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NEW PNEUMATIC AL EXPERIMENTS about RESPIRATION.

Thefe Experiments , made.by that Indefatigable BenefaSlour to Philofophy  the
Honourable Robert Boyle.*# order to bring fome more Light to the DoSlrinb
of RESPIRATION, as well as to minifter occafton to Incjuifttive

liflsto make farther Refearches into the fame, were by their Noble Author
communicated to the Publifher of thefe Papers ® who efteem d it more conveni-
ent to make them a part of thefe Trails ( they taking up the room but of afew
Jheets) than to publijh them any other way.

The 1. Title. ‘
Obfervations made about the lafting of DUCKS included the Exhaufted
Receiver.

X "TAture having, as ZWkg//?/ teach us, furniflred Ducky and o-
1 \| ther water-Fowl with ? peculiar ftrufture of fome vetfels
about the heart, to enable them , when they have occafion to

Dive,
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Dive, to fdrbear for a prefty while refpiring under water with-
out prijadiceV I thought it wortli the tryal , whether fuch Birds
would much better than other Animals endure the ablence ofthe
Air in our exhaufled Receiver. The Accounts of which tryals
were, when they were made, regiftred as follows..

Expertmeni l.
We put a full-grown being, not then able to procure a
fitter) into a Receiver, whereof (he fill'd , byourgueis, a third
part or fomewhat more ybut was not able t

poftur.e init5 then pumping out the Air, though (he feemed at
fcff (which yet 1am not too confident of, upon a fingle tryal *)
to continue well fomewhat longer than a Hen in her condition
would have done * yet within the thort fpace of one minute (he
appeared much difcompoled, and between that and the (econdt
minute, her (Irugling and convulfive motions increafed fo much,
that* her head al(b hanging careldly down, (lie feemed to be juftv
at the point of death } from which we prefently refcued her by
letting in the Air upon her: Sothat, this Duck being reduced in
our Receiver to agafping condition within lefi than two minutes,

it did notappear, that, notwithflandingthe peculiar contrivance
of nature to enable thele Water? Birds to continue without refpi-
ration for feme time under water , this Duck was able to hold
cut confiderably longer than a Hen, or other Bird not-Aquatick, w
might have done : and to manifeft, that it was not clofenefs and :
narrowneis of the ve(lel,in reference to fo bulky an Animal,that
produced in the (ubjeft of put tryai the great and fuddain change -
above*recited, wefoon after included the fame Bird in the fame
Receiver, and having by a fpeciai way cemented it on very clofe,
We fuffered her to (lay thus (hut up with the Air for five times as >
long as formerly (by our guefle , helped by a watch>) without :
perceiving her to be difeompofed} and fie would probably have
continued longer in the fame condition, if my patience and lei-.
fure would have held out folong* as (be could have done in that «
prifon.

Experiment the 2.

Having at the feafon of the year procured a was
yet Callow,we conveyed her into the fame Receiver wherein the
former had been includedjand oblerved, that, though for a while
me appeared not much dilquieted, whilft the Air was pumping
©it of the glaft, yet before the firft minute was quite ended, (he

gave
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gave roanifefttokens of being much difordered y and the opera-

tion being continued a while longer, (he grew fo much worfe,

that leveral convulfive motions, (he fell into before a lecond mi-

nute was expired, obliged usto letjinthe Air upon her, whereby

(he quickly recovered*
NB. | determine not,whether it be proper inthis place to add,
that when the Receiver was pretty well exhaufted, the included
Bird appeared to the Spe&atormanifeftly bigger, than before the
« Alrwas withdrawn, efpecially about the crop, though that was
S very turgid before. And to manifeft, that in this Duck, as in the
% former, the convulfions, thatuledto be immediately followed
By Death, proceeded from the withdrawing of the ambient Air*
(% and riot from the clogging of it 5 we kept the fame Duckling in

the lame Receiver very dole, to keep out all external Air, and to
O keep in the excrementitiotis (teams of her body for above 6 min*
° without perceiving her to grow fick upon her imprifonment?
which yetlafted above thrice the time, that iufiBced to reduce her
in the abfence of the Air to a gafping condition.

NB. Jtnot being intended, that Ducks and other water* Fowl
fhould any more than other Birds live in an exceeding rarified,Airy
> but only be able to continue upoffoccafion a pretty while un*
der waterjt may fuffice,that the contrivance ofthofe parts,which
relate to Refpiration, be (b far fitted for the purpofe, aswefhall
fee it iswhen we come to the Tenth Title.

ber 2

publishing.org/

The II. Title,
Ofthe Thfnomenaafforded hj Vipers included in an Exha
Receiver.
/"Onfidering that Vipers are Animals endowed with Lurgs
(though of a differing ftru&urefrom thole of Men , Dogs,
Cats, Birds, 6cc.) and that their bloud is, as to fenfe, actually
cold 5 I thought, it might upon both thole accounts be very well
worth trying, what effedlhe withdrawing and abfence of the
Air would have upon Animals lo conftituted. | therefore mac!
divers tryals, lorne of which did not difpJeafe me, but I know
not by what misfortune the memorials of them were loll, except
two or three (which were not perfe&,)that I fhall here fubjoine.
Experiment the 1.
We included a Viper in a fmall Receiver, and as Jan.z.1662,
we drew out the Air*he began to fwell, and afford- 3
ed us thefe Phenomena, S2 I. It
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*>|t was a good while after we had left pumping” ere the Viper
began to fwtll fo much as to be forced to gape, which afterwards
file did*

a* That foe continued, by. our eftimate, above?  hours in
the exhaufted Receiver without giving clear proof of her being
Killed.

3. That after (he was onceib {welled, as to be compelled to
open her jaws, (he appeared (lender and lank again, and yet very
icon after appeared fwelled again, and had her jaws disjoined as
before* Experiment the 2.

