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A Defence of the Dollrine touching the Part IL,

mine experiments which the examiner in the ri1th and 12th chapters reckons up as
urged by his adverfaries; yet do not thereby declare my acquiefcing in his explica-
tions of thofe phzenomena, but anly leave both them and fome other things he de-
Jivers about fiphons and the Magdeburg experiments, to be difcourfed by thofe that
are more concerned to examine them, contenting myfelf to have fufficiently difproved
the Funiculus which his expofitions fuppofe, and cleared the grounds of explicating
fuch experiments aright.

CHAP V.
Two new Experiments touching the m:ﬂf;re of the force of the [pring of air compreffed
dilated, .

HE other thing, that I would have confidered touching our adverfary’s hypo-
thefis is, that itis needlefs. For whereas he denies not, that the air has fome
weight and fpring, but affirms, that it is very infufficient to perform fuch great mat-
ters as the counterpoifing of a mercurial cylinder of 29 inches, as we teach thatic
may ; we fhall now endeavour to manifeft by experiments purpofely made, that the
{pring of theair is capable of doing far more than it is neceflary for us to afcribe to
ir, to folve the phnomena of the Torricellian experiment.

Wk took then a long glafs-tube, which, by a dexterous hand and the help of a lamp,
was in fuch a manner crooked at the bottom, that the part turned up was almoft pa-
rallel to the reft of the tube, and the orifice of this fhorter leg of the fiphon (if I
may fo call the whole inftrumeént) being hermetically fealed, the length of it was
divided into inches (each of which was fubdivided into ecight parts) by a ftreight lit
of paper, which containing thofe divifions, was carefully &aﬂcd all along it. Then
putting in as much quickfilver as ferved to fill the arch or bended part of the fiphom
that the mercury ftanding in 2 level might reach in the one leg to the bottom of the
divided paper, and juft to the fame height or horizontal line tn the other ; we took
care, by frequently inclining the tube, fo that the air might freely d;:a& from one leg
into the other by the fides of the mercury (we took, I fay, care) that the air at laft
included in the fhorter cylinder thould be of the fame laxity with the reft of the air
about it. This done, we began to pour quickfilver into the longer leg of the fiphon,
which by its weight preffing up that in the thorter leg, did by degrees ftreighten the
included air: and continuing this pouring in of quickfilver till the air in the fhorter
leg was by condenfation reduced to take up but half the fpace it poflefled (I fay, pof-
fefled, not filled)} before; we cafk our eyes upon the longerleg of the glafs, on which
was likewife pafted a lift of paper carefully divided into inches and parts, and we ob-
ferved, not withour delight and fatisfaltion, that the quickfilver in that Jonger part
of the tube was 29 inches higher than the other. Now that this obfervation does
both very well agree with and confirm our hypothefis, will be eafily difcerned by
him, that takes notice what we teach ; and Montieur Pafchal and our Englith friend’s

riments prove, that the greater the weight is that leans upon the air, the more
forcible is its endeavour of dilatation, and confequently its power of refiftance (as
other fprings are ftronger when bent by greater weights). For this being confidered,

it will appear to agree rarely-well with the hypothefis, that as according to it the air

in that dc%ce of denfity and correfpondent meafure of refiftance, to which the
weight of the incumbent atmofphere had brought it, was able to counterbalance
and
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and refift the preflure of a mercurial cylinder of about 29 inches, as we are taught
by the Torricellian experiment ; fo here the fame air being brought to a degree of
denfity about twice as great as that it had befare, obtains a fpring twice as ftrong
as formerly. As may appear by its being able to fuftain or refit a cylinder of 29
inches in the longer tube, together with the weight of the atmofpherical cylinder,
that leaned upon thofe 29 inches of mercury ; and, as we juft now inferred from the
Torricellian experiment, was equivalent to them.

