided, namely, what it is that conveys the 
Air into the Lungs. For when, to coun­
ter ballance all that has been alledg’d,those 
that plead for the Lungs, demand what it 
is that should bring the Air into the 
Lungs, if themselves do not attract it, 
their Antagonists disagree about the Re­
ply. For when to this question some of 
the best Modern Philosophers answer,
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that by. the dilatation of the Chest the 
contiguous Air is thrust away , and that 
pressing upon the next Air to it, and so 
onwards, the Propulsion is continued till 
the Air be driven into the Lungs,- and,so 
dilate them: When- this:<Iiayjjb-is .an­
swered, it is O bjected even by Bartkoiim 
himself, as a convincing Reply, thac> ac­
cording to this Doctrine,a Manicould not 
fetch his Breath from a great Vessel full of 
Air, with a slender Neck, because, that 
when his Mouth covers the Orifice of the 
Neck, the dilatation of his Thorax could 
not propell the Air in the Vessel into his 
Lungs, by reason of its being separated 
by the inclosing Vessel from the ambient 
Air; and yet, fay they, Experience wit­
nesses that out of such a Vessel a-Man may- 
fuck Air. But of this difficulty pur Engine 
furnishes us with an easie Solutions since 
many of the former Experiments have ma­
nifested, That in the cafe proposed,- there 
needs not be made any (though ’tis true 
that in ordinary Respiration there is wont 
to be made fome)propulsion of the Air by 
the swelling Thorax, or Abdomen.into the 
Lungs; since upon the bare Dilatation of 
the srtwvfx, the Spring of tharinternal 
Air, or halkuous substance that, is wont

' tO
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to possess as much of the Cavity of the 
Chess as the Lungs fill not up,being much 
weaken'd, the external and contiguous 
Air muss necessarily press in at the open 
Winde-Pipe into the Lungs, as finding 
there less resistance then any where else a- 
boutit. v.

And hence (by the way)we may derive 
2 new assistance to judge of that famous 
Controversy disputed among Naturalisss 
and Phyfitians, ever since Galons time, 
some maintaining that the Chess,with the 
contained Lungs, may be resembled to a 
pair of Bellows, which comes therefore 
to be fill'd because it was dilated : And o- 
thers pleading to have the comparison 
made to a Bladder, which is therefore di­
lated because it is fill’d. For as to the 
Thorax, -it seems evident from what has 
been lately said, that it, like a pair of Bel­
lows, happens to be partly fill'd with Air, 
but because it was dilated: But as for the 
Lungs themselves, who want Fibres to 
distend them, they may fitly enough be 
compar'd to a Bladder; since they are di­
lated by being fill'd, namely, by that Air 
which rushes into them upon the dilatation 
of the Chess, in whose increased Cavity 
it findes (as we freshly noted) less resist--

ance
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ance to its Spring then elsewhere. And 
this brings into my minde that strange 
Observation of Nicolaus Font anus, a Phy- 
sitianat Amsterdam, who testifies, That 
in a Boy of the fame Town, four years ttoiin.-ub. 

old, there was found, instead of Lungs, a -•«?• s- 
certain Membranous Bladder; which be^ 
ing fill’d with Wind, and furnish'd with 
little Veins, had its origination from the 
Wind-Pipe it felt-, which being suppos'd 
true, how well it will agree with most of 
the Opinions touching Respiration,! leave, 
to be considered.

And thus may the grand Objection of 
B ortho line, and others, be answered: But 
I leave to Anatomists to consider what is 
to be said to some Observations that seem 
to contradict those Anatomical Experi­
ments already mention'd : Such was par­
ticularly that which I remember I have 
read in Semcrtus (from the observation of 
his Father- in-law Schato) of a Melancho­
ly Student, who having stabb’d himself, 
and pierced the Diophragme in the thinner 
or tendonous part (call'd by many the 
Nervous Circlejlived seven Moneths af­
ter he had so wounded himself, though af­
ter his death (preceded by violent Vomit-
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ings) the Wound (perchance dilated by 
those strainings> appear'd so great, that 
the whole Stomack was found .to have got 
in by it into the left fide of tht.'thorax. 
And such al so was the accident , that hap­
pen'd to a Noble Man, whom I remem­
ber I have seen, and who is yet alive, in 
whose Chest there has, for these many 
years, remain'd a hole so great, that the 
motion of his Heart may be perceiv’d by 
it. These (I say) and some other Obser­
vations, I fir all now forbear to insist on* 
because I hold it not unfit,, before we 
come to consider the use of Respiration, 
that we acquaint Your Lordship with an 
Ingenious Conjecture, that was made at 

■•the - cause of-the hasty death of the Ani­
mals our Engine.kill'd: namely, That it 
was not the want of Air that destroy’d 
them, but the Pressure of the innate Air 

. in the cavity of the Chest; as if the 
Spring of this Air being no longer coun­
terbalanc'd by the ambient Air,was there­
by-become so. strong, that it kept the 
Tber ax forcibly -distended, and hinder’d its 
avonted contraction-, and so compress'd 
the Lungs and their Vessels,as to obstruct 
the Circulation of the Blood, And this 

v.i Con-
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Conjecture, as it is specious enough, sol 
might have admitted it for true; but that 
I consider’d, that (not to mention that 
one, especially of the Animals kill’d in 
our Engine, seem'd manifestly for a pret­
ty while, and not long before he dy'd, to 
move his Thor ax, as it he exercis'd Respi­
ration) the diligent WatUm relates, That 
he divers times observ’d, in the Dissecti­
on of live Bodies, that the Membrane 
that invests the Lungs, had Pores in it 
as big as the larger fort bf Peas, which a- 
grees with the Observations of Chyrur- 
gions and Physitians, viz. That matter 
collected in the 7boraxes penetrated in­
to the Lungs, and been discharged by 
coughing, And I remember too,that most 
of the Animals we kill'd in our Engine 
were Birds, of whose Lungs Harvey 
somewhere informs us, That he ob­
serv'd them very manifestly to open ac 
their 'Extremities into the Abdomen. 
And by such Perforations we may well 
suppose the passage free betwixt the exter­
nal Air and-that in the Abdomen: But this 
Conjecture inay be further consider’d! 
Besides, tb show fhWthe Animals thiti? 
died in'our Glasses, need, hot be fu^pePd
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to have been kill'd by the want of Air, we 
foresee another Argument that we must 
deal so ingeniously with Your Lordship, 
as not to conceal. You very well know, 
that besides the generality of the 
Schools,there are many new Philosophers 
who, though they dissent from the old 
Peripatetics in other things, do, as they, 
deny the possibility of a Vacuum; and 
hold, that those spaces which are devoid 
of Air, and other grosser Bodies, are all 
of them exactly replenished with a certain 
Etherial Matter, so thin and subtle, that 
it can freely permeate the Pores of the 
compactedft and closest Bodies, and ev'n 
of Glass it self. Now some of those Na­
turalists that are of this perfwasion may 
object, That the Animals that died in our 
Receivers, did so, not so much for lack of 
Air, as by reason that the Air that was 
pump'd out was necessarily succeeded by 
an Etherial Substance^which consisting of 
parts vehemently agitated, and so very 
small, as without resistance to pass in and 
out through the very Pores of Glass >, it 
may well be suppos’d, that a considerable 
quantity of this restless and subtle Mat­
ter,, meeting together in the Receiver,

with
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with the excessive heat of it, may be 
quickly able to destroy a little Animal, or 
at least, make the Air too intemperately 
hot to be fit for Respiration.

But though this be a Difficulty not so 
easily to be resolv’d without the assistance 
of our Engine, yet I suppose we have al­
ready answer'd the Objection by our 38th 
and 39th Experiments $ which though we 
made partly for other purposes, yet we 
premis'd them onely to clear up the diffi­
culty propos'd.