We took a Viper, and including her in the greateft fort of fmaH
Receivers, we emptied the glafi very carefully , and the Viper
moved up and down within ,; as if it were to (eekdbr-Air, and
after a while foamed a little at the mouth, and left of that
fbamftieking to the infide of the glade: Her body fwelled n. fc
confiderably, and her neck lefle, till a pretty while after we had
left pumping $ but afterwards the body and neck grew prodigi-
oufly tumid, and a blifter appeared upon the back* An hour and
an half after the Exhauftion of the Receiver .( which we then
by tryal found to be pretty (launch) the diftended Viper did
give by motion manifeft figns of life*, but we obftrved none
afterwards* TheTumor reached to the neck , butdid not feem
much to fweh the under-chap. Both the neck and agreat pajfc-
of the throat, being held betwixt the eye and the candle , were
tranfparent enough, where the fcales did not darken them* The
jaws remained mightily opened, and fomewhat diftorted $ the
Epiglottis with the rimnla Laryngij (whic
protruded almoft to the further end of the nether-chap. As it
Were from beneath this Epiglottis came the black tongue,and rea®
chedbeyond it, but-feemed by its pcfturenot to have any life ,
and the mouth alfo was grown blaekifo within: but the Air be-
ing readmitted after 23 hours inall, the Viper’s mouth was pre-
ftntly cloftd, though foon after it was opened again, aud conti-
nued long io 5and fcorching or pinching the tail made a motion
in the whole body, that argued fome life*.

Experiment the 3.
dpul 24, theft Experiments upon Vipers, | fliall add One,
made upon an ordinary harmlefe Srtakg.

We included fuch an Animal, together with a Cage,in a pretty

portable Receiver, which*, being exhaufted and well fecured a-
gainft
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eainft theingrefs of the Air,was laid afide in a quiet place,where
ft continued from io or 11 a clock in the forenoon, till about *
the next morning ? and then my occafions calling me abroad, |
looked upop the Snake, which, though he feeroed to be dead,
and gave no figns of life upon the lhakmg ofthe Receiver , yet
upon holding the glafs a convenient diftanee from a moderate
fte, he did in a (hort time manifeft himfelf to be alive by feveral
tokens, and even by putting forth his forked tongue* In that con*
dition I left him, and, by reafon of feveral avocations, came not
to look urourfiim again till the next day early in the after noon *
at which time he was grown part recovery, and his jaws, which
were formerly (hut, gaped exceeding wide, as if they had been
ftretched open.by feme externalviolence.

The IH. Title.
Ofthe Phenomena afforded by Frogs in an Exhaled
VCr.
A-nr*He fame confiderations that induced me to
JL maketryupon Vipers* did alfb invite me
to make feveral upon Frogs $the fiiccefs of fc
following Notes will declare.
Experiment the ti
We took a large lufty Froghand having i
Receiver, we drew outr the Air* and left her not very much fwel-
led, and able to move her throat* from time to time, though not
fo faft as when ftoe freely breathed before the Exu&ion of the Air,
She continued alive about two hours, that we took notice of$
fometimes removing from the one fide of the Receiver to the o-
ther 5 but (he fwelled more than before, and did not appear by
any motion of her Throat or Thorax to exererfe Refpirationj
but her head was not very much fwelled, nor her mouth forced
opens* After fhe had remained there fomewhat above three*hours
(for it was not 3j*hours) perceiving no fign of life in her, we let
in the Air upon her, with which (j"e formerly tumid body fhrunk
very much, but leemed not to have any other change wrought in
it$ and though we took her out of the Receiver, yet in the free
Air itfelf3be continued to appear fiarkdead; Neverthelels to fee
the utmoft ofthe Experiment, having caufed her to be laid upon
the grafs in aGarden alhnigh*, the next rooming, we.founds her

fectly ali ifly*.
perfectly alive agarfly* Experimenti
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Experiment the 2#
* L About 11 ofthe Clock in the fore: noon, we put
r*w 6 a Frog into a (mail Receiver, containing about
45i omc. Troy weight of water, out of which we had tolerably
well drawn the Air, (fo that when we turned the cock under wa-

ter” fucked in about iI“ounc.of water:)The F

it (the Receiver all the while under water ) lively enough till a-
bout 50f the clock inthe afternoon, when it expired. The Frog
at the firft feemed not to be much altered by the exuftion ofthe
Air, but continued breathing both with her throat*nd lungs.
Experiment the
We included into a pretty large Receiver a cott-
eft 1 2 of Frogs newly taken, the one not above an inch
Jong, and proportionally (lender* the other, very large and lufty*
Whiift the Air was drawing out, the lefler Frog (kipped Upand
down very lively, and, (bmewhat to our wonder, clambered up
feveral times to the (ides of the Receiver, infomuch that he fbme-
mmes wrefted himfelfagainft the fide of the gla(s. When his body
(eemedto be perpendicular to the Horizon, if notin a reclining
pofture, he continued to (kip up and down a while after the ex-
u&ion of the Air, but within a quarter of an hour (meafured by
a minute*watch) we perceived him to lye dark dead with his bel-
ly upwards. The other Frog, that was very large and ftrong,
though he began to fwell much upon the withdrawing ofthe Air,
and feemed to be diftreffei,by his frequently leaping up after the
Air was drawn out, which he did not before,yet being as we (aid
very lufty,he held out half an hour,at which time it was remark*
able, that the Receiver, though it had held out againft the pref*
fureof the outward Air, during that fpace of time, notwith-
standing that a piece of it had been cracked out, and was mend-
ed with a cloth deep’d in Cement,yet at the end of the halfhour,
the weight of the outward Air fuddenly beat it in, and thereby
brought theimprifoned Frog a reprieve, which hindered us from
bringing the Experiment to an blue*
Experiment the 4th.
St 1L We took a fmallFrog, and having conveyed herinto
avery (mall portable Receiver, we began to pump out
the Air. At firft (he was lively enough, but when the Air began
to be confiderably withdrawn, (he appeared to be very much dif-
quieted (leaping fometimes after an odd manner, as it wereto get
‘ ' ©f out
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out of the uneafy prifon,) Butyet not fo, but that, after the ope-
ration was ended and the Receiver taken off, the Frog was per-
fectly alive, and continued to appear fo ( if I am not miftaken )
near an hour, though the Abdomen was muchyand the throat

fcmewhatextended $ this latter part having allb left that wonted

panting motion, that is fuppofed to argue and accompany the
refpiration of Frogs. At the end of about 34 hours, after the re-
moval ofthe Receiver from the pump, the Airwas let iny where-
upon the Abdomen, which by that timp was ftrangly fwelled, did
not only fubfide, but feemed to have a great cavity init, as the
throat alfb proportionably had $ which cavityes continued, the
Frog being gone part all recovery.
Experiment the 5th.
Alarge Frog wa9 conveyed into a plated Receiver,
and the Air being withdrawn, her body by degrees was
diftended 5as appeared very notably, when by acafualfpringing
of a leak, the Air got in again, and madeher look much more
lank and hollow than even The Receiver with the Gage were
kept under water near feven hours,becaufe | was obliged to ftay
long abroad $ at the endof which coming home | found the Re-
ceiver (launch, but the Frog dead and exceedingly fwelled: up-
onthe letting in of the Air, fhe became more hollow and lank
than ever.

