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 WHERETO IS ANNEXED

A Short Difecurfe of the ATMOSPHERES of CONSiIs'TE'NT BoDIES:

"THE PREFACE

rerriig-or A iluftrious affembly of virtuofi,

treatife, whereof this is a continu-

» {everal things, that belong, in com-
mon, as well to.the following experiments, ‘as
to thofe there publifhed ; it will not be necef~
fz'l,r.y for me to trouble the reader with a repe-
tition of what he may have met with there
already, nor to acquaint him in ‘this addrefs
with any other particulars, ‘than thofe that con-
cern the experiments I am now about to pre-
fent him. : R '

I doubt not but it will be remembered b};
fome, that I feemed in the above-mentioned
book to have promifed a fecond part of it, or
a large appendix to it: but intimations of ‘that
kind do many times refpect only the thing it-
felf, leaving the giver of them free in point of
time : and I wanted not fufficient inducements
to delay a while to perform my promife, if I
made any.
book already referred to came from the prefs,
and partly {fometime after, made divers other
trials, in order to a fupplement of it: but be-
ing obliged to make fome journeys and re-
moves, which allowed me no opportunity to
profecute the experiments, I had made novery
great progrefs in my defign, before the con-

Vor. Il

NS ae the ‘!;," ég}'h:rf;igg ‘_gf bee‘;

~ ation, acquainted my readers with

“the great enginé, I

I had, indeed, partly before the.

o i

which has fince made itfelf fufficiently known
tinder the title of Tae RovaL SOCIETY.
And having then thought fit ’to'{'na'kg a pre-
fent, to perfons fo like to employ it well, of
had till then made ufe of
in the phyfico-mechanical experiments about
the air; and beingunable afterwards to procure
another fo good, 1 applied my ftudies to other
fubjedts, and gave over, for a great while, the
care of making more experiments of that kind :
and the rather, becaufe that finding by the very
favourable reception thofe I had publifhed had
met with among the curious in feveral parts of
‘Europe, that they were like to be confidered
and perufed, I thought T might fafely leave thé
profecution of them to others, who would pro-
Dably come morc frefh and untired to fuch an
exercife of their curiofity. ‘ e
" By, obferving that the great difficulties
men met with in making an engite, that
would exhauft and keep out a body fo fubtle
as air, and fo ponderous as the atmofphere,
(befides, perhaps, fome other impediments)
were fuch, that in five or fix year I could hear
but of one or two engines, that were brought
to be fit to work, and of but one of two new
experiments,. that had been added by the inge-

- B nious
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nious owners of them I began to liften to the

perfuafions of thofe that fuggefted, that unlefs.

1 refumed this work myfelf, there would fcarce
be much done in it.
(by the help of other workmen. than thofe I
had unfuccefsfully employed before) procured
a new engine, lefs than the other, and differ-
ing in fome circumftances from it, we did
(though not without trouble enough) bring it
. to work as well as the other, and, as to fome
purpofes, better. "And having once got this,
I made hafte to try with it thofe experiments,
that belong’d to the defigned continuation,
and do now make up this book. )

I hope, that to fuch readers as the following
papers are principally intended for, I fhall not
need to make an apology, either for the plain-
nefs of my ftyle, (wherein I aimed at perfpi-
tuity, not eloquence,) or fcr my not having
adorned or ftuffed this treatife with authorities,
or fentences of claffic authors, which I had
neither the leifure to feek, nor thought I had
any great need to employ, though it had been
far more eafy, than perhaps it would have
proved, to borrow from . them things, that
would have been veryproper to a treatife, where

my main defign was, to make out, by practical -

experiments, divers things, among others, that
have not hitherto been advantaged by that way
of probation, nor perchance thought very ca-
pable of it; fo that I fhall have obtained a
great part of ‘what Iaimed at, if I have fhewn,
that thofe very phenomena, which the fchool-
philofophers, and their party, urge, and fome-
times triumph in, as clear proofs of nature’s
abhorrency of a vacuum, may be not only ex-
plicated, but aCtually exhibited, fome by the
gravity, and fome alfo by the bare fpring of
the air.  Which latter I now mention as a
diftin€t thing fram-<he other ; not that I think
-1t 1s actually feparated in tﬁé‘i‘z"’iri‘il‘s, (fince the
weight of the upper parts of the air does if
I may fo fpeak, bend the fprings of the IovJer)
but becaufe, that having in the already pub-
lithed experiments, and even in fome of thefe,
manifefted the efficacy of the air’s gravitation
on bodies, I thought fit to make it my tafk in
many of thefe, to thew, that moft of the fame
things, that are done by the preffure of all the
fuperincumbent atmofphere atting as a weight,
may be likewife performed by the preffure of a
{mall portion of air, included indeed (but with-
out any new compreffion) acting as a {pring,
Tue prefent firft part of our continuation
might, T confefs, have been, not inconveni-
ently, divided into two parts. For firft, it
contains fome. experiments, that are already re-
lated in the printed book, though they be here
{o repeated, as to be confirmed, illuftrated, or
improved, by being reiterated either with bet-
ter inftruments, or with better fuccefs, than
When they were made in my large receiver,
which holding (if I mifremember not) about
eight gallons, could not eafily be fo well cx-
haufted as thofe fmall receivers I often fince
employed. And fecondly, the other, and far
more numerous fort of experiments, related in
this firft part, are new, and fuperadded. And
yet I forbear to affign cach of thefe two forts a

And therefore having

PREFA CE.