‘We were hindered from profecuting the trial at that time by the cafual breaking
of the tube. But becaufe an accurate experiment of this nature would be of great
importance to the do&rine of the fpring of the air, and has not yet been made (that
I know) by any mari; and becaufe alfo 1t is more uneafy to be made than one would
think, in regard of the difficulty as well of procuring crooked tubes fit for the
furpofc, as of making a juft eftimate of the true place of the protuberant mercury’s
urface; | i;\;gi:lc it will not be unwelcome to the reader, to be informed, that after
fome otlier one of which we made in a tube whofe longer leg was perpendi-
cular, and the other, that contained the air, parallel to the horizon, we at laft
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rocured a tube of the figure expreft in the fcheme ; which tube, though of a pretty s«Fie. 5

ignefs, was fo long, that the cylinder, whereof the fhorter leg of it confifted, ad-
mitted 2 lift of paper, which- had before been divided into 12 inches and their
quarters; and the longer leg admitted another lift of paper of divers feet in length,
and divided after the fame manner. Then quickfiiver being poured in to fill up the
bended part of the glafs, that the furface of it in either leg might reft in the fame
horizontal line, as we lately taughr, there was more and more quickfilver poured
into the longer tube ; and notice being watchfully taken how far the mercury was
rifen in that longer tube, when it appeared to have afcended to any of the divifions
in the fhorter tube, the feveral obfervations, that were thus fucceflively made, and as
they were made fetdown, afforded us the enfuing table :

A table
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A table of the condenfation of the air.

{4}4 | B |Cy D | E
) TN P —_ AA. The number of equal
48|12 {oo 297%| 29+  fpacesin the thorter leg, that

4614|0145 30:%] 33:%]  contained the fame parcel of
4411 {0253 31¢3] 1% airdivcrﬂyutendcg
s2{107104+%1 | 33+%| 33F :
40j10 |06y 357%| 35- -| B. The height of the mercu-
18] oiloyr¥ 37 | 36+3] rial cylinder in the longer
36} 9 |10v%| | 3975 38+ leg, that comprefied the air
34} 831124 41+3| 417]  into thofe dimenfons,

32| 8 |157%| g | 44+ 433t _

30] 7t 175312 | 474 462 | C. The height of the mercu-

28! 7 {215 |E | 50%] 50--| rial cylinder, that counter-
. 26] 631257 |77 | 54+%| 53+¥|  Dbalanced the preflure of the

24} 6 |294%| | 5843 593 atmofphere.

23| 53]32+75| S | 615 bo3y

22} 543415 | 64+%| 63+%| D. The aggregate of the two

21] st 374519 | 6745 66+ laft columns B and C, exhi-

20| 5 |41%]S | 7043| 70--] biting the preffure fuftain-

191 43|45--1 | 74:%| 7315]  ed by theincluded air.

181 g3ledz] | 7733 773

17) 4%{53+s 8213| 824 E. What that preflure fhould

16} 4 |58-% 87},-; 873% be according to the hypo-
15| 336353 93<%| 93+ thefis, that fuppofes the

14} 33{717| |10od:| 99% preflures and expanfions to
13} 33{7835] [ro7iij1074| be in reciprocal propor-
12 3 {887 117-%|116% tion.

For the better underftanding of this experiment, it may not be amifs to take no-
tice of the following particulars :

1. TuaT the tube being fo tall, that we could not conveniently make ufe of it in
a chamber, we were fain to ufe it on a pair of ftairs, which yet were very lightfome,
the tube being for prefervation’s fake by ftrings fo fufpended, that it did fcarce touch
the box prefeatly to be mentioned.

2. THE lower and crooked partof the pipe was placed in a fquare wooden box, of
a good largenefs and depth, to prevent the lofs of the quickiilver, that might fall
afide in the transfufion from the veffel into the pipe, and to receive the whole quick-
filver in cafe the tube thould break.

3. TuAT we were two to make the obfervation together, the one to take notice at
the bottom, how the quickfilver rofe in the fhorter cylinder, and the other to pour in
at the top of the longer; it being very hard and troublefome for one man alone to
do both accurately.