NB. I have purpofely, both under this Title and fome others,
fiibjoyned (bme Tryals, whole events are not altogether fuch , as
others, recited under the fame head, would invite one to expeCt5
but 1 purpofely do it, not only to be true to the Impartiality , |
propofed to my felf in writing theft Narratives, but to awaken
the dfrious to confider and obferve what variety of
in fiich tryals, may be attributed to the ftafbn of the year, Where-
inthey are made 5 and to theftrength, bulk* age, peculiar con-
flitutions, that relate to the refpeClive Animal, on which the
Experiments are made, befides, what things may on other ach
counts be fit to be alfb considered.

The V. Title.
Ofthe VhattoMena afforded by a newly kjttend Killing in the
Exhaujied Receiver.

TTSEing defirous to try, whether Animals, that had lately been
J J accuftomedto live either without any® or witheut afad Re-
(piration®
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fpiration, would not be more d fficultly or flowly killed by the
want o f the Air, than othcrs,which had been longer ufed to a free
Rcfpiration ; We took a Kitting that had been kittend the day
before, and put it into a very (mall Receiver (that we guefled to
hold about a pint or lefs) that it might be the fooner exhaufted.
As (bon asthe pump began to play, f took notice of the time,and
found by aWatch , that marks Minutes and Quarter-Minutes,
within one minute or a little more after the Air firft began to be
withdrawn, that the little Animal,who in.the mean time had ga(p»
ed for life, and had fome violent conv.ulfions, lay as dead with his
head downwards, and his tongueout $ but upon letting in ofthe
Air, he did inatrice (hew figns of life,and being taken out ofthe
Receiver quickly recovered: And to allow him the benefit ofhh
j*ood fortune, we fent for a Killing of .the fame age and litter,
ivhichbeing put into the fame Receiver, quickly began, like the
ot her, to have convulfions,after which he lay as dead 5 but ob-
ferving very narrowly, | perceived fome little motions, which
made me conclude him alive* which 1 foon found | had caufe to
do. Forthough we continued pumping, and could not perceive
that the Engine leaked more than inthe former Experiments 5 the
Ritling began to ftiragain, and after a while had ftronger and
more general convulfions than before « till at the end of full fix
minutes after the Exu&ion of the Air was begun, the Animal
feeming quite dead, the outward Air was readmitted into the
Receiver, which not reviving him a§it had donethe other,he wag
taken out of the veflel, and lay with his mouth open, and his
tongue lolling out without any fenfible breathing, and puliation;
till having ordered him to be pinched, the pain or fome internal
motion, produced by the external violence done to him, 'made
him immediately give manifeft figns of life, though there was yet
no fenfible motion of the heart or the lungs 5 but afterwards ga-
ping and fetching his breath inan odd manner, and with much

draining, as | havefeen fome Fetus'sdo,

womb, he little by little, within about aquarter ofan hour, reco-
vered : wherefore thinking it fevere to make him undergo the
famemeafure again, we font for another, kitten d at the fame
time, and inciofing that alfo in the Receiver, obferved,,that di-
vers violent convulfions, as it were gafping for breath, into which
he beganuofall at the fecond or third fuck, ended in a feeming
death, within about a minutfeand »anhal£ But being made more

diffident
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diffident by the late Experiments,! caufed the ptimp to be piped,
and the rather, becaufe | had amindto obferve, whether when
the Air was from time to time drawn away, there would not,up-
on the opening of the ftop-kock to let it out, appear feme fudden
fwellmg, greater or lefs.ofthe body of the Animal,by the fpring
and expanfion of feme Air (or Aerial matter) included in the
Thorax, or the Abdomen. Suchan inflation ( though not great)
we thought we obferved $ but till further tryal | dare not acqui-
esce in it? A while aftcr,notwithftandingour continuing to pump,
the Killing gave manifeft figns of life, which was not till it had en-
dured divers convulfions, asgreat asthofe of the firft fit, if not
greater. When 7min. fromlhe beginning of the exhauftion were
compleated, we let in the Airy upon which the little creature,
that feemed ftark dead before, made us fufpeft that he might re-
cover? but though wetook'him out ofthe Receiver, and put A-
quavite into his mouth,yet he irrecoverably dyed in our hands.

Thefetryals maydeferveto beprofecuted with further ones,
to be made not only with fuch Kittens,but with other very young
Animals of different kinds; for by what has been related it ap-
pears, that thofe Animals continued 3 times longer m the Exhau-
fted Receiver, than other Animals of that bignefs would proba-

bly have done*

- The V. Tittle. e H
Some tryalsabout the Air ufuahart
‘ thePores of WaterSee. # :

t T might affift us to make the more rational conjectures about
J the Phasnomena of divers of our Experiments 5 if v knew
{ fomething near ) what quantity of Aerial (ubuance is ufually
found in the liquors,we imploy about them,efpecially in that molt
common of themjW*"/er.Ard therefore,though it be Very difficult,
(«if at all pcffible) to determine the proportion oftheAir, that
lurks in water, with any thing of certainty, many circurnftances
making it fubiedt to vary very much 5 yet to make thebeilt elti-

mate* | eafily could, where none atall that | know”of hath been -
hitherto made by any man, | confdered, that it might afford us
fome light, if we dilcovered at leaft what proportion, as to bulk,
the Air latitaht ina quantity of water would have to the liquor it
came from, when the Aerial particles ftould be gathered toge-

ther*into one place. ;iFot,though aboutxthis union,and the p{'n
a
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that may be confequent to it, fotne doubts may be fiiggefted,
which | have not now time to diicufle*yet \ fuppofed, that at leaft
fume dilcoveries would by this way be made, though not of the
true proportion between the Airand the Water, yet about two
or three particulars, in due time to betaken notice of*