Another fufpition we should have en­
tertain’d concerning the death of our Ani­
mals, namely, That upon the sudden re, 
moval os the wonted pressure of the am­
bient Air, the warm Blood of those Ani­
mals was brought to an Effervescence dr 
Ebullition, or at least so vehemently ex­
panded, as to disturb the Circulation of 
the Blood, and so disorder the whole Oe- 
conomy of the Body. (This (I fay) I 
should have had some fufpition of) but 
that Animals of a hoc Constitution are 
not the sole ones that canndt in our ex­
hausted Engine exercise the Function of 
Life. But I must not now dwell upon 
matters of this nature, because I think 
it high time to proceed to the considerati­

on
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on of the principal subject: of our Engine, 
namely, The use of Respiration; or ra­
ther. The use of the Air in Respiration. 
For whereas of the divers uses of it men­
tion'd by Anatomists the most, such as 
the Production and Modulation of the 
Voice by.the Elision of the Air, the La­
rynx &c. the expulsion of Excrements 
by Coughing,the conveying in of Odours 
by Inspiration, and some others, rather 
convenient for the well being of an Ani­
mal, then absolutely necessary to his Life: 
Whereas (I fay) the other uses are such as 
we have said, The great Hippocrates him­
self gives this notable Testimony to the 
use of the Air, as to Animals endow’d 
with Lungs, Mortalibus (fays he) ^>(fpi- 
ritus)f#w vita, turn morbortm sigrotis cau­
sa eft, Tantdque corponbus omnibus. spi­
rit its incft neceftitas, ut fiquidcm ah is om­
nibus eft cibis eft potionibus, quis abftineat, 
dues tame ant tres,vd p lures diej p oft it vi- 
tam ducere: At si quis jpiritus in corpus 
viasintercipiat, vel cxigua diei parte, ho- 
wini pereundum fit; Adco necefjarius.efr 
uftis -spirit as in corpon. Ad sue queq,, 
qtmm omnibus ah is act tomb us homines qui- 
esc ant, \quod mutatiombm innurneris vita 
fit expofita, ab h'ac.tawcn fold ach one nun -

au am



quant de si (I ant animantia}quin autsfirituot 
adducant, autreddant.

But touching the account upon which 
the Inspiration and Exspiracion of Air 
(both which are comprehended in eVatmi), 
Respiration) is so necessary to Life, both 
Naturalists and Physitians do so disagree, 
that it will be very difficult either to re­
concile their Opinions,or determine their 
Controversies.

For first, Many there are who think 
the chief (if not sole) use of Respiration 
to be the Cooling and tempering of that 
Heat in the Heart and Blood,which other­
wise would be immoderate: And this O- 
pinion, not onely seems to be most recei­
ved amongst Scholastick Writers, but di­
vers of the new Philosophers, Cartesians, 
and others, admitted with some variation'; 
teaching. That the Air is necestary, by its 
coldness, to condense the Blood that pas­
ses out of the right Ventricle of the 
Heart into the Lungs,that thereby it may 
obtain such a consistence, as is requisite 
to make it fit Eewel for the vital Fire or 
Flame, in the left Ventricle of the heart. 
And this Opinion seems favor’d by this, 
That Fiffies, and other cold Creatures^ 
whoso Hearts have but one cavity, are al-

7 soV *
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so unprovided of Lungs, and by some o- 
ther considerations. But though it need 
not be deny'd, that the inspir'd Air may 
sometimes be of use by refrigerating the 
Heart-,yet(against the Opinion that makes 
this Refrigeration, the most genuine and 
constant use of the Air) it may be Obje­
cted, That divers cold Creatures (some 
of which, as particularly Frogs, live in 
the Water) have yet need ot Respiration, 
which seems not likely to be needed for 
Refrigeration by them that are destitute of 
any sensible heat, and besides, live in the 
cold Water: That even decrepid old 
Men, whose natural heat is made very 
languid, and almost extinguish'd by rea­
son of age, have yet a necessity of fre­
quent Respiration: That a temperate Air 
is fittest for the generality of breathing 
Creatures ; and as an Air too hor, so al­
so an Air too cold, may be inconvenient 
for them (especially, if they be troubled 
with an immoderate degree of the fame 
Quality which is predominant in the Air.) 
That in some Diseases thenatural heat is 
so weaken’d, that in cafe the use of Respi­
ration were to cool, it would be more 
hurtful then beneficial to breath $ and the 
suspending "of the Respiration, may sup-
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ply the place of thole very hot Medicines 
that are wont to be employ'd in such Di­
stempers : Thar.Nacure might much bet­
ter have given the Heart but a moderate 
heat, then such an excessive one, as needs 
to be perpetually cool’d, itti keep it from 
growing destructive*, which the gentle, 
and not the burning heat of; an Animals 
Heart, seems not intense enough so indit 
fpensably to require. These! and other 
Objections, might be oppos'd,and press'd 
against the recited Opinion-- But we (hall 
not insist, on-them, but onely adde to 
them, That it appears not by our sorer 
going Experiments (1 mean the 3.8th and 
g£c.h) that in our exhausted Receiver* 
where yet Animals die so suddenly for 
want of Respiration, the ambient Body is 
sensibly hotter then the common Air.
10 Other Learned Men there are,who will 
stave the very substance of the Air to get 
in by -the Vessels of the'Lungs, to the 
left Ventricle-of the Heart, not onely to 
temper its . hear, but co provide for the 
generation of: S pints. And these alledge 
for themselves the Authority of the An- 
tients, among' whom Hippocrates seems 
manifestly to favor their Opinion*, and 
both Aristotle and Galen do sometimes 
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(for methinks they speak doubtfully e= 
nough) appear inclinable to it. But for 
ought ever I could fee in Dissections, it is 
Very difficult to make out, how the Air is 
convey'd into the left Ventricle of the 
Heart, especially the Systole and Diastole 
of the Heart and Lungs, being very far 
from being Synchronical: Besides, that 
the Spirits seeming to be but the most 
subtle and unctuous Particles of the 
Blood, appear to be of a very differing 
Nature from that of the lean and incom­
bustible Corpuscles of Air. Other Ob­
jections against this Opinion have been 
propos'd, and prest by that excellent Ana­
tomist, and my Industrious Friend, Dr. 
Highmore, to whom I (hall therefore refer 
you.

Another Opinion there is touching Re­
spiration, which makes the genuine use of 
it to be Ventilation (not of the Heart, 
but) of the Blood, in its passage thorow 
the Lungs in which passage, it is dis­
burdened of those Excrementitious 
Steams,"proceeding, for the most part, 
from the superfluous Scroll ties of the 
Blood, (we may adde) and of the Chyle 
too, which (by those new Conduits of 
late very happily detected by the famous

Pecquet)
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Pecquet) hath been newly mix’d with-it itl 
the Heart.) And this Opinion is that of 
the Industrious cJMœbiu-s, and is said to 
have been that of that excellent Philoso­
pher Gaftendus; and hath been in part an 
Opinion almost vulgar: But this Hypo* 
thesis may be explicated two ways: For 
first, The necessity of the Air in Respi­
ration, may be suppos'd to proceed from 
hence \ That as a Flame cannot long burn 
in a narrow and close place, because the 
Fuliginous Steams it uncessiantly throws 
out, cannot be long receiv'd into the am­
bient Body ; which after a while growing 
too full of them, to admit any more, sti­
fles the flame, so that the vital Fire in the 
Heart requires an ambient Body, of a 
yielding nature, to receive into it the su­
perfluous Serofities and other Recrements 
of the Blood, whose seasonable Expulsi­
on is requisite to depurate the Mass of 
Blood, and make it fit bot'i to Circulate, 
and to maintain the vital heat residing in 
the Heart. The other way of explicating 
the above-mention’d Hypothesis, is, by 
supposing, 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-Pipe,;

Z} but
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but does also convey them out of the 
Lungs, in regard that the inspired Air, 
reaching to all the ends of the Aspera Ar- 
tena^ does there associate it felt with the 
Exhalations of the circulating Blood,and 
when 'tis exploded,carrys them away with 
It self,as we fee that winds (peedily dry up 
the surfaces of wet Bodies, not to lay any 
thing of what we formerly obfervd touch, 
ing ourLiquor,whose fumes were strange­
ly elevated upon the Ingress of the Air.

Now of these two ways of explicating 
the use of Respiration, our Engine af­
fords us this Objection against the first; 
That upon the Ex suction of the Air, the 
Animals die a great deal sooner then if it 
were left in the Vessel* though by that 
Exsuction the ambient space is left much 
more free to receive the (teams that are ei­
ther breathed out of the Lungs of the 
Animal, or discharg’d by insensible Tran­
spiration through the Pores of his 
Skin.