4. That the quickfilver was poured in but by little and little, according to the
direction of him that obferved below ; it being far eafier to pour in more, than to
take out any, in cafe to much at once had been poured in. -

5. THAT
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meafures of ftrength to be met with in the air’s fpring, according to its various degrees
of compreffion and laxiry. But, before I enter upon this fubje®, 1 fhall readily ac-
knowledge, that I had not reduced the trials I had made about meafuring the ex-
panfion of the air to any certain hypothefis, when that ingenious geatleman Mr.
Richard Townley was pleafed to inform me, that having by the perufal of my phyfico-
mechanical experiments been fatisfied that the fpring of the air was the caufe of it,
he endeavoured (and I with in fuch attempts other ingenious men would follow his
example) to {fupply what I had omitted concerning the reducing to a precife cftimate,
how much air dilated of itlelf lofes of its claftical force, according to the meafures
of its dilatation. He added, that he had begun to fet down what occurred to him
to this purpofe in a thort difcourfe, whereof he afterwards did me the favour to thew
me the beginning, which gives me a juft curiofity to fee it perfeted. But, becaufe
I neither know, nor (by reafon of the great diftance betwixt our places of refidence)
have at prefent the opportunity to inquire, whether he will think fit to annex his
difcourfe to our appendix, or to publith it by idfelf, or at all; and becaufe he hath
not yet, for aught I know, met with fit glaffes to make an any-thing-accurate table
of the decrement of the force of the dilated air; our prefent defign invites us to
prefent the reader with that which follows, wherein I had the affiftance of the fame
perfon, that I took notice of in the former chapter, as having written fomething
about rarefaction: whom I the rather make mention of on this occafion, becaufe
when he firft heard me fpeak of Mr. Towmley’s fuppofitions about the proportion,
wherein air lofes of its fpring by dilatation, he told me he had the year gcforc (and
not long after the publication of my pneumatical treatife) made obfervations to the
fame purpofe, which he acknowledged to agree well enough with Mr. Touwnley’s
theory: and fo did (as their author was pleafed to tell me) fome trials made about
the fame time by that noble virtuofo and eminent mathematician the Lord Brouncker,
from whofe further enquiries into this mattter, if his occafions will allow him to make
them, the curious may well hope for fomething very accurate.

A table of the rarefaltion of the air.

4y B(C| D\ E
4. Thenumber ofequal fpaces | — | —| —| ~—{ -
atthe topof the tube, that| 1]oog| |293(29%
contained the fame parcel {14]{10} 194139
of air, 2|153 143143
B. The height of the mercu- | 3{20; 94! 9+
nal cylinder, that together | 4)223 § +| 7%
with the fpring of the in- | s{242| §| 53| 532
cluded, air counterbalanced | 6]24% :, 41| 431
the preflure of the atmof- | 7l253{ | 43| 4%
phere. 863 g 3%l 393
C. The preffure of the atmof- | 9]263] 8] 33| 332
phere, 1012631 | 33| 233
D. The complement of B to 12|27 &1 24| 233
C, exhibiting the preflure |14{273] 8| 23| 2%
futained by the included {16{27% S| 25| 13
air. 18(273| 2| 13| 135
E. What that preffure fhould {20|28% 13| 143
be, according to the hypo- {24]28% 13 133
thefis, 28283 13| Iv&
321283 13l Or %
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To make the experiment of the debilitated force of expanded air the plainer, it wil
not be amifs to note fome particulars, efpecially touching the manner of making the
trial ; which (for the reafons lately mentioned) we made on a lightfome pair of (Rairs,
and with 2 box al{o lined with paper to receive the mercury that mighe be fpile.  And
in regard it would require a vaft, and in few places procurable quantity of quick-
filver, to imploy veflels of fuch kind as are ordinary in the Torricellian experiment,
we made ufe of a glafs-tube of about fix feet long; for that being hermetically
fealed at one end, ferved our turn as well as if we could have made the experiment
in 2 b or pond of feventy inches deep.

Szcownpry, We alfo provided a flender glafs-pipe of about the bignefs of a fwan’s
quill, and open at both ends; all along which was pafted a narrow lift of paper,
divided into inches and half quarters. ' ,

Tuirory, This flender pipe being thruft down into the greater tube almoft filled
with quickfilver, the glafs heiped to make it fwell to the top of the tube; and the
quickfilver getting in at the lower orifice of the pipe, filled it up till the mercury
included in that was near about a level with the furface of the furrounding mercury
in the tube. _

FourTaLy, There being, as near as we could guefs, little more than an inch of
the flender pipe left above the furface of the reftagnant mercury, and confequently
unfilled therewith, the prominent orifice was carefully clofed with fealing-wax
melted ; after which the pipe was let alone for a while, that the air dilated a lictle by
the heat of the wax, might, upon refrigeration, be reduced to its wonted denfity.
And then we obferved by the gglp of the above-mentioned lift of paper, whether
we had not included fomewhat more or fomewhat lefs than an inch of air; and in
cither cafe we were fain to re@ify the error by a2 fmall hole made (with a heated pin)
in the wax, and afterwards clofed up again.