To find Inftruments, which would any way accommodate our
purpole,proved a very difficult work”fo that among other things,
that we were fain to do,this was one, that to evince how little the
Air, latitant in water?did appear to leflen the bulk of that water,
if it were fuffered to flye away in an open Tube * we fuffered it
to-efcape in an exhaufted Receiver without any artifice to catch
it v by which tryafthe water did not*part with any thing of its
bulk, that made a diminution fenftble to the eye. Wherefore we
endeavoured to make this lofs vifible by fome other tryals, of
which | can find but a few hafty memorials among my lofe En-
tryes.

yA Chymical pipefealed at one end, and  inches (or fome-
what left) in length, was fill’d with water >and inverted into &
glafs veflel, not two inchesin diameter , and but %of an inch or
little more in depth. Thefe glafles being conveyed into a fit Re-
ceiver, and the Air being leifurely pumped out, and fomewhat
Uowly readmitted , the numerous bubbles 5 that had aicended
during the operation, eonftituted at the top an Aerial Aggre-
gate, mounting to d wanting about 100 part ofaninch.
8dean m*Prefently after, the Tube (by and by to be deferi-

Exdermentu  "“edy was gjlec| again with the lame water, and in-
verted , and the water being drawn down to the (urfaceof the
vefiTelled water” and the Air let inagain, the water was impel-
led up to the very top within a loth and halfa tenth of an-inch*
The Tube for meafuring the Air latitant in water was 43* in-
ches above the furface of the ftagnant water: the Air collected
out of the bubbles at the top oftne water, was the firft time J
of an inch and fomewhat better 3 the ftcond time we eftimatedi
it but| and ?i. The firft time the water in the pipe was made to
fubfide full as low as the furface of the reftagnant water; the
fecond time the loweft, we made it fiibfide>feemed to be 4.or 5
inches above the fiiriace of the water in the open veflel.
Matter of fa&ths recited would afford divers difficul

worthy to be confidered, which I.have not leifure to difeufie 4

cfpecially the Odd thiDg that happens to the Aerial particles of

water:
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water: For though, whilft they lay concealed in the water,they
took up fblittle room init, that it was infcnfible, and when they
were permitted to efcape out of the Tube, the water was not
manifedly diminifhed by their recede $ yet when they were ado-
ciated at thetop of the Tube, their aggregate did fothetimes
maintain a place, that was confiderable enough in reference to
the capacity of the whple Tube 5though I mud here advert
that this Aggregate did at the top of the Tube poflfeis more room
than its bulk didabfolutely require, becauie it was fomewhat
defended from the predtire of the Atmofphere by the weight of
the fubjacent Cylinder of water, which mightbe about three or
four foot long.

Qutrt: Whether any confiderable proportion ©f Bubbles will
be afforded by the fame liquor, if it be fuffered to continue inthe
glad for fome competent time, after it has been once,or oftener,
freed from bubbles already ?

gat How far it may be worthy our confideration, whether
In common water there may not be concealed Air ehough to be
ofufe to fuch cold Animals as Fifhcs5
parable from the water, that drainsthrough their gills)

But though | was at fird content to make ufe of this way of C*
dimating the Air concealed in water, yet when | came where 1
could be a little better accommodated with glades, 1bethought
my felfof afmall IndrShient,that would much better difclofe the
wonderful plenty of the Asrial particles | defigned to difcover*
The drufture and ufe of this Glafs may be eafiiy enough under-
dood by the recital of the fird Experiment, that was made with
it, whereoftake the fallowing Trau

We provided a clear round Glafs, furnifhed with a pipe or
demofabout 9 inches in length, theglobulous part of the glafe
being on the outfide about 3i inches in diameter 5 the Pipe of
this glafs was within an inch of the top, melted at the flame of a
Xainp , and drawn out for two or three inches as (lender asa
Grow’s-quill, that the decrement ofthe vy#ler upon the Recede
of the Air, harboured in its pores, might, ifany fhould happen,
be the more eafiiy obferved and eflimatw* Above this (lender
partofthe Pipe, the Glais, aswas before intimated, was of the
feme largenefs (or near it), with the red of the Pipe, that the A-
erial bi“bbles"afeeBding through the {lender part,might there find
room tor break, and fo prevent the overflowing , or lot of any
;part ofthe water. - ™ | : T This
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y This Veflel being not without difficulty and (btne Induftry fib
led, till the liquor reached to the top of the (lender part) where
not being uniformly enough drawn outfit was fomewhat broader
than elfewhere 5 we conveyed the Glafs , together with apede-
ftal for it to reft upon, into a tall Receiver, and pumping out
the Air,there difclofed themfelves numerous bubbles afeending
nimbly to the upper part of the Glaft, where they made a kind
of froth or foam $ but by reafon of the above-mentioned figu-
ration of the Veflel, they broke at the top of the (lender part j
and fo never came to overflow*

T his done, the pump was fjffered to reft a while,1to give the
Aerial particles, lodged in the water, time to leparate themlelves
and emerge, which when they had done a pretty while,the pump
was plyed again, for fear fome Air fhould have ftolen into fo
large a Receiver* Thefe viciflitudes of pumping and refting la-
fted fora confiderable time , till at length the bubbles began to
be very rare, and we weary of waiting any longery (bon after
which the external Air was let into the Receiver, and it appear-
ed fomewhat Arrange to the Spectators, that notwithftanding fo
great amultitude of Bubbles, as had efcaped out of the water
I could not by attentively comparing the place where the fur-
face of the water refted at firft ( to which a mark had been af-
fix'd) with that where it now flood * | could not, 1| fay, dip
cern the difference to amount to above, irfo much, as an hairs
breadth 5 and the chief Operator in the Experiment profefled
that, for his part, he could not perceive any difference at
all.