‘place by itfelf, becaufe I could not conveniently

fet down my trials otherwife than as they came
to hand among my notes ; and I confidered,
that. in divers places the new ones and the old
ones being mentioned together, might ferve
by their neighbourhood to illuftrate or confirm
each other. ~And however, at another edition
of our Continuation, it will be a very cafy tafk,
if it appear to be a requifite one, to give the
improvements of the former experiments, and
the fuperadded new ones, diftin& titles and
places.

As for the mechanical contrivances I em.
ployed in making the following experiments,
though moft of them have had the good for-
tune to meet with an approbation, and fome of
themwith more than that, fromno mean virtuofi
and mathematicians ; yet as I expect, that cri-
tical readers will judge, that in fome experi-
ments more artificial inftruments might have
been made ufe of] fo I hope that they will not
look upon thofe T was reduced to employ, as
always the beft that ever I could have directed,
fince it fufficiently appears by divers paflages of
the following experiments, that they were not
‘made at London, but in places where the want of -
a glafs-houfe, and other accommodations re-
duced me to make my trials not after the beft
manner I could devife, but in the beft way I
could then and there put in pratice. And let
me add on this occafion to what I have elfe-
where faid to the like purpofe, that it is both 4
great difcouragement to many ingenious men,
and no fmall hindrance to the advancement of
natural philofophy, that fome nice criticks are
fo cenforious in exafing from attempters the
very beft contrivances, and many, that would
be attempters, ftand too much in awe of fuch
mens judgments ; for though in very nice ex-
petiments the exa@nefs of inftruments js not
only defireable and ufeful, but, in-fome cafes,
neceffary’s ‘yet'in many others, where the pro-
duction of anew phenomenonis the thing aimed
at, they are to be looked upon as benefators
to the hiftory of nature, that perform the fub-
ftantial part of a difcovery, though they do it
not by the moft eafy and compendious ways
devifeable, or attain not to the utmoft precife-
nefs, that might be withed, and is poflible, For
fuch performances, notwithftanding their bein
Thort of perfe€tion, make difcoveries to the
world of new and ufeful things; which though
others, that are more lucky at contrivances
and have better accommodations, may compaf; ‘
by more compendious ways, or with greater
precifenefs, yet fill the world is beholden to
the firft difcovery for the improvement of it
as we are to Archimedes for the firft devifing ;
way to find, byweighing bodies in water, how

.much gold or how much filver 2 mixture of

thofe metals does contain, though (if hiftorians
have not injured that great man in the relation)
he went a more laboriocus and lefs accurate way
to work than modern hydroftatians, who (as I
elfewhere fhew) may perform the fame thin

by a far better way, which yet, probably, we
thould not have thought of, if that attributed
to Archimedes had not preceded, and afforded
us a fundamental notion, And that the not be-

% ing
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ing fo dexterous at contriving the ways to

effet a thing, is no fure argument, that a man’

has not a true and folid knowledge of it, we
may cafily learn from Euclid, whom our geo-
metricians generally and juftly acknowledge to
be their mafter, and to have enriched the
~world with many ufeful truths, and folidly de-
monftrated all his propofitions, though divers
of his modern commentators have found out
more compendious ways_ for effeting feveral
of his problems, as well as of demonttrating
divers of his theorems, efpecially fince the ex-
cellent invention of {pecious algebra, by whofe
help that accurate mathematician Dr. W allis
has, befides other fpecimens upon intricate
propofitions, clearly demonftrated the ten firft
and for the moft part perplexing theorems of

the fecond element, in little more than as few'

Lines. In fum, in experiments that are very
nice, accurate contrivances and inftruments are
induftrioufly to be fought, and - highly to be
valued; and even in fuch other experiments, as
are frequently to be reiterated, the moft com-
modious and eafy ways of performing them
are very defirable: but thofe practical compen-
diums, though very welcome to them that
would repeat trials, are not fo important to the
generality of readers; as being but ufeful to
fave pains, not neceffary to difcover truths ;
to which men may oftentimes do good fervice,
without any peculiar gift at mechanical con-
trivances, fince in moft cafes they may be
looked upon as promoters of natural philofo-
phy, who devife experiments fit to dilcover a
new truth, if the attempt fucceeds, and propofe
ways of bringing it to trial, which though per-
haps not the moft fkilful or expeditious, are yet
fufficient and practicable, the increafe of phy-
fical knowledge being the produét of the things

themftlves that are difcovered, whatever were
the inflruments men employed-about - making

the difcoveries.