Firravy, Having thus included a juft inch of air, we lifted up the flender %?c
by degrees, till the air was dilated to an inch, an inch and an half, two inches, &'¢
and obferved in inches and eighths the length of the mercurial cylinder, which at
cach degree of the air’s expanfion was impelled above the furface of the reftagnanc

in the tube. :

Sixtuiy, The obfervations being ended, we prefently made the Torricellian expe-
riment with the above-mentioned great tube of fix feet long, that we might know the
height of the mercurial cylinder, for that particular day and hour; which height we
found to be 264 inches.

SevenTHLY, Our obfervations made after this manner furnifhed us with the pre-
ceding table, in which there would not probably have been found the difference here
fet down betwixt the force of the air, when expanded to double its former dimenfions,
and what that force thould have been precifely according to the theory, but that the
included inch of air received fome little acceffion during the trial ; which this newly
mentioned difference making us fufpe@, we found by replunging the pipe into the
quickfilver, that the included air had gained about half an eighth, which we gueffed
to have come from fome little a¢rial bubbles in the quickfilver, contained in the pipe
(fo eafy is it in fuch nice experiments to mifs of exattnes). We tried alfo with 12
inches of air fhut up to be dilated ; but being then hindered by fome unwelcome
avocations to profecute thofe experiments, we fhall elfewhere, out of other notes and
trials (God permitting) fet down fome other accurate tables concerning this matter.
By which poflibly we may be affifted to refolve, whether the atmofphere thould be
looked upon (as it ufually is) as a limited and bounded portion of the air; or
whether we thould, in a ftricter fenfe than we did before, ufe the atmofphere and aérial

part
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part of the world for almoft equivalent terms; or elfe whether we thould allow the

word atmofphere fome other notion in relation to its extent and limits ; (for as to its -

fpring and weight, thefe experiments do not queftion, but evince them.) But we are
willing, as we faid, to refer the matters to our Appendix, and till then to retain our
wonted manner of fpeaking of the air and atmofphere.  In the mean time (to return
to our laft-mentioned experiments) befides that fo little a variation may be in great
part imputed to the difficulty of making experiments of this nature exaitly, and
perhaps a good part of it to fomething of inequality in the cavity of the pipe, or
even- in the thicknefs of the glafs; befides this, I fay, the proportion betwixt the
feveral preffures of the included air undilated and cxpandeg, efpecially when the
dilatation was great (for when the air fwelled but to four times its firft extent, the
mercurial cylinder, though of near 23 inches, differed not a quarter of aninch from
what it fhould have been according to mathematical exaétnefs) the proportion, I fay,
was fuitable enough ro what might be expe@ed, to allow us to make this refletion
upon the whole ; that whether or no the intimated theory will hold exadly (for about
that, as 1 faid above, I dare determine nothing refolutely till T have further confidered
the matter) yet fince the inch of air, when it was firft included, was fhut up with
no other preffure than that, which it had from the weight of the incumbent air, and
was no more comprefled than the reft of the air we breathed and moved in; and fince
slfo this inch of air, when expanded to twice its former dimenfions, was able with
the help of a mercurial cylinder of about 15 inches to counterpoife the weight of the
atmofphere, which the weight of the external air gravitating upon the reftagnant
mercury was able to impel up into the pipe, and fuftain above twenty-eight inches of
mercury, when the internal air, by its great expanfion, had its fpring too far debili-
tated to make any confiderable (I fay confiderable, for it was not yet fo dilated
as not to make fome) refiftance : fince, 1 fay, thefe things are fo, the free air here
below appears to be almoft as ftrongly comprefizd by the weight of the incumbent
air, as it would be by the weight of a mercurial cylinder of twenty eight or thirty
inches ; -and confequently is not in fuch a ftate of laxity and freedom as men are
wont to imagine; and atts like fome mechanical agent, the decrement of whofe
force holds a ftricter proportion to its increafe of dimenfion, than has been hitherto
taken notice of. :