Thus far for the Narrative of the tryal made by Watery Dblit
that was not the only Liquor, into whole Aerial particles | de-
ftgned by our little Inftrument to enquire $ and therefore filling
a Glafs of the fame (hape, and much of the fame bignefe, with
Glaret m m @nd placing it upon a convenient Pedeftal in &
Receiver,we caufed fome of the Air to be pumped out5 where-
upon in a fhort time there emerged, through the (lender Pipe”
fo very great a multirhde of Bubbles, that were darted,as it were,
upwards, as did nor alittle both pleafe and furprize the Behold®
ers: butit forced us to go warily to work, for fear the Glals
fliould break, or the wine overflow. Wherefore we feafonably
left off pumping, before the Receiver was anything near ex-
huufted, and fuffered the Bubbles to get away as they could

till
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tiH theIprtfcnt dapger wasTDyCTpaflfoirpd. i??
time we pump’d a little more Air out of the Receiver, «U *||
were weary , the withdrawing ofa moderate quantity of Air
at a time fufficing, even at the latter end » to make the Bubbles
eot only copioufly, butvery fwiftly aic<Gnd}t>y a minute Wai;ch)
foraboveaquartepof an hour,together...: k=, .10

ThfeMitt-le loftrument, made ujie of 4Pout tteie.tryals , being
defignttd to examine* afflong otter things® the quantity of Bub*
bles lurking in feveral Liquorstp te:?pplyed to Spirit 0/

Wine and Gids that are morefubtil Liquorsthan Wine
it feif. And (bmecil*umftancesofourjryaj”jpadofixthinf*ibat
it might be worth examining /y i4d*a.t)kiot; tP

obtained by this way of hahdliog Aerial gnd SpimuouaCbrpui;-
eks. Butofthe otter ufesof ourJnflrument elfewhere* :4 ~

2 ThemvTMei®Mi ¢ —
| tyfim '-TkM mtui afitrdeA.ty
0 jted B kceify & 1W f]f

t b, 1« . fhe 1%0[j(® > .
| a N Oyfier being but into a very final! jgLeceiyfr,, and kept In
j £\ long ehough to have (ueceffively kilW three or four Birds
te Beaftsj & a wasbo«therSliy kil\Vd siifMbifgS Qughtmye qqqld
perceive, confider*bly didurbldi® only atfeaph
eeiv’d, that the Air contain’d between th$ two Shells broke qu,t
at their Commiflure, as we concluded frord the foam which at
thofe times came forth all round that Commiflure* About twen*
ty fohr hours after, coming to foein wbar concoition this Oy fter
was, 1 found, that both this, and another that had been put at
the fame tinieltitohe Receiver*: wefce aliye® but haw long af-
terwards they continued fo, | did UPSobfcrye. ah« #

o Experiment the 2* |

That fame day we put hi pretty large * pretty-
large Receiver, and found”tbat tho”n be badbeen”njurd by
a fall before he was brbufehti thither, yet he fcem*d not to be
much incommoded by being»iiicluded, till the Airwas in great
meafure pump’dropt, and then its former motion prefently cea-
(ed, andlhe I8y as dead y till, upon the letting in a littre Atrinta
the Receiver, hebegan fortwith to moye”i ftelh. And nppn,th©
withdrawing th.e Air again, he-prefently, as before, became

movellefe" JHaving repeated”this,pryal two or three times 3 WIS
Al * . ‘ too
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took himout <fithe Recover, where he appear'd not to have
fuffer'd any haring A
*Experiment the 3.

But! thought it not unlikelyy that there may be lome fuch
inequality imihe ftrength or vivacity of Animals, asto fuch kind
of Experimentsas ours, *thatheight be well worth while in fe-
veral cafes to reiterateour Tryals. And on this occafion 1 (hall
here add, thatlhavihg put ad dyBer into a viol full of Water,
before we included itih the Receiver, that,through the liquor
the motion of the Bubbles, expeded from the Fifh, might be the
more pleafadtly feen: and confiderd, this Oyfter provd fo
ftrohg, asto keep it (elf dofe fliut> and reprefs’d the Eruption
of the Bubbles” that in the other did force open the (hells from
time to time * and kept in its own Air as long as we had occafiog
to continue the Tryals.

Experiment the 4th.

Moreover a &raw-Fijft,that was thought more vigor
Cubftituted inthe place of the former Craw-Fifh, though once he
ftem'd to lofe his motion together with the Air, yet afterwards
be continued moving inthe Receiver, in (pight of pur pumping:
Whether becaofe there was fome unperceiv d leaking” that hin»
dred a fufficient Exhauftion oFthaAir, or becaufe this pardeijr
Jar Animal wasmore fltbng or vivid than the other, 2ve could
tiot positively determine, n

: The VII.- Title. V.-
Ofthe fb&nmenk if AScale- Fvh
vet. VMOU - ‘iod I 1 aoi
ATNHe following Experiment is far from being the firA that
JL was made on a Scale-Fifh in our but.in regarci

that the Receivers® wherein thole tryajs were made, the Exter-
nal Air cotrld hot be keptout near fo long, and fowell as inthe
Vellel 1 amabout to mention, | judg’d it well wotth the pains
toobferve, ‘lyhat would happen to a Fifli in an exhaufted Vei-
(el, where it fliould be kept for (bme hours together from all
fupply of frefh Air. And therefore | made. fev8r«l Tryals to that
purpofe”™ whereofthat5 which | think the moft coafidcrahle,
wasRegiftred asfofléws :n' \J*i

We took a Receiver ftiap’d almoft like a Bolthead, contalnmg

by eftimation near a Pint, and the Globulous par® of it tl)eln
almoft
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halffall of water, we putinto it, at the Orifice ( which was™*
pretty large) a final! Gudgeon” aout three Incl
when it was in the Water fwam nimbly up and down therein.
Then having drawn out the Air Ib well, that we guefi'd by 4
Gage, that about nineteen parts oftwenty or more might be"Cx-
haufted, we fecurd our felves, that the regreft of the Airife”uld”®
not injure our Experiment & about which we oblervd thefe part
ticulars.