As for the cuts, I endeavoured to make
their relations, and defcriptions of moft of the
experiments, fo full and plain, as to need a
few fchemes as might be to illuftrate them : but
though I hope, that they,who either were verfed
in fuch kind of ftudies, or have any peculiar
facility of imagining, would well enough con-
- ceive my meaning orly by words; yet left my
own accuftomance to devife fuch trials, and
to fee thefe made, fhould make me think them
more cafily intelligible than moft readers will
find them, I advifed with a learned friend or
two, fit to be confulted on fuch an occafion,
what experiments were requifite to be illuftrated
with diagrams, and to fuch I took care they
thould be annexed. Only I forbore to add to
the figure of each inftrument alphabetical ex-
plications of its parts, as judging that trouble-
fome work lefs eafy for me, than it would be
for fuch readers as this tract is defigned for, to
underftand what is delivered by the help of a
little attention in conferring the fchemes of the
inftruments with the verbal accounts of the ex-
‘periments they relate to.  But there is one par-
TUcular about the cuts may require both to be
given notice of and excufed; which s, that
having occafion to alter the method of my ex-

PREFACE

periments, when I began to forefee, that I
thould be obliged to referve divers things for
another opportunity ; and being myfelf abfent
from the engraverfora good part of the time he
was at work, fome of the cuts were mifplaced,
and not graven in the plates, in which, -accord-
ing to the prefent feries of experiments, they
might moft properly have been put. :

But perhaps I may (for I am not fure of
it) more need the reader’s pardon for (unknow-
ingly) troubling him in this continuation with
fome paffages, that he may have already met
with in the book it refers to: which though I
had not read over for fome years before, I
chanced not to have at hand, when divers of
the following papers were written; and though
afterwards I recovered it, yet the indifpofition
of my eyes made me think it unfit racher to
tire them by reading over the whdle book,
than to truft to the reader’s good natire (in
cafe I thould need it) for the pardon of a few -
unintended repetitions. '

I doubt not, many readers will be inquifi-
tive to know, why this treatife is ftiled the firft
part of a Continuation. To give thefe fome
account of the title, I muft put them in mind,
that in the already publifhed experiments I
intimated, that two forts of trials might be
made by the help of our engine: the one, fuch
as needed but a fhort abfence of the air, and
the other fuch as required, that the air fhould
not only be withdrawn for a while, but kept
out for a confiderable time, from the bodies
whereupon the trial is made. Of the former
fort of experiments are thefe this prefent book
does (as well as that heretofore publifhed did)
confift of. And though I have been fo much
called upon, and troubled for certain Writings,
whereof I have made fuch mention in thofe

that paffed the prefs, as fome readers interpreted

to be an engagement, that it made me think
fit, when I fatisfied their demands, to be
thenceforward very thy of making the publick
any promife; yet I was induced not to alter the
title of this treatife, partly becaufe it may inti-
mate to the curious, that there are yet a great
many things to be performed by our engine,
befides the productions of it I' have hitherto
prefented them; and partly becaufe, though I
ftill perfitt in my former averfencfs to make
promifes to the world; yet it is very poffible,
that if God grant me life and hea}th, I may, in
due time, prefent my friends with what may
ferve for a fecond part of our Continuation,
confifting of experiments, that require a longer
abfence of the air from the bodies to be wrought
upon: and I fhall think, if this firft part prove
not unexceptable to the curious, that the latter
will be not unwelcome to them, as being de-
figned to confift of fets of experiments, which
by their being moft of them new, and fome
of them odd enough, may perchance afford
fome not defpicable hints to the {peculative.
But the very nature of thefe experiments re-
quiring, that fome of them fhould be long 1n
making, my friends could not reafonably ex-
peit a quick difpatch of work of this kind,
though I thould not meet for the future with

fuch intervening impediments, as have hitherto
difturbed
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difturbed it, (as want of inftruments, of health,
of leifure, and of the liberty, which is fo re-
quifite in this cafe, of ftaying long enough in
one place :) notwithftanding all which difficul-
ties I have by fnatches been able through God’s
blefling to make forty or fifty of defigned
trials, being fuch as require the leaft of time to
be performed in, though I now think not fit
to mention any of them, as well for other rea-
fons, as becaufe though they be made by the
help of our engine, yet they require a peculiar
apparatus of inftruments, very differing from
thofe ‘we have hitherto mentioned, and not to
be intelligibly defcribed without many words
and divers figures. In the mean time, left the
“induftrious thould be difcouraged by a furmife,
that there is nothing left for them to do by
the help of our engine, at leaft as to the firft