I musT not now ftand to propofe the feveral refletions, that may be made upon
the foregoing obfervations touching the compreffion and expanfion of air; partly
becaufe we could fcarce avoid making the hiftorical part fomewhat prolix; and
partly becaufe I fuppofe we have already faid enough to fhew what was intended:
namely, that to folve the phznomena there is not ot our adverfary’s hypothefis any
need : the evincing of which will appear to be of no fmall moment in our prefent
controverfy to him that confiders, that the two main things, that induced the learned
examiner to reject our hypothefis, are, that nature abhors a vacuum; and that
though the air have fome weight and fpring, yet, thefe are infufficient to make out
the known phznomena; for which we muft therefore have recourfe to his Funiculus.
Now as we have formerly feen, that he has not fo fatisfactorily difproved as refolutely
rejected a vacuum fo we have now manifefted, that the fpring of the air may fuffice
to perform greater things than what our explication of the Torricellian experiments
2nd thofe of our engine obliges us to afcribe to it. Wherefore fince befides the
feveral difficulties, that incumber the hypothefis we oppofe, and efpecially its being
fcarce, if at all, intelligible, we can add that it is unneceffary ; we dare exped, that
fuch readers as are not biaffed by their reverence for Ariffotle, 'or the Peripatetick
fchools, will hardly rejec an hypothefis, which, befides that it is very intelligible, is.

now
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now proved to be fufficient, only to imbrace a dotrine, that fuppofes fuch a rarefac.
tion and condenfation, as many famous Naturalifts rejected for its not being compre- -
henfible, even when they knew of no other way (that was probable) of folving the
phznomena wont to be explicated by it.

PART ML

Wherein what is objelted againft Mr. Bovre’s Explications of
particular Experiments, is anfwered.

ND now we are come to the third and laft part of our defence; wherein we
A are to confider, what our examiner is pleafed wo objet againft fome paffages of
our Phyfico-Mechanical Treatife. But though this may feem the only part, wherein
1 am particularly concerned; yet perhaps we fhall find it, if not the fhorteft, at
leaft the eafieft, part of our tafk. Partly, becaufe our author takes no exceptions at
the experiments themfelves, as we have recorded them (which from an adverfary,
who in fome places fpeaks of them as an eye-witnefs, 'is no contemptible teftimony,
that the matters of fa have been rightly delivered) : . and partly, becaufe there are
divers experiments which, together with their explications, the examiner has thought
fit to leave untouched, and thereby allows us to do fo too: and partly alfo, becaufe
that (as to divers of thofe experiments, upon which he animadverts) he does net
pretend to fhew, that our explications are ill deduced or incongruous to our prin-
ciples; but only that the ph@nomena may be explained either better, or as well, by
his hypothefis ; whereof he fuppofes himfelf to have demonftrated the truth, toge-
ther with the erroncoufnefs of ours, in the other parts of his book, efpecially the
third, fourth and fifth chapters. So that after what we have faid to vindicate the
hypothefis we maintain, and take away our author’s imaginary Funiculus ; it will not
be requifite for us, on fuch occafions, to examine his particular affertions and expli-
cations. Which advertifement we hope the reader will be pleafed to bear in mind,
and thereby fave himfelf and us the trouble of a great deal of unneceffary repetition.
‘Wherefore, prefuming he will do fo, we fhall not ftay to examine the firft and fecond
corollaries, which in this 17th chapter he annexes to the manner of emptying our
receiver by our pump. Neither fhould we fay any thing as to his third ard laft
corollary, but that we think fit to defire the reader to take notice, that according
to what he teaches in that place, the more the air is rarefied, the more forcibly it is
able to contra®t itfelf. :

A defence of our firft and fecond ExpERIMENTS.
J

AND to proceed now to his 18th chapter, which he intites De experimentis
Boylianis, we fhall find, according to what we lately noted, that againft the
firft experiment he objets nothing, fave that if one of the fingers be applied to the
onfice of the valve, when the pump is freed from air, the experimenter fhall feel to
his pain, that the fucker is not thruft inward by the external air, but, as the finger,

. drawn
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affertion he fays is eafy : but alleges two or three arguments for it, which I think
will be more eafily anfwered than his affertion evinced.