Frfl, The neck of the Glafibeing very long , though there
appeared great (tore of Bubbles all about the Fifli$ yet the reft’
of the Water, notwithftanding the withdrawing of (0 much
Air ashas been mention'd, emitted no froth, and but few Bub-
bles* . idr rjod gy riz ti gffhd $h  edf *|urmb

Secondly, The FHCh both at his mouth andgills did y for a
great while,, dilcharge luch a quantity of Bubbles as appear'd
ftrange, and for about half an hour or more f for much longer
> | had not opportunity to watchit,) when ever he refted a while*
new Bubbles would adhere to many parts of his Bfcdy (a«4f'they
were generated thbre):'efpedally his Fine and TayleiiSothathe
wfoula appear almoft befet with Bubbles andif* being excited
to fwim, he wasmadeto fluke them off, he would quickly y up*

op a little Reft}be befet with new ones as before.

m  ThirdlyAlfnoil all the while irfe would gape and move his
Gills, asbefore he was included $ though towards the end of th
time that f wateh di, it often happen'd” that He neither toofc in,
nor emitted any Aerial particles that | could perceive;

Fourthly, After awhile he lay almoft conftantly with his Belfy
upwards,, and yet would in that pofture fwim brilkly as be-

m fore. |
Hfthlyihky-after awhile he feem’d to be more lively than at
firft putting in5 whether by reafon, that by dilcharge of lo ma-
ny Bubbles , which by their diftenlion perhaps put him to pain,,
he found himfelf reliev’d ,vor for fome other caule examine
poti-} v- T .otVvn,.

Havingoccafion to go abroad, | return*d abbut™an hour and;
ahalfafter he had beenleald up,and found him almoft free from;
Bubbles, and with his Belly upwards, and-leeming ibmeWhat tu®
mid, but yet lively as before. But an hour and a quarternafterr
that, when rifing from dinner 1 went to look upon him again,.
hefeem'dto be cnovdefs and fomewhat ftiiTj yet upon!; (bakiﬂg :

thee
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the Glafs, obfervingfome faint fignsoflife In him by feme Lan-
guid, motions, be attempted to mate when excited to them"jH
open t the Receiverunder water, to *try if that Liquor and Air
would recover himy and the external water rufliing in till it
had filld the vacant part of the Ball and the greateft part ofthe
ftemtoo, the Fifhdunkto the bottom of it, with a greater ap-
pearance thanever of/beib” aiive”™ in which ftate after he had
continu'd a pretty while, 1made aihift, by the help of the wa-
ter he (warnin, to git himthrough the Pipe into a Bafon of wa-
ter, where he gave more manifeft figns of life but yet fordome
hours lay on one fide or other, without being able to fwim or
ly On his belly, .which appear’d verpmuch (hmnkin, as if fome-
thing during the time of its being leal'd up had been broken in
hisrbody, or his Belly had been exceedingly difteiided * beyond
reftitution toits former Tone. ;

All the while fie continued in the Bafon of water, though he
mov’d his Gills as before he had been feal’d up $ yet I could not
perceive,that he did, even ip his new water, ein% as formerly,any
Bubbles, thoughEtwofor three times i held him by the Tayl in
the Air, and puthim into the Water againf where at length he
grewable to lye conftantly upon his Belly ( which yet retain’d
much of its former lankne(s$) and though it be now about or a*
bove twenty four hours fince he was firft included, he-continues
yetalivcfc- ,;ri glmv/dj; b t hebubmew  sioted tugkvJ
.. (Pofifiript;: He livd in the Bafon eight or ten dayes longer $
though divers Gudgeons fince taken dy’d there in much fewer
dayes.) ' ee . in:

The vm. Title. / :
Oftwo AnimAh iHctuded” withwol
e in the Pneumaticat Receiver.™ *r
"4 'r-; v Experiment the i. vyd

Sfpt.ii, ‘At -Small Bird yhaving the. Abdomen-dpened almoft
+ \ from hank to flank, without injuring the Guts*
was put into a finall Receiver, and the Pump being let a work
continued for fofne little time without giving any figns of di-
ftreis, but at the end of about a minute and an half from the
beginning of the exhauftion y the began to have convulfivei mo-
tions inthe wings§ and thdugh’the convulfiOns were not univer-
ial, or did appear violent® as isufoal in other Birds from whom
the
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the Ait is withdrawn!by the En(%jnL;yet attheeadtwo fall rainate*,’
lettisa in! the Airy and then taking off the Receiver we found the
Bird irrecoverable 5inotwit"ftanding wiich. we did not find any no-

table'alteration in the Lungs, and found the Heart (or at lead the Au-
ricles of it) Ito beyet beating , and fo it continued for a while af-

ter. bV 16 n'0?l x<nvwihfot o v. :
K nfdtn v Exfertiqcrtt'the: 2,u
4 h N>-r -dj s5raive- 1 _
We took alfo apretty large # and having

Lunas or the Guts made two. fuehinciCion”in the Abdo-
men that the two curled bladders or lobes of the Lungs rt'fam'Ja,.

canii Out altndft totally at them * we fufpended”™he-Frog u
bythe lees; in a fmall Receiver;, *nd after \ye had pumped out a good
part Ofthe'Air,:the Animal ftrugled very much, and feemed to be much

difordefed, arid when the Receiver was well exhaufted |he lay ftiffl
s for aWhile asif lhe had been dead, the Abdomcn and thigh very much
g fwelled, asif feme;ratified Air of Vapor forcibly diftendsjd them, .But
S as, when the Frog was put in, one of. the I,0bes wk; almoft.fulf, and
Dthe Other almoftlhrunk up, fo they continued .to appear, after, the Re-;
%ceiverhad been exhaufted;: but jipo», letlingm .of, the,Air,.not only
= the bodv ceafed to be tumid,but the plupip bladder appeared for a while
= ihrunk up as the other , and the Receiver, being removed, the Frog
prefently revived» and quickly'began to fill the Lobe again with

tember 2023
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1--dib r >3uo , nidh 1 3 uA hi
' fiiij iV b >~ . $il 3} wvoNjaud
Of themotion of thejeparatedIfdar
Exhaufted 8 r