But if the Hypothesis propos’d,be taken 
in the other sense, it seems congruous e- 
nough to that grand observation, which 
partly the Ph&nomena of our Engine, and 
partly the relations of Travellers, have 
suggested to us, namely, That there is a 

-.4 - certain
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certain consistence of Air requisite to Re­
spiration*, so that if it be too thick, and 
already over-charged with vapors, it will 
be unfit to unite with, and carry off those 
of the Blood, as Water will difsolve,and 
associate to it self but a certain proportion 
of saline Corpuscles; and if it be tod 
thin or rarefied, the number or size of the 
Aerial Particles is too small to be able td 
assume and carry off thehalituous Excre* 
ments of the Blood, in such plenty as is 
requisite,

Now that Air too much thicken'dfand 
asitwereclogg’d) with Steams, is unfit 
for Respiration, may appear by what is 
wont to happen in the Lead-Mines of De* 
'vonfrire^ (and, for ought I know, in those 
too of other Countrys, though I have 
seen Mines where no such thing was com­
plain’d of) for I have been inform’d by 
more then one credible Person (and parti­
cularly by an Ingenious Man, that has of­
ten, for curiosity, digg’d in those Mines, 
and been imploy’d about them) that there 
often rises Damps, as retaining th eGcr* 
wane Word by which they call them) 
which does so thicken the Air, that unless 
the Work-men speedily make signs to 
them that are above, they would (which 
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also sometimes happens) be presently 
stifled for want of Breath; and though 
their Companipns do make haste to draw 
them up, yet frequently, by that time 
they come to the free Air, they are, as it 
were, in a swoon, and are a good while be­
fore they come to themselves again. And 
that this swooning seems not to proceed 
from any Arsenical or Poyfonous Exhala­
tion contain’d in the Damp, as from its 
over-much condensing the Air,seems pro­
bable from lienee; That the fame Damps 
oftentimes leisurely extinguish the flames 
of their Candles or Lamps •, and from 
hence also that it appears (by many Rela­
tions of Authentical Authors) that in 
those Cellars where great ftoreot new 
Wine is set to work, men have been suffo­
cated by the too great plenty of the fleams 
exhaling from the Muft, and too much 
thickning the Air: as may be gathered 
from the cuftom that is now used in some 
hot Countrys, where those that have oc­
casion to go into such Cellars, carry with 
them a quantity of well kindled Coals, 
which they hold near their Faces; where­
by it comes to pass, that the Fire discus­
sing the Fumes, and rarefying the Air re­
duces the ambient Body to a consilience fie 
for Respiration, We
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We will adde (by way of confirmati­
on) the following Experiment: In such a 
small Receiver,as those wherein we kill'd 
divers Birds, we carefully clos'd up one, 
who, though for a quarter of an hour he 
seem'd not much prejudiced by the close­
ness of his Prison, afterwards began first 
to pant very vehemently,and keep his Bill 
very open, and then to appear very sick ; 
and last of all, after some long and violent 
(trainings,to cast up some little matter out 
of his Stomack: which he did several. 
times, till growing so sick, that he stag­
ger'd and gasp'd,as being just ready to die; 
we perceiv’d, that within about three 
quarters of an hour from the time that he 
was put in, he had so thickned and tainted 
the Air with the Steams of his Body, that 
it was become altogether unfit for the 
use of Respiration : Which he will not 
much wonder at, who has taken notice 
in Sanctorins his Static a <J\tedicina, how 
much that part of our Aliments, which 
goes off by insensible Transpiration, ex­
ceeds in weight all the visible and grosser 
Excrements both solid and liquid.

That(on the other side)an Air-too much 
dilated is not serviceable for the ends of

Respi-
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d Respiration, the hasty death of the AnL 

mal we kill'd in our exhausted Receiver, 
seems sufficiently to manifest. And it may 
not irrationally/foedoubted, whether or 
no, if a Man were rais'd to the very top 
of the Atmosphere, he would be able to 
live many minutes, and would not quick­
ly dye for want of such Air as we are 
wont to breath here below. And that 
this Conjecture may not appear extrava­
gant, -i (hall on this occasion subjoyn a 
memorable Relation that I have met with 
in the Learned raises bus i^fco/la, who 
tells us, That when he himself past the 
high Mountains of Peru, (which they call 
Puri&caca) to which, he fays, That the 
x_Alps themselves seem'd to them but as 
ordinary Houses, in regard of high Tow- 
ers, he and his Companions were surpri­
sed with such extream Pangs of Straining 
and Vomiting, (not without casting up 
Blood too land with so violent a Distem­
per, that he concludes he should undoubt­
edly have dyed, but that this lasted not a- 
bove three or four hours, before they 
came into a more convenient and natural 
temperature of Air. To which our Learn­
ed Author addes an Inference, which be­
ing the principal thing I design'd in men-

tioning
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tioning, thrNarrativc I shall set down 1st 
his own Words: I therefore (fays he)per- 
ftvade my self That the Element of the Air 
is there so subtle and delicate, as it is not 
proportionable with the breathing of Man, 
which requires a more gross and temperate 
Air 5 and I believe it is the cause that doth 
so much alter the Stomach, and trouble all 
the Disposition. Thus far our Author, I 
whose Words I mention, that we may 
ghefs by what happens somewhat near the 
Confines of the Atmosphere fthough 
probably far from the surface of it) what 
would happen beyond the Atmosphere. 
That which some of those that treat of the 
height of Mountains, relate out of Ari­
stotle, namely, That those that ascend to 
the top of the Mountain Olympus, could 
not keep themselves alive, without car­
rying with them wef Spunges, by whose 
assistance they could respire in that Air, o- 
therwise too thin for Respiration: (That 
Relation (I say) concerning this Moun­
tain) would much confirm what has been 
newly recited out of Acosta, if we had 
sufficient reason to belive it: But, I con­
fess, I am very dissident of the truth of it; 
partly because when I past’d the Alps, I 
took notice of no notible change betwixt
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the consistence of the Air at the top an J 
at the bottom of the Mountain-, partly 
because of a very punctual relation made 
by an English Gentleman, of his ascensi­
on to the top of the Pike of Tenaris 
(which is by great odds higher then Olym­
pus) I finde no mention of any such dif­
ficulty of breathing; and partly also be­
cause the fame Author tells us out of A- 
riflotle, That upon the top oi Olympus 
there is no motion of the Air, insomuch, 
that Letters traced upon the dust, have 
been, after many years, found legible,and 
not discompos'd $ whereas that Inquisi­
tive Btifbequius (who was Ambassador 
from the German to the Turkish Em- 

z. peror) in one of his Eloquent Epistles# 
tells us, upon his own knowledge, That 
Olympus may be seen from Constantino­
ple, blanch d rvith perpetual Snow *, which 
seems to argue, That the top of that, as 
well as of divers other tall Hills, is not a- 
bove that Region of the Air wherein Me­
teors are formed. Though otherwise, in 
that memorable Narrative which David 

JftdvT Fralichius, made of his ascent to the top 
m: Geo- of the prodigiously high Hungarian 

Mountain Carpatbus: he tells us, That 
when 3 having pafj d through very thick 
'" " Clouds»
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Clouds, he came to the very top of the Hill, 
he found the x^dir so calm and subtle, that 
not a hair of his head moved, whereas in the 
lower Stages of the cMountain he felt a ve­
hement Wind, But this might well be 
casual, as was his, having a clear Air 
where he was , though there were 
Clouds, not onely beneath him, but 
above him.

But (though what has been hither­
to discours'd, incline us to look up­
on the Ventilation and Depuration of 
the Blood, as one of the principal and 
constant uses of Respiration; yet) 
methinks it may be suspected that the 
Air does- something more then bare­
ly help to carry off what is thrown 
out of the Blood in its paffage through 
the Lungs, from the right Ventricle 
of the Heart to the left. For we fee, 
in Phlegmatick Constitutions and Dis­
eases, that- the Blood will circulate to­
lerably well, notwithstanding its being 
excessively serous: And in Asthmattcal 
Persons, we often fee, that though the 
Lungs be very much staff’d with tough 
Phlegm, yet the Patient may live some 
Moneths, if not some Years. So-that 
u it
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it seems scarce probable, that either the 
want of throwing out the superfluous Sc* 
rum of the Blood for a few Moments, or. 
the detaining it, during so fhorta while,in 
the Lungs, should i be .able to. kill a per-, 
fectly found and lively Animal: I fay, for 
a few moments, because, that having div 
vers times try’d the Experiment of killing 
Birds in a small Receiver, we commonly 
found, that within half a minute of an 
hour, or thereabouts, -the Bird would be 
furprif d by mortal Convulsions^and with- 
in about a minute more would be ftark 
dead, beyond the Recovery of the: Air; 
though never so hastily let in. Which 
fort of Experiments seem so strange, that 
we were oblig’d to make it several times, 
which gain'd it jthe 'Advantage.- of having 
Persons of differing Qualities, Profeili-. 
ons and Sexes, (as- not onfcly. Ladies and 
Lords, but Doctors and Mathematicians) 
to witness it. And'to fatisfie Your Lord­
ship, that it was noj the narrowness of the 
Vessel, but the sudden Exfuction of the 
Air that dispatch’d these Creatures so 
soon ; we willadde^That we onceindofd 
one of these Birds in one of these small 
Receivers, where; for a while,-he was so 
little sensible of his Imprisonment, that 