~In the firft he fays, that thofe experiments concerning the adhefion of one’s finger,
&e. which he had mentioned in the foregoing chapter, codem medo fe babent in loco
claufo ac in aperto. But the anfwering of this we fhall fufpend tll anon; partly, be-
caufe it may then be more conveniently examined; and partly, becaufe our author
feems not to build much upon it, his- chief argument being that which he propofes

in thefe words : Cum tota vis bujus Elaterii pendeat a refutato jam aéris equipondidcum pyge zo.

digitis 29+ argenti vivi, ita ut nec plus, nec minus faciat boc elaterium in loco occlufo, quam
Jit per illud cquipondium in loco aperto 5 manifefium eft, cum jam ofienfum fit filtitsum plané
effe bujufmods 2quipondium, fislitium quoque effe tale elaterium. © Being the whole power
¢ of the fpring of the air depends upon the zquilibrium of its weight with twenty
¢ nine inches ind 2 half of quickflver, fo that this fpring doth ncither more nor
¢ lefs in a fhut place, than is done by that zquilibrium 1n an open place ; itis mani-
¢ feft, feeing we have fhewed the zquilibrium to be plainly fictitious and imaginary,
¢ that the fpring afcribed to the air is fo likewife.” Wherefore fince all the validity
of his obje@ion againft the fpring of the air depends upon his former chapter,

wherein he thinks he has difproved the weight of the air; it will behove us to look -

back into the former chapter, and examine the four arguments which he there pro-
pofes. But 1 muft crave leave to vary from his method, and confider the third in
the firft place, becaufe the removal of that objection will facilitate and fhorten the

anfwer to the reft. His third argument therefore is thus fet down: Nom fi tubus puye 6

wviginti tantum digitorum (quo ufi fumus in primo argumento) non totus impleatur argento,
ut prius, fed [pacium aliquod inter digitum f[uperiorem 3 argemtum relinquatir in quo fit
Jolus aér ; videbimus fubtraflo inferiore digito fuperiorem non folum deorfum trabt, ut prius,
[ed ctiam argentum jam defcendere, idgue notabiliter, quantum nimirsum extends poteft exigua
illa aéris particula a tali pondere defcendente.  Unde fi loco illius airis ponatur aqua, aliufve
Biguor qus won tam facil} extenditur, defcenfus nullus erit.

Hinc, inquam, contra banc [ententiam formatur argumentum : nam fi externus ille aér
nequeat vel bos viginti digitos argenti i lapfu f[uftentare, uti jam vidimus, quomodo quefo
[upensabit 291 ? Certé bec nullatenus reconciliars poffunt.

¢ For if a tube but twenty inches long (fuch as we ufed in.our firfk argument) be
¢ not quite filled with quickfilver, as before, but a little fpace be left betwixt the
¢ mercury and the finger on the top of the tube, in which air only may abide; we
¢ fhall find that the finger below being removed, the finger on the top will not only
¢ be drawn downwards; as before, but the quickfilver fhall defcend allo, and that
¢ notably, véz. as much as fo finall a parcel of air can be extended by fuch a de-
¢ {cending weight. So that if, inftead of air, water, or any other liquor which is
¢ not fo cafily extended, be put in its place, there will be no defcent at all.

< Hence, I fay, againft this opinion an argument is framed: for if the external
¢ air cannot keep up thofe twenty inches of quickfilver from defcending, as we.have

¢ proved; how it keep up twenty-pine inches and an half? Affuredly thefe can.

¢ no way be reconciled.”

BuT to this argument, which he thinks fo irreconcilable with his adverfary’s hypo-
thefis, he has himfelf furnifhed them with an anfwer in thefe words; Dices forte ideo
argentum in boc cafu defcendere, quia deorfum truditur ab aére illo fefe <:;er Juum Elate-
rium dilatante. ¢ You will perchance fay, that the quickfilver therefore doth in the
¢ alleged cafe defcend, becaufe it is thruft down by that parcel of air which dilates

¢ itfelf by its own fpring” Which anfwer I think fufficient for the objetion, not-
withftanding the twa exceptions he takes at it.
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