{ort of experiments, I fhall inform them; that
I had thoughts to have added divers others of
that kind to thefe . that now come forth, and
particularly two clufters of pneumatical trials,
the one about refpiration, and the other about
fire and flames ; but feveral of my notes and
obfervations being at prefent out of the way,
my having neither health nor leifure to repair
thefe inconveniencies, and profecute trials of
that fort with any affiduity, makes me chufe
rather to referve them for an appendix, than
to make thofe that now come abroad ftay for
them. Which will not, I prefume, be the
more difliked, becaufe by taking this courfe I
may, in delivering of the phenomena of na-
ture, imitate nature herfelf, of whom it is the
Roman philofopher’s faying, rerum natura facra
Jua non fimul tradit.

" Some ADVERTISEMENTS touching the Excing itlelf.

T HOU GH the engine already publithed,
and that which I employed in the follow-
ing trials, have the fame ufes, and agree both in
the ground and the main part of their con-
ftruction, yet they differ in fome particulars fit
to be taken notice of : for after I had prefented
the great engine I formerly made ufe of to the
Royal Society, partly the difficulty of procuring
fuch another of that fize and make, and partly
the defire of making fome improvements in-
vited me to make fome alterations in the ftruc-
ture; fome of them fuggefted by others, (efpe-
cially by the ingenious Mr. Hook,) and fome
of them that I added myfelf, as finding that
without them I could not do my work. Where-
fore_ it “will not be amifs to point at the chief
differences-between.the former and the latter
engine, and to intimate  fome of .the .conve-
niences and inconveniences that attend them. .
- “As for the conftruction of the fecond engine
itfelf, fince it is prefumed, that the readers of
this book have already perufed that, of which
thisisa Continuation, and underftood the con-
trivance of the inftrument, that belongs to it,
it was prefumcd fufficient to exhibit in the firft
plate the delineation of the entire engine ready
to-be fet at work; and in the fecond, the
figuresof the feveral metalline parts, that com-
pofe it,. before they are fet together, For
though thefe have nor verbal and alphabetical
explications annexed to them, yet the fight of
them may fuffice to make thofe, that have an
imagination fitted to conceive mechanical con-
trivances, and are acquainted with the former
engine, comprehend the ftructure of this;
‘which, alphabetical explications would fcarce
make fuch readers do, as are net fo qualified:
only two things there are, which being of
fome difficulty, as well as of importance to be
conceived, I fhall here particularly take notice
of. - The firft of which is, that in regard the
fucker'is to be always under water, and the
perforation p ¢, that pafles perpendicularly
quite through 1t, and ferves together with the
ftick 7 s for a valve, is to be ftopt at the bot-

tom of the cylinder, as at # o, when it is full
) ,

of water, it was requifite to make the ftick » p
.of a confiderable length, as two or three foot.
‘Theotherand chief thing is, that in the fecond
plate, the pipe 4 B, whofe end B bends up-
ward, is made ro lie in a groove or gutter pur-
pofely made in' the flat wooden board ¢ d ¢ f,
on which the receivers are to reft; which
fquare board I caufed to overlaid with very
good ¢ement, on which I took care to applya
ftrong plate of iron, of the bignefs and fhape
of the board, leaving only a fmall hole for the
ere@ed part of the pipe to come out at, which
I added, not only to keep the wooden board
the better from warping, but becaufe I knew
(what will perhaps be thought firange) that
the preflure of the atmofphere on one fide of
the -board, when there is no preffure or but
very little on the other, will enable many acrial
particles to ftraii through the very wood,
though of a good thicknefs, and imbued with
oil to choak the pores. To this iron-plate we
fometimes fit a lip turning up about it, to hin-
der the water, that on fome occafions will come
from the receiver, from falling ‘on the room 3
and (to add that upon the by) though the {top-
cock g b i k, ‘that belongs to the hitherto men-
tioned pipe, may be inferted at I, into the
barrel or cylindex £ 7 # 0, by the help of foder
yet we chofe as a much better way to have thé
branch 7, of the ftop-cock, made like a ferew
which being ence firmly fcrewed into the bar.
rel, is not apt to be broken off, and may be
more eafily mended, if any thing happen to be
out of order, which the engine is the moft
liable to be in or about the pipe; partly becaufe
it may fallout, (though but very rarely, if due
care be but taken) that the air will infinuate
itfelf between the wooden board and the ron- -
plate, and fo get up (where the pipe bends
upwards) Into the cavity of the receiver ; and
partly becaufe the pipe being for a Juft reafon
made but flender, and the part of it that looks
upward very fhort, it happens not very unfre.
quently, that when we imploy receivers with
n]arrow orifices, where the cement muft lie
clofe to the opening of the Pipe, it happens, I
fay,
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fay, that the cement, efpecially if it be much
{oitned by heat, is fucked (as they {peak) into
the pipe, and fo choaks it up; or clle that
fome part of the body included in the receiver
is drawn to the orifice of the pipe;. and lying
upon it as a cover hinders the free paffage of
the air into the barrel; againft which inconve-
nience, to add that upon the by, we ule a-
mongft other expedients to place juft about the
orifice of the pipe a finall cover of tin, like
that of a little box, which covers it at the top
to hinder any thing from lying immediatcly
upon the pipe, and has a fmall opening or two
in the fide, to give the air of the recciver free
accefs to the pipe.