' > .... " - i he



he cat very cheatfully certain Seeds that 
we convey'd in with him, and noc,onely 
liv’d ten minutes, but had-probably liv'd 
much longer, had not a great Person, that 
was Spectator of some/of these Experi­
ments, rescu'd him from the prosecution 
of the Tryal. Another. Bird being with­
in about half a minute, ,cast into violent 
Convulsions, and reduc'd into a sprawling 
condition, upon the Ex suction of the Air, 
by the pitty of some. Fair. Lady's (related 
to Your Lordship) who made me .hastily 
let in some Air ac the Stop-cock, the 
gasping Animal was .presently, recover'd, 
and in a condition to enjoy the benefit o£ 
the Lady’s Compassion..! j And another 
time also,'being resolv’d.not to be mtqrn 
ruptedimrur Experiment,we did,at night, 
strut up a Bird in one of iour final! Reccif 
vers, and observ'd, that for a good while 
he so little felt the alteration of the! Ainj 
that he fell asleep wicbhis.head under his 
wing; and though he afterwards awak'd 
sick, yet he continu’d upon his legs ben 
tween forty; minutes and three quarters-of 
an hour; after which,..seeming ready to 
expire, we took him out, and soon found 
him able to make use of the liberty we 
gave him for a compensation of his suffer-* 
ings. ............... if



If to the foregoing Instances of the' 
sudden destruction of Animals, by the re­
moval of the ambient Air, we should now 
annex some, that we think fitter to re­
serve till anon-, perhaps YotfrLordship 
would suspect, with me, that there is some 
use of the Air, which we do not yet so 
well understand, that makes it so conti­
nually needful to the Life of Animals; 
Paracelsus indeed tells us, That as the Sto- 
mack concocis zjiieati and makes fart of 
it useful to the Body,rejecting the other fart, 
so the Lungs consume fart of the Air, and 
froscrihes the rest. So that according to 
our Hermetick Philofopher(as his follow­
ers would have him fill’d) it seems we may 
suppose, that there is in the Air a little 
vital Quintessence (if I may so call it) 
which serves to the refreshment and re­
storation of our vital Spirits, for which 
use the grosser and incomparably greater 
part of the Air being unserviceable, it 
need not seem strange that an Animal 
stands in need of almost incessantly draw­
ing in fresh Air. But though this Opinio 
on is not (as of some of the fame Author) 
abfur’d, yet besides that, it should not be 
barely asserted,but explicated and prov’d; 
ptfd besides that, some Objections may be

fram'd
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fram’d against it, out of what has been al-' 
ready argu’d against the Transmutation of 
Air into vital Spirits: Besides these 
things, it seems not probable, that the 
bare want of the Generation of the won­
ted quantity of vital Spirits, for less then 
one minute, should within that time be 
able to kill a lively Animal, without the 
help of any external violence at all.

But yet, on occasion ok this Opinion 
ok Paracelsus, perhaps it will not be im­
pertinent, if before I proceed, I acquaint 
Y our Lordship with a Conceit of that de­
servedly Famous Mechanician and Chy- 
mist, Cornelius Drcbell, who among o- 
ther strange things that he perform'd, is 
affirm’d (by more then a few credible Per­
sons) to have contriv’d for the fate Learn­
ed King primes, a Vestel to go under Wa­
ter ; of which, tryal was made in the 
Thames, with admired success, the Vestel 
carrying twelve Rowers, besides Passen­
gers; one of which is yet alive, and rela­
ted it to an excellent Mathematician that 
inform’d me of it. Now that for which 
I mention this Story, is, That having had 
the curiosity and opportunity to make 
particular Enquiries among the Relations 
of Drebell} and especially of an Ingenious 

A a Phy<
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sitian that marry’d his daughter, concer­
ning the grounds upon which he concei­
ved it feasible to make men unaccustom’d 
to continue so long under water without 
suffocation , or ( as the lastly mention’d 
Person that went in the veffellaffirmes ) 
without inconvenience. I was answer’d, 
that Drebcll conceiv’d , that 'tis not the 
whole body of the Air,but a certain Quin­
tessence (as Chymists fpeake) or spiritu­
ous part of it, that makes it fit for respira­
tion , which being spent, the remaining 
grosser body, or carcase f if I may so call 
it) of the Air, is unable to cherish the vi- 
tall flame residing in the heart: So that 
(for ought I could gather) besides the 
Mechanicall contrivance of his vessell he 
had a Chymicall liquor, which he accoun­
ted the ehiefe Secret of his submarine Na­
vigation. For when from time to time he 
perceiv’d, that the finer and purer part of 
the Air was consum'd, or over clogg’d by 
the respiration, and sseames of those that 
went in his ship, he would, by unstopping 
a vessel! full of this liquor,speedily ressore 
to the troubled Air such a proportion 
of Vitallparts, as would make it againe, 
for 2 good while, fit for Respiration,whe­
ther by dissipating, or precipitating the
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grosser Exhalations, or by some other in­
telligible way, I must not now stay to 
examine; Contenting my seise to add,that 
having had the opportunity to do some 
service to those of his Relations, that 
were most Intimate with him, and having 
made it my bustness to learne what this 
strange Liquor might be , they constantly 
aErm'd that Drebell would never disclose 
the Liquor unto any , nor so much as tell 
the matter whereof he made it, to above 
one Person, who himselfe allur'd me that 
it was.

This account of Drebell's performance* 
I mention, not that I any further assent to 
his opinion then I have already intimated, 
but because the man , and the Invention 
being extraordinary, I suppose Your 
Lordship will not be displeas'd to know 
the utmost I could learne about it; especi­
ally not having found it mention'd by any 
Writer. Wherefore I have been some­
times inclin'd to favourable thoughts of 
their opinion, who would have the Aire 
necessary to ventilate, and cherish the vi- 
tall flame, which they do suppose to be 
continually burning in the heart. For we 
see,that in ourEngine the flame of aLamp 
will last almost as little after the Exfucti- 
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on of the Air, as the life of an Animal! : 
Nay I remember, that though I devis'd a 
more promising way,to make a sire last in 
our exhausted Receiver, yet it would not 
succeed: We tooke a hard body made in 
the forme of a Glove, but twice as long, 
and proportionally thick, this body be­
ing made of such a Composition, that if it 
be kindl'd at the upper end, it will most 
certainly burn away to the very bot- 
tome,much better then a Match; we con­
vey’d it diverse times kindl d at the upper 
end, into one of our small Receivers, but 
still found, that though presently upon 
the Exfuction of the Air, it would leave 
fmoaking, and feeme quite gone out, and 
againe begin to smoke as soon as the Air 
was let in upon it$yet if the Air were kept 
out but foure or five minutes, the sire 
would be totally, and irrevocably ex­
tinguish'd - To which wee will adde, that 
though we convey'd into a great Re­
ceiver, a small lamp with rectifi’d spirit of 
Wine, that being lo pure as not to smut 
the Cotton vveeke, or so much as a piece 
of white Paper held over it; yet we could 
not by divers tryails make the flame last a 
couple of minutes after the Air was begun 
to be drawne out.But though our Engine

thus
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thus shews us anew kind of resemblance 
betwixt fire and life: yet the opinion we 
have last mention'd is not free from Dif­
ficulties For though in the hearts of ma­
ny Animall's Blood be a warm liquor,and 
in some ev'n a hot one; yet it is not eafie 
to conceive either how the Airs in sub­
stance ) can get thither, or how, incase it 
could , it were able to encreafe the heat. 
Since, however, the Air may encreafe the 
heat of a coale by blowing off the ashes, 
and making the active Corpuscles pierce 
further into the kindl'd body , and shatter 
it the more, yet we fee hot liquors have 
their heat allay’d, and not augmented,by 
having Air blown on them. And whereas 
some Eminent Naturalists think it not in. 
convenient, to make the heat residing in 
the heart to be a true flame, provided they 
adde,that ’tis such a temperate,and almost 
insensible fire , as the flame of spirit of 
Wine, which will long burne upon fine 
white Lumen or Paper without consu­
ming either: give mee leave to wish that 
they had been more curious to make diffe­
ring trials with that liquor.Forfas we ob­
serve in another Treatise) the reason why 
a Linnen cloth, flipp'd in common Spirit 
of Wine,iu not burnt by the flame of it,is 
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because the Phlegm of the Liquor de­
fends the Cloth. And the Flame of Spi­
rit of Wine is so far from being too weak 
to burn a piece of Paper, or of Linnen, 
that! have usd it in Lamps to distill Li­
quors out of tall Cucurbits, and found 
that the Spirit burn'd away indeed much 
faster then Salle t Oyl, but gave at least as 
great a heat: Nay, I have, for curiosity 
fake, melted crude Gold, and that rea­
dily enough, with the bare Flame of pure 
Spirit of Wine.