*I"T" T jthout difcuffingthe opinions of Learned men about the con-
w ncxion and dependency ipftb?MPU9P 9 Beat-
ing of the Heart, | thought, it might give me a fuffleient inducement
B to make the following Experimentf,that e”ui.fp”s;ofsAmtoaip ytpul|d

from https://royal societypubl

'§ be prefently killed in our Hbthe withdrawing of t

= even the InleAs mentioned in the formerly publiflied about

% Kefpiration, though they alfo Were not totally deprived of y the

O ahfenee of the Air, yetitliey were <of fp,m?
good hint or other being to be hoped/or from the difeoyenng :whej
ther or no afeparated Hea.rti/i which IS V [
tconcintae 'its motions \tColyt:Vacttupt  wje mad~d~rae rya* f P u<d
'‘pofoj dwhofe fuccefsl find thus fe.tdown,.,] m* yi . - b ,wtldi

Mxteriment-tke \ **&S

The Heart of*an HEbeing taken out apd laitbupan* ablate of Tin

in afmail Receiver; when we perceived it to there as it had doneI[]n
the
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ihe*p*ffAir,~exfcautted ttie anil faw,Iriat, thbugfi Ihe beai*
grew very tumid, and here and there feat forth little Bubbles, yet it
continued to beat as manifeftiy as before I: and Seemed to do So rtaore
fwiftly*, as we tryed by numbring the pulsations it made in aminute %
whilftit was inthe exhauftcd Receiver , and when we had readmitted
the Air, and alfo when we took }tout of the Glafs , and Suffered it to
continue its motion in the open-AirrT”e&eart of an other Eele * be-
ing likewife taken,out, continued to beat in the emptied Receiver, as
the otherbad done* / * .

u Experimentthe 24n- :h

The Heart of ah other Ec!e, after having been includcd>in a llecfiyer *
firft exbaufted, aftd then7 accurately tffctami from leaking*;though
it appeared very tumid, vcbntin”edXo beat there aft hbur ~aftfer which
looking upon it aftfffindihg-Jt~*motibft very Languidjarfd alrpoftleafed,
by breathing alittle upon that part of the glafs where the heart “was, it
gEttckly regained motion,«/ftiitffe rdbiferved a while and an hour after
finding it to Seem almoft quite gone , t was able to rpnew.itby the ap-
plication of alittle more waiinthv; Atthe end oifthe third hour~com*
ingtoSohk at irohce%”bre, ;*ii-bubblej that appeared to.bd fdafcpd be-
tween the Auricleland the Ifeehied to have now and then'a,little
trembling motion** but I found it So faint , thatd icould no more by
warmth excite it]l fo as plainly topierpeive the heart tb move 1lwhere-*
fore | Suffered the outward Air to rvih in, but could not difcern,,tb?t
thereby the heart regained anylwillble”otidh, though ailtfted with the
warmth ofmybreath andban”ds™ ’ A\ »>N

The X. TitlePA\y:51

A toMparifrtt of the
_ PXrowningixr ‘IsoithAriving . -jJthvi“hhns nol-a

t At 01 k t 1 t Jffi jyP*3 hnax"dgh0|'1Cﬁ|£SHS1
np (j help my ftif*and~cithers id judg™rbr better™'df Some”diffirukyjs
~1 concerning Refpiratton f 1 thought it*might; be ufefnij that wfe
comparM together the Times, \Vherein Animals:may be kiHM, by that
want &efpiratibn, which in thofe that are;drown'd is caufed by the

water that Suffocates them, and thatw ;
withdrawing the arhbieht Air. i,sQ f the imter -ofirfiefe.amdficiehjtanuBc
ber of Inftances iVtd be met whitb artiohgfour other Experiments 4 jarid

therefore i Jhkllinow fubjdyh”about the former ko
this Comparifon hath not, that | know of, beenyet.thoughton by
any. o -

ExpYiH the *Tvs R

*pt» IEF , A Ghen-Finehy bayingbis legs andwitigs tyed to aweight,
was gently let down into agkfs-body fill'd with water ; the
time
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lime ofits total immerfion™ being mark'd t At theend’of halfaminutt
after that time the ftruglmgs Of.$£<jjttpfiLfccraing finifhM, he was
nimbly drawn up again* putfound quite dead, r

Experiment the 2.

Whereupon a Sparrow, that was v?ry lufby and cjuarrelfome, was
tt&d to the (ame weight, and let 4°~n afw the fame manner but
though he feem#d to be und&r water more vigorous than the other Bird*
and continued ftrugling almoft to the very end of half a minute from
the time of his being totally immers'd ( during which ftay under water
there afcended,frora timero time*ptettylargc bubbles from his mouth,)
yet notwichftandiog, Ihat asToon asfeyet the half minute was eomplea-
ted,he was drawn up,we found,fcimjta opr wonder,irrecoverably.gone.

- \ omm ft mf mm A < ik i N el - <«<mmes N TS

Experiment the 3.

Aim~Moufe,being held under water'by the tail,emitted from time
to time divers Aerial Bubbles out of his rn6uth gnd at
the Spe&atttrsaffirmed, he faw at one of his Eyes, being.taken out at the
tnd of half aminute and fome few fcconds X he yet retain'd fome motU
ons but they provM but Convulfiyc ones, which at lafb ended in
Death.