TrE {quare and hollow wooden part of this
engine, difcernable in the firlt plate, is o
made, that it may contain not only the cylin-
der, but fo much water, as will always keep
the cylinder quite covered with that liquor;
by which means the {ucker, lying and playing
always under water, is kept ftill turgid and
Plump, and the water being ready at hand to
fill up any little interval or chink, that may
happen to be between the fucker and the infide
of the barrel, does, together with the newly
mentioned plumpnefs of the fucker, very much
conduce to the exact keeping out of the air.
But this advantage is not without fome incon-
venience 5 for divers times, if great care be not
taken in turning the ftop-cock, the water will
be impell’d into the receiver, and mugh preju-
dice fundry experiments, when the included
bodies are fuch that may be fpoiled or impaired
(at leaft for the prefent) by that liquor, ~ The
fmalnefs of our cyli.nder Is @ convenience in re-
gard of the facility 1t affords to make and dif-
patch thofe many exPenments, thap may be per-
formed in fmall receivers, though it make thofe
‘more-treublefome and tedious, that require the
exhauftion of large and capacious ones,

“Tae flat plate (mentioned a little above)
has this great ,CQDV_eniency in many experi-
ments, that the receiver needs no ftop-cock of
its own 3 for fuch a veflel being made all of an
entire piece of glafs, and whelmed on upon the
plate well covered with cement, can better keep
out the air, than if there were a ftop-cock, at
which the air does but too frequently get in :
but befides that in divers experiments fuch re-
ceivers do ufually require to be wide mouthed,
whereby a greater compafs is to be fenced a-

Yor. IIL

in almoft 3]} the

gainft the Ingrefs of the air, feveral experi-
ments cannot {o converilently be tryed in this
fort of reccivers. .

But becaufe, that though this fecond form
of our cngine hath as to feveral purpofes its
peculiar  conveniencies and ativantages, yet
fome virtuofi may be furnithed with the
other already, and fome may concejve it the
more clearly of the two, or may judge it pre-
ferable for their particular defigns; [ fhall here
intimate, that for moft of the experiments, if
not all, that follow 1n this treagife they may
make ufe of, or at lealt make 5 jhi’ﬁ; with the
firlt engine, with a few alterations; whereof
the chicf is to be this, that to the upper part
of the great cylinder, on the fjde oppofite to
the iron-rack, there is to be fafined fuch a

{quare board, and fuitable irOn-p]ate, as is ufed

in the fecond engine, betwixe which board and
plate is to be lodged fuch 5 pipe as was latelf
defcribed, being cither a copgipuation of the
outward branch of the ﬂop-coak or elfe firmly
faftned to it by fodering oy fcr::wing: for by
this means,when the fuckey i deprefied, the air
will through the cavity of g l;ipe, and the
ftop-cock whereto 1L1S annexed, pafs frecly, by
virtue of its own {pring, qur of ¢he receiver into
the exhaufted cylin'der; though this, and the
fucker that moves in it heino not kept, as in
the fecond form of the endine Du’nder water, the
greater care yvdl be neeﬁed,to keep the air
from infinvating itfelf bherween them. A good
cement, to faften ¢}, receivers to the often
mentxone.d plate of iron. is a thing of no fmall
moment in lpaliillg the %ollowing experimentsy
of which we Imploy differing compofitions for
differing PUrpofes, “fome of which are not ne-
ceflary to be Mentioned in that pa'rtv of this
work, that now Comes forth; but that, which
_the following tials we chicfly -
1S a wel] wrought muxture of yel-
: ; and turpentine, which comp Oﬁf
tion, asit ferveg herpep than moft others to keep
out the air, f, it has the conveniency, which
1s no fmal] ope of fvldom needing to be heated,
and feldomey ¢o pe much fo- efpecially if we
imply a Jitgle more turpentine in winter than in
ummer, i, the former of which fpafons, as
much, or Very near as much of that ingredient
as of the \yax does well, for as in fummer a
MiXture of three parts of wax to about two of

turpentine js more propers

make ufe of,
low bees way



A CONTINUATION OF

NEW EXPERIMENTS
PHYSICO-MECHANICAL,:

TOUCHING

THE

SPRING and WEIGHT of the AIR, and their EFFECTS,

My Drar Lornbp,
SIN CE I have already in proper places

of the phyfico-mechanical experiments

about the air, which I formerly prefent-
ed your lordfhip, given you a fufficient ac-
count of feveral things touching the fcope, oc-
cafion, &c. of my attempt; ‘it will not be
neceflary to make a folemn preface to the en-
fuing experiments. And therefore prefuming
upon an acceptance, which the favourable
entertainment, which your lordfhip, as well
as the publick, was pleafed to give my firft
trials of this kind, encourages me to expe@, I
fhall, without troubling you with any further
preface, ‘immediately fall upon a continuation
efpecially fince your lordthip will perhaps won-
der, that you have not received it much fooner,
as, indeed, you thould have done, if I had

been befriended with accommodations and
leifure,

i

EXPERIMENT 1L

About. the m.z/in% of mercury to.a great height

in an open titbe ~vhefpring of a little i~
cluded air. g o+ ’

DIVERS ways have been propofed to
: fhew both the preffure of the air, as the

atmofphere is a heavy body, and that the air,
efpecially when comprefs’d by outward force,
has a {pring, that enables it to fuftain or refift
a preflure equal to that of as much of the at-
mofphere, as can come to bear againtt it; and
alfo to fhew, that fuch air as we live in, and
15 not condenfed by any human or adventi-
tious force, has not only a refifting fpring,
but an adtive fpring (if I may o fpealf) in
fome meafure, as when it diftends a flaccid or
breaks a full-blown bladder in our exhaufted
receiver,

Bu T obferving, that there feems towant a
vifible experiment to convince thofe, that are
not fo eafily fatisied with reafons, though
drawn by juft confequence from phyfical or
mechanical truths, or even from other experi-
ments; taking notice, I fay, hereof, I made
the following experiments ; not fo much to
prevent or remove a fcruple ng better ground-
ed, as to have a new way of making an efti-
mate by fome known and determinate mea-
fure of the force of the bare {pring of the air,
both in its natural ftate, (as it 1s faid to be,
when not comprefled nor rarificd, more than

the free air we breath,) and according to its
feveral degrees of expanfion.

W took then a vial, with a neck not
very large; and having filled about a fourth
part of it with quick-filver, we fo erefted
and faftened a long and flender pipe of glafs,
open at both ends in the neck of the vial,
with hard fealing-wax, that the lower end
reached almoft to the bottom of the quick-
filver, and the upper more than a yard above
the vial. Then having blown in a lictle air,
to try, whether the inftrument did not leak,
(which it is very difficult to keep fuqh inftru-
ments from doing,) Wwe conveyed it into a

long and flender receiver, fit for fuch an ufe; Sce Phte
and having withdrawn the air as well as we IILFig.1

could, we found, according to our expectation,
that the fpring of the air, included in the
viol, impelled up the quick-filver into the
erected pipe, to the height of 277 inches; and
having fuffered the external air to return into
the receiver, the quick-filver fubﬁd.ed in t'he
tube, fometimes almoft, and fometimes quite
as low as the ftagnant -quick-filver in the
vial, . . .

For the better illuftration of this experi-
ment, thus fummarily related, but with the
like fuccefs, as to the main, feveral times re-
peated, we will fubjoin the following obferva-
tions and notes.

I. TaaT we tried this experiment feve-
ral times, and the laft time in the prefence of

.the famous Savilian geometer, Dr. Wallis,
who faw the quick-filver in the pipe impelled
up to 27 inches, being one himfelf of the
meafurers. And thoughat other times we found
it to be much about the fame height with the
laft, yet once it feemed plainly to be a pretty
deal higher ; which yet we fpecified not, be-
caufe a mifchance took off the mark, which
we had made to meafure the height by.

II. Havinc once, to try the ftanchnefs
of the vial, blown in fo much air, (without
taking out any thing as we ufe to do in the
like cafe) that the air in the cavity of the viol
raifed and kept the quick-filver 3 inches high
in the pipe, when we went on with the reft of
the experiment, according to the way above
deferibed, we found, by emptying the receiver
of air, that we were able to raife the quick-
filver in the cane go. inches, or {fomewhat
more above that in the vial,

2 111,
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I11. SomeTIMEs it may happen, that the
mercury, when taken very foon out of the
“receiver, will not appear to have fubfided to
its firft lownefs, which perhaps it will not fink
to in fome while after: which 1s not to be
wondered at, fince in fuch a receiver, which
contains but little air, the heat of the cement
and the iron, imployed to melt it quite round
the receiver, may impart a little warmth to the
air in the vial, which will after return to its
former temper. But this accident is neither
conftant nor neceffary to the experiment.