But not to press this any further, we 
will, on this occasion, venture to fubjoyn 
an odde Observation, which may perhaps 
invite to a further Enquiry into the Opi­
nion we have for Discourse fake oppos'd. 
Our English Democritus, Dr.Harvey,pro­
poses this difficult and noble Problem to 
Anatomists, why a fætus, even out of the 
Womb, if involv'd in the fecundities, may 
live a good while without Respiration ; but 
in cafe after having once begun to brcatbj 
its respiration be fiopp d, it will presently 

die. We are far from pretending to solve 
so hard a Problem, but this we try'd in re­
lation to it-, We took a Bitch that was 
said to be almost ready to whelp, and ha­
ving caus’d her to be bang’d, we presently

open’d
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open’d her Abdomen, and found four Pup- 
peys in her Womb; one of these we took 
out, and having freed him from the Tegu­
ments that involv'd him, and from the 
Liquor he swam in, we observ’d that he 
quickly open'd his Mouth very wide, 
mov’uhis Tongue, and exercis'd Respi­
ration ; then we open’d both his Abdomen 
and his Chest, and cut affunder the Dia- 
phragme, notwithstanding which , he 
seem d often to endeavor Respiring, and 
mov’d in 1 notable manner, both the In­
tercostal Mu fcles i part of the Diaphragms, 
the Mouth and the Tongue: But than 
which we mention this Puppy for, was 
this, That being desirous to try whether 
the other yong ones that had not yec 
breath’d at all, would long survive this 
or no we took them also out of the 
Womb, and having open'd them, found 
none of them so much alive, as to have 
any perceptible motion in his heart,where­
as the heart of that Puppy which had once 
enjoyd the benefit of Respiration, con­
tinu'd beating so long, that we our selves 
observ’d the Auricle to beat, after five or 
fix hours ; and a Servant that Raid up and 
watch’d it after we were gone to Bed, af­
firm’d, That he saw the Pulsation conti- 
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cue about two hours longer. I shall leave 
it to others to make Reflections upon this 
Observation, compar’d with Dr. Har­
veys Problem.

It is much doubted, whether Fishes 
breath under Water, and we (hall not take 
upon us, as yet, to determine the Questi­
on either way, because we have not yet 
been able to procure little k.flies alive to 
make Experiments upon: That such as 
are not Setaceous (for such manifestly 
breath) have not Respiration, properly 
so call'd; such as is exercis’d by four footed 
Beasts, and Birds, may be argu’d from 
their having but one cavity in their Hearts, 
& from their want of Lungs, whence they 
are observ’d to be Mute; unless we say, 
what is not altogether absurd, That their 
Gills seem somewhat Analogous (as to 
their use) to Lungs. But that on the other 
fide, Airis necessary to the Lives even 
of Fishes, and that therefore 'tis proba­
ble they have some obscure kinde of Re­
spiration, seems manifest by two or three 
Observations and Experiments,mention’d 
by divers Authors, who tell us, That 
Fishes Jo»n die in Ponds and Glasses quite 
fil’d with Water % if the one be so frozen 
ever, and the other so closely flopp'd, that 
the Fishes cannot enjoy the benefit of the
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jlr, if we allow them to be true.' But 
because these Relations are not wont to 
be deliver'd by Writers upon their own 
Knowledge^ as I ihall not reject: them, so 
I dare not build upon them,till I have op­
portunity to examine them by experience. 
In the mean time, we will adde, That our 
Engme has taught us two things that may 
illustrate the matter in hand: The one, 
That there is wont to lurk in Water, ma­
ny little parcels of interspers'd Air,where­
of it seems not impossible that Fishes may 
make some use, either by separating it 
when they .strain the Water thorow their 
Gills, or by some other way: The other, 
what may be collected from the following 
Experiment.

We took a large Eele (being able to 
procure no other Filh alive) and removing 
it out of the Vessel of Water, wherein 
it was brought us, into our great Recei­
ver, we caus’d the Air to be pump'd out; 
and observ'd, That the Eele, after some 
motion to and fro in the Glass, seem'd 
somewhat dif-compof'd ; and that when 
we had prosecuted the Exfuctionof the 
Air somewhat obstinately, she turn'd up 
her Belly, as dying Fillies are wont to do, 
and from thence-forward lay altogether

moveless,
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moveless, just as if she were stark dead; 
and though I did not think her so, yet the 
continuing in that Posture, even after the 
Cover of the Receiver! was taken off 
(whereby the Air was let in) I should have.1 
been of the Opinion of the Ly-standees,if 
the Diffidence I am wont to exercise in 
trying Experiments(efpedaHy such as are 
not usual) had not invited me to take the 
Fish out of che Receiver, upon which she 
shew’d her self, by her vivid motions, as 
much aliveas before.

^ But that is most strange which we ob-1 
serv’d of a great, gray, House Snail (as 
they call it) which beingdof-d up in one 
of our small Receivers, did not onely, 
not fall down from the fide of the Glass, 
upon the drawing out of the Air (For 
that may be ascrib’d to the tenacity of the 
Liquor wherewith Snails use to stick 
themselves,, even to the smoothest Bo­
dies ) but was not so much as depriv’d of 
progressive motion by the recess of the 
Air: Though except this Snail, we ne­
ver put any living Creature into our Re­
ceiver, whom it did not either kill, or ac 
least reduce to seem ready to dye. But 
as we shall not here examine what interest 
the glutinous, and uneasily-diffipable Na­

ture



( 373)

ture of the Juices of Snails, may have on 
this event; so whether this escape of our 
Eele be to be ascrib'd to the particular and 
vivacious Nature of this fort of Fishes? 
or to this, That the Air is not indeed ne­
cessary to the life of Fishes? or finally to 
this , That though these Animals need 
some Air, yet they need so little, that 
that which could not be drawn out of the 
Receiver, might (at least for a while) suf­
fice them, we will not now determine.

Nor are we at leisure to examine that 
Paradox of Hippocrates, which some 
Learned Physicians have of late reviv'd, 
namely , That the Fœtus respires in the 
Womb: For on the one fide it seems ve­
ry difficult to conceive, how Air should 
traverse the Body of the Mother, and the 
Teguments of the Childe: And since 
Nature has, in new-born Babes, contriv'd 
peculiar and temporary Vessels, that the 
Blood may circulate thorow other Passa­
ges, then it is wont to do in the fame In­
dividuals when they come to have the free 
use of their Lungs, it seems unlikely, 
that Infants in the.. Womb do properly 
respire. But then since our Experiments 
have manifested, That almost all kinde of 
Liquors do,as well as Water, abound with
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interspers'd Corpuscles of Air, it seems 
not altogether absurd to fay, That when 
the Fœtus is grown big, he may (especial­
ly the upper part of the involving Amni­
os, be ng destitute of Liquor, and fill'd 
onely with anhalituous Substance) exer­
cise some obscure Respiration •, especially, 
since'tis not (as many wife Men think it) 
a Fable, That Children have been heard 
to cry in the Mothers'Womb:For though 
it happens exceeding rarely, yet lome- 

„ times it has been observ'd. And I know 
a young Lady, whose Friends, when she 
was some Years since with Childe, com­
plain'd tome, That she was several times 
much frighted with the Cryes of her In­
fant, which, till I disabus'd Her,: She and 
Her Friends look’d upon as Portentous. 
And such Observations are the more cre­
dible, because not onely Houlwives, but 
more judicious Persons, mention it, as no 
very unfrequent thing to hear the Chick 
Pip or Cry in the Egg, before the Shell 
be broken. But this I mention but as 
a probable, not a cogent Argument, till 
I can discover whether an Elision of an 
halituous Substance, though noe true 
Air, may not at the top of the Larynx

obercpto--
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produce a Sound, since I find that the 
Blade of a Knife, held in feverall postmes 
in the streame of Vapors (or ratified Wa­
ter) that iilu’s out of an eÆolifile^ will af­
ford various and very audible Sounds.