; By what is related under the X TlItlc” it does not appear , thatwater*

FowKi at leafi thatDucks; Could in
much longer than other Birds : But nowtop, that
ture is not @ as to the enabling them to continue much longer under
Water, without frefiAir, than the Land* birds it will not

amifs, dipytetwofollowing 3|

Experiment. the 4th#
v et \ By et 1 T UL

+We took the DAtmentionM in the L Title , and fo tyM aconfidera®
ble weight of Lead to her body, asitdid not hinder her Refpiration,
and yet would be fure to keep her down under water ™ which we had
found that a fmaU weight would not do by reafon of hfr fttength , nor
yet a great weight,.if tyM only to her feet, in fuch amiddle-iiz'd Tub
asours was, becaufe of the, heightof her neck and beak* With the
above-mention'd Clog , the Duck was put into a Tub full of clear wa-
ter, under whofe?Surface (lie continued, about a minute by my Watch,
quietly enough., but afterwards began to. appear for awhile much db*
fturbMii which ft being over, our not perceiying any*motion in her
made usv at the end of the fecond minute, take her out. of the water,to
fee in what condition lhe wa9, and finding her in a good one, after
we had allowed'her forac breathing time to recruit her fclf with freih
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Rit * we let hei* down again into theTuby width ingffie m£an tirrie had"
be&W/TiliM with frcifli water, Ditfrer j;which”had*B¥e?njt~Oybled
with the fleams and foulneftcif the Ducks1Bo<iy:|ihiglrt ‘either haden
her death by its being infected with them , or hinder our difcerning
what-hiould happen, by its beingopacated by them.
the Bird being thus under water did, after awhile, begin, and from
time to time continue, to emitdiv” Bubbles at her Beak,: *There affo
came out at her Nodrils divers ftal Bubbles from time to’timefy and
when the Animal had continded kbhdt t#bmvihutes or better under wa-:
ter, (he began to druggie very much”and to endevour either to emerge
or chartg Poflures 5 thelatter of whichTlie had liberty to do  but hot*
the former. * After four minutes, The Bubblescame much more fparing-1
ly from her : then alfo fhe begsfn”~*afiifrohjlHiiEle feo (which we!
had not obfeiv’dher to d<befBPebwWthout*emitting Biibblds”land*
fo fhe continued gaping till near the end of the fixth minute , at which
time all her motions, fome of which were,judg’d convullive*, and o-
thers that had been excited by our rouzing her with a forced , appear’d
to ceafe and her head to hang cafelefly down,- as if fhe Were quite dead#
'Notwith(landing which, wethought fitfor®greater‘fecurky7to conti-
nue her under water a full minute longer, andthen finding figns of
life, we took her out. and being' hung'by Cre heels, drid gently prefsTt
in convenient placesjhe was made to void a pretty quantity of water ,
of which whether any had been receiv'd into the Lungs themfelves, we
had not time and opportunity to examine. But all the means, that were
to recover the Bird to life* provihg’iheffeftuai; we concludedv (he had
been dead a full minute before we removed- her"Cfut of the *water*v*So
that,to fum up-the Event of our Experirneftty even this Water-Bird
was not able to live in Cold water, without taking in fre/h Ait, above
fix minutes ~which is but ry of an hour*

Experiment the 5th..

The DuckJing mention’d in the /. Title and Experiment, having
N competent weight tyed to her legs, was let down into a Tub of Wit-
her which reached not above an inch or two higher than her Beak ' du-
ring the moft part of her continuance, there came out (lore of Bubbles
at her Noflrils, but there feem’d to come out more and greater, from
acertain place in her head almoft equidiftant from her eyes, but fome-
what left remote from her Neck than they/ Whil'd fhe Was keptin this
condition, fhe feemM frequently to endeavour to dive lower under
water, and after much driigling and frequent gaping, (he had divers
convulfive motions, and then let her Head fall down backward,with her
Throat upwards* To which movelefs podure (he was reduc’d at the
end of the third minute, if not a little fooner * but awhile after there
appear'd amanifed but tremulous motion in the two parts of her Bill,
wAkh continued for fom* time, but afforded*no Circumdancc.s,where-
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and found irrecoy”abl™® *r t 1) WHCDoA HA

Cry e 'Experiment, the-. 6di» ’
A Vker that was fccpifo nwiiy hdurs iA ah Exhaufted Keecmf , till

i M CwafS& "SSrhindered bymefrom being, thrown
awav till I had try’d, what could be done by keeping it all night in,a
Ikfs-body upon a warm digeftive Furnace. . Whereupon this Viper,
£as found the next morning not only to be reviv'd,but to be very, live-
ly, foasto>invite me to make with Her, without feeking for another, .

-A~SS?SI1G lab6-body, fittedwith a Cork to the Orifice:

of it and deprefs'd With weight, fo that (he could come at no Air.
In this cafe we obferv’d her from time to time; and after (he had been,
duck t awhile, (he lay with very little motion for aconfiderable (pace
of time. Atin hour and a quarter (lie often put out her black tongue:
at near four hours (he appear'd much alive, and f e

that time alfo put Out her tongue, fwimnung. all this while , astar as
we Obferv’d , above the bottom of the water. At the end of about
feven hours or more i (he feem'd yet to have fome life in her, her po-
ffurebeing manifeftly chang'ddn the Glafs, from what it was a while
before ¢ unlefs that might proceed from fome difference, made in her
Body asto Gt-avity anl-Levity. Not long after (he: appear d quite
dtead her head arid tayl hanging down movelefly, and direftly towards
fhebbttom oftheveffel, whilft the middleof the Body floated asmuch

S Haftorak*me~«Krimi~[«meritipn of divers things fuggefted by
what hath been delivered upon the prefent Title. But this one thine
wbuld be taken notice of, that, though fome of the abovementioned
Anhnah feem,by the Relations we.have given of them ,. to have been a
little fooner deltroyed by drowning, than any we have mentio nd were
bv our Enein, that is no fure proof , that fuffocation does kill A-
tiimalsfafter, than, the deprivation of .Air , they are expofed to in
our Enoin. -For in drowning , that which deftroys is applyed to its
frill vigour at the very firft, and all at opce ¢ whereas, our .jfeceiverj
being made for feveral purpofes , ther,Peprivation of the Air , that
they make , cannot be made all at once, butthe Air muff be pump t
out by degrees; fo that till the laft the Receiver wi be but partly
emptied, 8 Fofconfirmation ofwhich,, I have this to alledge, that, ha*
virig in the. prefence of fome, Vi“tnofi pr.ov.idedfor the npnee a very
fmal Receiver,, whereinyet”™ Moufe,,could Rye fometime , if die Air
were left in it, we were able to eyaciiat? it at 6ne fuck .and by -
advantage we were enabled , to the wonder of the Beholders, to.kill
the Animal in lefs than half aminute. n