IV. It is very remarkable, that if the re-
ceiver be fitly ftopped, and flender enough ;
upon the turning of the ftop-cock, to let out
the air at the firft exfution, the mercury will
be impelled up by the fpring of the air in the
viol, fyuddenly flying abroad or ftretching it-
felf, fo that it will be raifed feveral inches
above the height it will reft at afterwards, and
will make feveral vibrations up and down be-.
fore it come to fettle, jult as the mercury does
in the Torricellian experiment, (the bare pref-
fure of the little air doing here to the mercury
what the weight of the atmofphere does there,)
and fuch motions of the mercury will be made
four or five fubfequent exfudions, upon the
withdrawing of the air in the receiver. But
as thefe grow lefler and lefler, as the {pring of
the included air grows fainter, {o none of them
1s any thing near {o confiderable as the vibra-
tions made upon upon the firft fuck,

V. AcrrerasLk hereunto we obferve, that
at the firft exfuction, when the fpring of the
included air was yet ftrong, the mercury would
be raifed by our ecftimate above half, if not
§ of the whole height, whereto it will at length
be brought, (though that muft be according
to the bignefs of the receiver, and other cir-
cumftances,) and the fubfequent exfutions do
{till add Iefs and Iefs-proportions of height o
the mercurial cylinder, and that for two rea-
fons: the one, becaufe the more there is of
mercury impelled into the tube, the greater
weight of mercury prefles upon the included
air : and the other, becaufe the air has fo much
the more room in the vial to expand itfelf,
whereby its fpring muft be proportionably
weakened.

Lastivy, when we made moft of thefe
trials, I had the curiofity to obferve the height
of the mercury in a good barometer; and
thereby found, that the air was then but light;
its greateft height reaching but to 29 inches,
“and , and its height foon after the trial, where-
of Dr. Wallis was a witnefs, amounting but to
29 inches.

To make an eftimate of the quantity of
air, that had raifed the quick-filver to 24
inches, we took the vial, that was imployed
about this experiment; and having counter-

oifed it, whilft it was empty, we afterwards
filled it with water, and found the liquor to
weigh 5 ounces, 2 drams, and about 20 gr:.lins.;
and then having poured out the water, till it
was funk to a mark, which we had made on
the outfide of the glafs, to take notice how
high the quick-filver reached, that we poured
in: and laftly, weighing the remaining water,

equal in bulk to the quick-filver, we found
it to amount to 1 ounce, 2 drams, I4 grains;
fo that the air, that had raifed up the mercu-
ty, poffefitd (before its expanfion) in the vial
the place but of 4 ounces, and a few odd
grains, i. e, of about 3 of a pint of water.
And as for the pipe alfo, imployed about the
fame experiment, we found 1ts cavity to have
about % part of an inch in diameter.

It was one of the ufes I hoped to make of
this experiment, that by comparing the feveral
degees of expanfion of air included in the vial
with the refpeftive and increafing heights of

the mercury, that was impelled up into the

pipe, fome eftimate might be made of the
force of the fpring of the air weakened by fe-
veral degrees of dilatation 5 but for want of
conveniencies I forbore to venture upon fuch
nice obfervations, cfpecialiy becaufe the pref-
fure of the dilated air, that remains In the re-
ceiver, and is external to the air included in
the vial, muft alfo be taken into confidera-
tion.

AvoTHER ufe of our experiment may be
this; that it may fupply us with a confiderable
argument againft fome learned men, who at-
tribute the fufpenfion of the quick-filver in the
Torricellian experimentto acertain rarified mat-
ter, which fome call a funiculus, and whereto
others give other names; which rarified fub-
ftance they fuppofe to draw up and fuftain the
quick-filver, in compliance of nature’s abhor-
rency of a vacuum. For in the experiment
under confideration, the quick-filver being not
only fuftained at the height of 27 inches
the tube, but elevated thither ; if the caufe of
Phis be demanded, it will be anfwered, ac-
cording to their hypothefis, that the air in the
receiver, external to that of the vial, being,
by reafon of the fucking out of fome of it by

“the pump, more rarified than that in the vial,

it draws up to it the quick-filver in the cane,
and the more it is rarified, the higher it is en-
abled to draw it. But then I demand, whence
it comes to pafs, that though we can, by
perfevering to pump, more and more ranfy
the little remaining; air, or the aercal fubftance
in the receiver, that in the vial not appearing
to be alfo rarified, yet the air in the receiver
does not by virtue of 1ts fuperadded rarefaction,
whereby it exceeds that of the air in the vial,
pull up the quick-filver to a greater height in
the tube than 24 inches: for, that this is not
the greateft height, to which mercury may be
raifed by this rarified fubftance, our adverfaries
muft not deny, whotell us, that in the Torri-
cellian experiment it fuftains a mercurial cylin-
der of 29 inches, and #, and cap raife a cy-
linder of 29 inches to 29 %, or higher, 1
cafe that the cylinder be made to vibrate up
and down in the tube.