I had thoughts of conveying into our 
Receiver young ones , ripped out of the 
worn be of their Dammes, with their in­
volving Coates intire, but could not pro­
cure them. And 1 have also had thoughts 
of trying whether it be not practicable, 
to make a Receiver, though not all of 
glasie , yet with little glasie windows, so 
placed, that one may freely look into it, 
capacious enough to hold a Man,who may 
observe feverall things, both touching 
Respiration,and divers other matters^and, 
who in cafe of fainting,may, by giving a 
signe of his weaknesie,be immediately re­
liev’d by having air let in upon him. And it 
seems not impossible, but that byaccusto- 
mance, some Men may bring themselves 
to support the want of Air a pretty while, 
since we fee that divers will live so much 
longer then other Men under Water: that 
those that dive for Pearlesin the Weft 
Indies are said to be able to ft ay a whole 
houre under water. And Cardan tels us of 
one Colaniis a Diver in Sicily , who was

able
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Cardan, de able to continue (if Cardan neither mi- 
Phils' ftake, nor impose upon us) three or foure 

times as long. Not to mind Your Lord- 
ship, that You have Your seise often seen 
in England^ a corpulent Man,who is wont 
to descend to the bottom e of the Thames, 
and bring out of the deep holes at the 
bottome of the bankes, large fishes alive 

K.z.c. i;.in his hands. And t_yf costa tels us,he saw 
in Peru the like manner of fishing, but 
more difficult, practised by the Indians.

I made mention of some Men, and of 
Accustomance : because there are but ve­
ry few, who, though they use themselves 
to it by degrees, are fit to support,for ma­
ny Minutes, the want of Air. Insomuch 
that an ingeniousMan of my acquaintance, 
who is very famous for the useful! skill 
of drawing Goods,and ev’n Ordnance out 
of funke Ships, being asked by mee, how 
long he was able to continue at the depth 
of 50. or 60. feet under water, without 
the use of Respiration, donfeffed to mee, 
that hee cannot continue above two mi­
nutes of an houre,without resorting to the 
Air, which he carries downe with him in a 
certaine Engine f whereof I can show your 
Lordship a Description.) Another thing 
I also learn'd of him by enquiry, that was
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not despicable: For asking him, whether 
he found any use of chawing little spon­
ges dipt in oyle in his Mouth,when he was 
perfectly under water, and at a distance 
from his Engine, he told me, that by the 
help of these sponges he could much lon­
ger support the want of his wonted Respi­
ration, then he was able to do without 
them. The true cause of which would per­
haps, if discovered , teach us some thing 
pertinent to the Probleme touching the 
Respiration of Fishes

But the necessity of Air to the most 
part of Animals unacoistom'd to the want 
of it, may best be judg'd of by the follow­
ing Experiments, which we try’din our En­
gine, to discover whether Infects them­
selves have not, either Respiration, or 
lame other use of the Air equivalent 
thereunto.

We tooke then an humble-bee, one of 
those common styes that are call'd flesh 
Ayes, and one of those hairy vvormes that 
resemble caterpillars , and are wont to be 
call’d Palmer-wormes : These three wee 
convey’d into one of our small Receivers, 
and observ'd to the great wonder of the 
Beholders, that not oneiy the Bee.snd the 
Fly fell downs - and lay with their bellies

upwards;
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Upwards; but the worms it seise seem’d to 
be suddenly struck dead : all of them be­
ing reduc'd to lye without motion, or any 
other discernable signe of life, within 
somewhat leflse (if we mistake not) then 
one minute of an home. And this,not­
withstanding the smalnefie of the Animals 
in proportion to the capacity of the ves­
sels : which circumstance we the rather 
mention,because we found that the vessel 1 
was not free from leaks. And to fatisfie 
the Spectators, that ’twas the absence of 
the Air that caus'd this great and sudden 
change: we had no sooner re-admitted the 
Air at the stopcock, than all the three In­
sects began to shew fignes of life,and little 
by little to recover. But when we had a- 
gain drawn out the Air,their motions pre­
sently ceased,& they fell down seemingly 
dead as before,cdtinuing moveless,as long 
as,by continuing to pump, the vesiell was 
kept exhausted. This invited us thankful­
ly to reflect.upon the wife goodnefle 
of the Creator, who by giving the Air a 
spring,has made it so very difficult,as men 
find it, to exclude a thing so necessary to 
Animals : and it gave us also occasion to 
suspect that if Insects have no lungs, nor 
any part analogous thereunto,the ambient

Air
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Air affects them, and relieves them at the 
Pores of their Skin, it not being irratio­
nal co extend,to. these Creatures that of 
Hippocrates $ who fays, That a Living 
Body is throughout perspirable; or to 
use his expression, *«Wm- 3 «.»»«>, dispos’d 
to admit and part with what is Spirituous: 
Which may be somewhat Illustrated by 
what we have elsewhere noted, That the 
naoister parts of the Air readily insinuate 
themselves into , and recede Trom the 
pores ot the Beards of wilde Oates, and 
those of divers other wilde Plants which 
almost continually wreath and urtwreath 
themselves according to, even, the light 
variations of the temperature of the am­
bient Air.:

:1, This Circumstance of our Experiment 
we particularly took notice of, that when 
at any time, upon the Ingress of the Air, 
the Bee began to recover, the first sign 
of Lite the gave, was a vehement pant­
ing, which appear’d near the Tail: Which 
we therefore mention, because we have 
observ’d the like in Bees drown'd in Wa­
ter, when they first come to be reviv’d by 
a convenient heat: As if the Air were in 
the one cafe as proper to fee the Spirits 
r, B b and
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and Alimental Juice a moving, as heat is 
in the other; and this may perchance de­
serve a further consideration.

We may adde, That we scarce ever saw 
any thing that seem’d so much as this Ex­
periment, to manifest, That even living 
Creatures (Man always excepted) are a 
kinde of curious Engines, fram'd and con­
triv’d by nature (or rather the Author of 
it) much more skilfully then our gross 
Tools and unperfect Wits can reach to. 
For in our present Instance we see Ani­
mals, vivid and perfectly found, depriv’d 
immediately of motion, and any discern• 
able signs of life, and reduc'd to a condi­
tion that differs from death, but in that it 
is not absolutely irrecoverable. This fl. 
fay)we fee perform'd without any,so much 
as the least external violence offered to 
the Engine unless it be such as is offer'd 
to a Wind-Mill, when the Wind ceasing 
to blow on the Sayls, all the several parts 
remain moveless and lifeless, till a new 
Breath put them into motion again.

And this was further very notablein 
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 $ and sometimes1'one half of the 
B6dy will,- for divers hours,1 walk up and 
down, when it is fever’d from the other:. 
Yet, upon'theExfuctionof the: Air, not 
onely the progressive motion of the 
whole Body,but the irery fnotibhs of the 
Limbs do forthwith cease • as if-the pre-' 
fence of the Air were more necessary to 
these Animals, then the prefence'Of theif 
own Heads.: - ton ir(!sb Iriguod: ■

But it seems, that in these Infects, that 
fluid Body(whether it bea Juice or Flame) 
Wherein Life chiefly resides, is nothing 
near so easily diflipable, as in perfect Ani­
mals. For where, as we have above re­
cited, that the Birds we conveyed into our 
small Receiver were within two minutes 
brought to be past Recovery, we were 
unable (though by tyring him that 
pump’d) to kill our Infects by the exfu* 
ctionof the Air: For though, as long 
as the Pump was kept moving* they con­
tinued immovable, yet when we desisted 
from pumping, the Air that press'd in at 
the unperceiv'd Leaks, did (though flow* 
ly) restore them to the free exercise of the 
f unctions of Life.

But, My Lord, I grow troublesome, 
and therefore shall pass on to other Expe-
V-:-: ' Bb $ rimeats:

. ;
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pevifnerttsYer without despairing of 
your pardon for having entertain’d you so 
long about the use of Respiration, because 
it is a subject of that difficulty to be ex­
plains and,yet of that importance^to 
humane;Life, that I shall npt regret the 
trouble my Experiments have cost me, if 
they be found in any degree serviceable to 
the purposes, to which .they were design'd. 
And though I despair not but that here­
after our Engine may furnish us with di­
vers Vh&nomenci useful to Illustrate the 
DoctvineoERespiration $ yet having not, 
as yetj-ohai the opportunity to make the 
other t.ryals, of various kinds, that I 
judge requisite for my Information: I 
must confess to Your Lordship, that in 
what I have hitherto said, t pretend not 
so much to gstablifh, or:'over-throw this 
or that Hyfitbifis, as to lay together di­
vers of the Particulars that occur’d to me, 
in order to ^future inquiry. I fay, di­
vers of the Particulars, because I could 
addemany others, but that I want time; 
and fear that I shall need’.Youv Lordships 
pardon, for having been so prolix in Wri­
ting ; and that of Physitians (which perr 
haps I shall more easily obtain) for having 
invaded Anatomy., a Discipline which



they challenge to themselves, and indeed 
have been the almost sole Improvers of. 
Without denying then that the inspir'd 
and exfpir’d Air may be sometimes very 
useful, by condensing and cooling the 
Blood that passes through the Lungs ; I 
hold that the depuration of the Blood in 
that passage, is not onely one of the or­
dinary, but one of the principal uses of 
Respiration. But I am apt also to suspect, 
that the Air does something else in Respi­
ration, which has not yet been sufficient­
ly explain’d; and therefore, till I have ex­
amin’d the matter more deliberately, I 
shall not scruple to answer the Questions 
that may be asked me touching the ge­
nuine useof Respiration, in the excellent 
Words employ'd by the acute St. AufHn, 
to one that ask’d him hard Questions:

alien* quidem (fays he) cor urn que a. 
me quœfivifli, habere fdentiam quam ig- 
n or anu am: fed quia id nondum potui, ma* 
gis cligo cautam ignorantiam confiteri, 
quam falfam [ctentiam pre fieri.

Bb 3 Having



. , 1L1Aving (partly upon the consideration" 
Ex7en‘ * ■* of some of the foregoing Expert- 
rucntqz. mentSj an(j partly upon grounds not now 

to be insisted on) entertain'd a suspition, 
that the action of Corrosive Liquors ini 
the dissolving of Bodies, may be conside­
rably varied by the gravitation or pressure 
of the incumbent Air, and the removal 
of it; I thought fit to examine my Con­
jecture by the following Experiment.

I took whole pieces of red Coral, and 
east them into as much Spirit of Vinager* 
as sufficed to swim above an Inch over 
them: These substances I made choice of, 
that the Ebullition upon the Solution 
might not be too great, and that the o- 
peration might last the longer.

Having then put about half-a-score 
Sprigs of Coral, together with the Men- 
flruim>into a somewhat long neck'd Viol, 
whereof they seem’d scarce to fill a third 
part, we convey’d that Viol into one of 
our small Pneumatic al Glasses, containing 
by ghefs about a Quart of Water; and 
having fastned on the Cover, after the 
accustom’d manner, we suffered the Li­

quor
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quor to remain unmov’d awhile, to ob­
serve whether the ^Menstruum would 
work upon the Coral otherwise then be­
fore. But finding there did onely arise, 
as formerly, a pretty number of small 
Bubbles, that made no sensible froth up­
on the surface of the distill'd Villager, 
there were made two or three Exfuctions 
of the Air; upon which, there emerg'd 
from the Corail such a multitude of Bub­
bles, as made the whole Body of the 
i M̂enstruum appear white; and soon af­
ter, a Froth, as big as all the reft of the 
Liquor, was seen to swim upon it: And 
the CMenftruum plainly appear'd to boil 
in the Glass, like a seething Pot. And 
though, if we desisted but one minute 
from pumping, the decrement of the 
Froth and Ebullition, upon the getting 
in of a little Air at some leak or other, 
seem’d to argue, that the removal of the 
the pressure of the external Air was the 
cause, or, ac least, the occasion of this 
effervescence: Yet to evince this the more 
clearly, we turn’d the Key, and let in the 
external Air at the Stop-cock; immedi­
ately upon whose entrance the Froth va­
nish'd, and so many of the Bubbles witli- 

B b 4 in
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mthe body of the Liquor disappear'd,that ie 
lost its whiteness,& grew transparent again: 
The (Jft'tenftrmm also working as languidly 
upon the coral,as it did before they were put 
into the Receiver: But when we had again 
drawn out the Air,first the whiteness re-ap- 
pear’d ,then the ebulition was renevvd, which, 
the pumping being awhile longer & nimbly 
pursued, grew so great, that for 3 or 4 times 
one after another, when ever the Air was let 
out of the Receiver into the emptyed Cylin­
der; the frothy liquor over-flow'd the glass, 
& 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 
transparent as at firstras ifindeed the operati­
on of it,upon the Coral,had been facilitated 
by the exluction of the incumbent air,wch on 
its recess,left it more eafie for the more active 
parts of the liquor to shew themselves such, 
then it was whilst the wonted pressure os the 
Air continued unremoved. It may indeed be 
suspected,that those vast & numerous Bub­
bles proceeded, not from the action of the 
Menstruum upon the Corail, but from the 
fuddain emersion of those many little parcels 
of air that(as we formerly observd)are wont 
to be dispers'd in liquors,without excluding 
Spirit os Vinegar-,but having had this sufpi- 
tion before we try d the Experiment,we con­

vey’d
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vey’d our distill’d Vinager alone into the Re­
ceiver,and kept it awhile thereto free it from 
its Bubbles (which were but very small) be­
fore ever we put the Coral 1 into it. It may 
be suspected likewise,that the agitation of the 
Liquor, necessary following upon the shaking 
of the Glass,by pumping,might occasion the 
recited Ebullition-, but upon tryal made,there 
appear’d not any notable change in the liquor, 
or its operation,though the containing Vessel 
were shaken,provided no Air were fuck’d out 
of it. The former Experiment was another 
time trydinanother small Receiver,with Co­
ral grofly poudred, and the success was very 
much alike, scarce differing in any thing, but 
that the Coral being reduc’d to smaller parts, 
upon the ebullition of the liquor,so many lit­
tle lumpsof Coral would be carryed & Bay’d 
up by the emerging Bubbles,as sometimes to 
darken the Viol -, though the fame Coralline 
Corpuscles would be let fall again upon the 
letting in of the Air.

Something also we try"d in our great Receiver, 
concerning the solution of Metals in Aquafortis, and 
other Corrosive Liquors, but partly the stink, and 
partly some accidents, kept us from observing any 
thing peculiar & remarkable about those Solutions.

One thing we must not omit .that when the Spirit 
oi Vinager was boiling upon the Coral, we took off 
the Cover of the Receiver.and took out the Viol,but 
could not hnde.that notwithstanding so very late an 
Ebullition, the Liquor had any heat great enough to 
b; at all sensible to our hands. We



VVE now fabjoyn an Experi- 
Experi- V V ment) which, if the former did 
WP-t. 43 • not lessen, the wonder of it would pro­

bably appear very strange to Your Lord­
ship, as it did to the first Spectators of 
it.

The Experiment was this: We caus'd 
Water to beboyVd a pretty while, that 
by the heat it might be freed from thela- 
titantAir, so often already taken notice 
of in common Water: Then almost fil­
ling with it a Glass Viol, capable of con­
taining near four Ounces of that Liquor; 
we convey’d it, whilst the Water was yet 
hot, mtoone of our small Receivers (big 
enough to hold about a pound of Water) 
and having luted on the Cover, we caus'd 
the Air to be drawn out: Upon the two 
first Exfuvtions, there scarce appear’d any 
change in the Liquor, nor was there any 

,notable alteration made by the third; but 
at the fourth, and afterwards, the Water 
appear’d to boyl in the Viol, as if it had 
stood over a very quick Fire; for the 
Bubbles were much greater then are usu­
ally found upon the Ebullition of very

much
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milch more Water then was contain’d in 
our Viol. And this Effervescence was so 
great in the upper part of the Water, that 
the Liquor boyling over the top of the 
Neck a pretty deal of it ran down into the 
Receiver, and sometimes continued 
(though more languidly) boyling there. 
Prosecuting this Experiment,weobserv’d, 
that sometimes, after the first Ebullition, 
we were reduc'd to make divers Exsucti­
ons of the Air, before the Liquor would 
be brought to boyl again. But at other 
times, as often as the Key was turn'd to 
let the Air pass from the Receiver into 
the Pump, the Effervescence would be­
gin afresh, though the Pump were ply'd 
for a pretty while together; which seem’d 
to argue, that the boyling of the Water 
proceeded from hence, That upon the 
withdrawing the pressure of the incumbent 
Air, either the Fiery Corpuscles, or ra­
ther the Vapors agitated by the heat in 
the Water (which last, what we have for­
merly noted touching the rarefied Wa­
ter of an vÆolipile, manifest to be capa* 
ble of an Elaftical Power) were permit­
ted to expand themselves mightily in the 
evacuated Receiver; and did, in their

tumul-
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tumultuous Dilation, lift up (as the Air 
is wont to do; the uppermost part of th& 
Water, and turning it into Bubbles, 
made the Water appear boiling. This 
conjecture was further confirm'd by these 
additional Circumstances:• First, The 
Effervescence was confin’d to-the upper- 
part of the Water, the lower remain­
ing quiet, unless the Liquor were but 
shallow. Next, although sometimes (as 
is already noted) the Ebullition began a- 

. gain, after it had ceafd a pretty while, 
which seem’d to infer, That (omeconcur­
rent cause (whatever that were) did a little 
Modifie the operation of heat; yet, when 
the water in the Viol could by no pum­
ping be brought to boil any more, the 
self-same Water, being in the very fame 
Viol warm’d again, and reconvey’d into 
the Pneumatical Glass, was quickly 
brought to boyl afresh, 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 leaf! shew 
of Effervescence. Besides, having try’d 
this Experiment in hot Sallet Oyl, be-
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Ing a much more tenacious Liquors andh 
requiring a stronger heat to make it boil, 
could not'be brought-to an Effer> 
vefcence in our Reciver; whereas the 
Chymical Qyl of Turpentine, being 
thinner and more volatile- was present­
ly ma.de to boyl up, till it reach’d four 
or Kve tinaes its former height in 'the 
Viol, ini whose bottom it lay, and con- 
tinti d,boyling till it -.was almost reduc’d 
to be but-luke-warm.; i: Wine also be­
ing a more .thin and. spirituous Liquor 
then W4ter, being convey'd in hot in­
stead of theOyl, did ,-as I remember, at 
the very firft Exfudion begin to boyl so 
vehemently,., that, in .as-short' time that 
the-Pump was keptmovlng, four parts 
of-divez; b.y-^ur ghefs> :boyld over out 
06 the! Viol:,though it had a pretty long 
Neck. vu" Oh which occasion we will-adde, 
that .e.ven.tjie Water .it self, near one 
half,j would sometimes .boyl over into 
the :Riecbver before^ it became luke­
warm. And it was also remarkable, that 
once, when the-Air had been drawn out, 
the Liquoru.'diiiy Upon a single Exsudi- 
otg bay Ho long with, prodigiously vast 
Bubbles,' that the Effervescence laded al­

most
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most as long as was requisite lor the re­
hearsing of a Pater Nosten- Now'the 
Experiment having been try’d more then 
onde,- and found to succeed as to the main, 
seems much to countenance the conjecture 
we made at the beginning of this' Letter, 
where we toldyour Lordship, That per­
haps the pressure of the Air might have an 
interest in morerpkanomena then men 
have hitherto thought. Bor as we had 
not then made this Experiment, so how 
We have made it, ? It seems to teach, That 
the Air, by its stronger or weaker pres* 
sure,- may vety much Mbdisie- (as the 
School-men speak) divers' of the Opera* 
lions of that .vehement and tumultuous 
Agitation of the small parts; of ^Bodies, 
wherein the natureof heat seems chiefly, if 
not solely, to consist. -Insomuch-thacif 
a heated Body Were convey'd - above the 
Atmosphere, 'tis probable that the heat 
may have a differing operation,i-as' to the 
•power of dissipating the partsofiCrfrom 
what it has here below. « :i nA. .r -w;

To conclude,; This Experiment might 
have been further prosecuted * but our 
want of leafure makes us content our 
selves to ad de at present; Thatpeihaps

it



it would not be lost labor if this were 
try’d, not onely with other Liquors, bue 
with variety of heated, and especially soft 
or melted Bodies: But in such cafes the 
Receiver ought to be so shap'd, as is most 
proper to preserve the Cement wherewith 
the Cover must be fastned on, from being 
melted by the heat of the included Mat­
ter $ the inconvenience to be hereby a- 
voided, having befallen us in the use of a 
Receiver too shallow, though otherwise 
capacious enough.
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O.P

s - : ; J -j;ij -iv: :u v;. '
The Conclusion. s:

; come thus far, My Dear Lord, 
not without thoughts of-proceeding 

further: The unwelcomelmportunity;of 
Occasions becomes so prevalent, that 

it quite hinders, for the present, my de­
sign'd Progress; and reduces me, not 
onely to reserve for another opportunity 
that kinde of Experiments, which, at

remember) Experiments of the second 
sort; but to leave unessay’d some of the 
first sort, which I might try in the En­
gine, as it now is, were it not that my 
Aydp&tions are grown so urgent, for my 
remove from the place where the Engine 
was set up, that I am put to write Your 
Lordship this Excuse, Weary, and in an 
Inne which I tafiedn my way to my Dear­

est
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rest Brother Corke: Who being at 
length arriv’d in England, after 1 have 
for diverse Yeares been deprived of His 
Company , ani wish’d for it as long? 
what ever nw other occasions may be, 
my first Bufiaest'e mast be to wait on 
Him and Your Excellent Mother; in 
whole gratefull Company I may hope 
to forget a while those publick calami­
ties that distreste this too deservedly 
unhappy Nation. Since that is indear’d; 
to me, both by their personal! Merit? 
by the near Relation which Nature 
gives me to Him, Affinity to Her, and 
Friendship to both? and also by their 
many Favours , especially that, of my 
owing them My Lord of Dungarvan- 
But I suffer my seise to be transported 
too farre with these delightful!' thoughts? 
To returne therefore to our Engine. 
Though I find this Letter is beyond my 
expectation fwell’d, not only into a 
Book, but almost into a Volume? yet 
the Experiments already mentioned in 
it, are so farre from comprising all those 
that may be try’d by the help of our 
Engine, that I have not yet been able to. 
try all those, which, presently occurring 

C c to
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to my thoughts, upon my first feeing 
the working of it, I Caus’d to be fee 
down in a Catalogue within lesle then 
halfe an houre. But I doubt I have but 
too much cause to apprehend that the 
Affaires, and other things I complains 
of, have made it needfull for me to A- 
pologize, as well for the things I have 
set down, as for those [ am necessitated 
to omit. For as partiall as men use to 
be to the children of their own Braines, 
as well as to those of their Loines, I 
must not deny that the foregoing Try- 
als are not altogether free from such 
unaccuratenesses, nor the recitall of them 
from such imperfections , as I my seise 
can now difeerne, and could perhaps 
partly mend, if I had the leafure to re­
peats the Experiments , with the Cir­
cumstances that have since offer'd them* 
selves to my thoughts, as things that 
might have been worth Observation or 
Enquiry. But the truth is, that 1 was 
reduc’d to make these Experiments, when 
my Thoughts had things that more 
concernd me to imploy them, and the 
fame avocations made me set them 
down, for the most part, astbone as I
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had made them, and in the fame order- 
and that so fast that I had not over-fre­
quently the opportunity to mind any 
more then the bare Truth of what I 
set down ; without allowing it any of 
those Advantages that Method, Style, 
and decent Embellishments, are wont to 
conferrc on the Composures 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 use of this 
Engine than 1 have yet been able to do, 
I am thus free to acknowledge the im­
perfections of the foregoing Letter: yet 
if some Intelligent Persons mistake not, 
by what has been done, such as it is, 
there is a way open’d, whereby Sagacious 
Wits will be assisted to make such fur­
ther Discoveries in some points of Na- 
turall Philosophy, as are yet scarce 
dveam’d of. And I am the more desirous 
to engage You to that Imployment, be­
cause I am apt to think , that if the Ma­
king and Writing of such Experiments 
shall cost You as much trouble as they 
have me, You will be inclin'd to Excuse 
me ; and if the Discoveries give You 

C C 2 ib
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as much pleasure as they gave me, You 
will ! perhaps) he invited to thank me. 
However, I think (my Lord) I may ju­
stly pretend, that the things I have fee 
down have been faithfully Recorded, 
though not elaborately Written-, and I 
suppose my former Papers may have long 
since fatisfVd You, that though many 
devise Experiments better than Your Ser­
vant, none perh. ps has related them more 
carefully and moretiuely: And particu­
larly of These * sometimes one, some­
times another hath been perform'd in the 
presence of Persons , diverse of them 
eminent for their Writings, and all for 
their Learning. Wheretore having in 
the foregoing Narratives made it my 
bufinesse to enoble them with the chiefe 
Requisites of Hrstoricall Composures, 
Candor, and Truth , I cannot despair 
that You will either Excuse their Imper­
fections, or at least Forgive them: Espe­
cially considering , that this unpolifhki 
Letter is as well a Production ofYotir 
Lordship's Commands and mv Obedi­
ence, as a Testimony of my Desire to 

others beholden to my Lord of
Dun-

mane



JDufigarvdtt, by the fame way by which 
1 mdcavour to exprdse my seise

BeC'ifs-fi Id this 
2o:h. ot Cetem- 
laer, I6Z9-

Moft obedient Servants 

and

Most affectionate Unckle,

0

%0‘BE'RX ‘BOYLE.
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