A~ as for thofe, that will in fuch cafes,
as our experiment fuggefts, have recourfe only
to that which they call the f#g@ vVacui, they
may pleafe alfo to confider, that fince the
quick-filver remains the fame, its afcenfion in
the tube will not be available for what they
think to be nature's purpofe ; for, whether it
reach higher or lower i the tube, it will adz-

quately

Seethelat-
ter part of
thetollow-
ing Expe-

riment.
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quately fill no more {pace in one pofture, or
i one figure, than in another, in what part

foever of the cavity of the recciver it be
placed.

EXPERIMENT IL

Shewing, that much included atr raifed mercury
in an open Tube, no higher than the weight of
the atmofphere may in a barofcope,

N the former experiment, by reafon of the

{malnefs of the vial, that was employed
about it, there was fo little air included, that
the expanfion of it, fo far as was requifite to
impell up the mercury in the pipe to the above
mentioned height of 27 inches, may be pro-
bably fufpetted to have very much weak-
ened its {pring, and therefore it may be thought,
that (efpecially confidering the great force, that
feveral of our experiments manifeft imprifoned
air to have,) if there were a greater quantity of
air included in the veffel, fo that the expanfion,
fufficient to raife the mercury to the former
height, would not need to be confiderable,
(becaufe that the capacity of the tube being
but the fame, the whole included air will be
fo much the lefs expanded, by how much the
more of it there is,) it feemed probable, that
the fpring of the air, being but a little weak-
ened by fo fmall a dilatation, would remain
ftrong enough to raife a much taller cylinder
of mercury in the tube, and perhaps make the
liquor run over into the receiver.

But though this fuggeflion feem probable
enough, yet when I confidered, that the weight
of the atmofphere is able to fuftain a cylindey
of quick-filver but of 3o inches, or thcreabo;?s
(in perpendicular height) and confequently,
that the prefiire of fuch a mercurial cylinder
is equivalent to that of an atmofpherical cylin-
der of the fame bore it wasnor difficult to
conclude, that fince the air in a vial, before
the mouth is clofed, has a fpring but equal in
ftrength to the weight of the atmofpherical
pillar that leans upen it, (for if the fpring
were too flrong for the weight that leans on it,
fome of the air would get out of the vial) a
greater vial, and confequently a greater quan-
tity of included air would not be able by its
{pring to elevate and fuitain a longer cylinder
of mercury, than the weight of the atmofphere
is able to do ; nor indeed altogether fo much,
becaufe of fome little (though but little) dimi-
nution of the fpring by fome (though but a
fmall) expanfion, that the included air fuffers,
by fuccecding in the place of mercury, that is
impelled up.

To clear therefore this matter by an expe-
riment, we took a firong glafs-bottle, capable
of holding about a quart of liquor; and ha-
ving put Info 1t a convenient quantity of quick-
filver, we ereCted in it a very long and flender
pipe of glafs, open at both the ends, and
reaching at the lower end beneath the furface
o'f. the ftagnant mercury 3 and having faftened
this pipe in the neck of the bottle, by choak-
mg up that neck very accurately with good
cement, that none of the included air might

be able to get out, we conveyed the whole
z

into a receiver, like that imployed about the
firlt experiment in fhape, but much larger, that
it might be able to contain fo great a veflel ;
and then the engine being fet at work, we
quickly raifed the quick-filver to a greater
height than formerly; and when we faw it
come to a ftand, we did by the help of fome
marks, made before-hand on the pipe, and
by the help of a very long and well divided
ruler, meafure, with as much care and accu-
ratenefs as the figure of the veffels would al-
low us to do, the height of the mercurial cy-
linder, which we found to be 29 inches, and
about %, to which abating half an inch, which
was raifed, before the pump was employed,
by fome air, that had been blowed into the
bottle, to try whether it were ftanch ; deduét-
ing, 1 fay, this half inch of quick-filver, which
remained in the tube after the external air was
let in, (as well as it had been there before the
receiver was exhaufted,) out of the newly men-
tioned number there remained 29 inches, and
near %, for the height of the mercury, raifed
by the fpring of the air, fhut up in the bottle;
and then confulting with the above-mentioned
barofcope, which ftood in a window in ano-
ther part of the houfe, I found, that the
weight of the atmofphere did bear a mercurial
cylinder of about 29 inches and %, which was
higher by ¢ than that to which the fpring had
raifed the quick-filver in the exhaufted receiver:
and the difference perhaps would have been
greater, if the place, where the experiment
was made, had not by its warmth added fome
little matter to the {pring of the air; and if
alfo we could have kept the mercury fo long
clevated, as to give 1t leave to difcharge its
{elf of thofc fmall bubbles, which it is almoft
impofiible in fuch cxpgriznents as this to free
quick-filver from, without fome hclp from
time. '

Lastr¥,though we caufed the pump to be
plied, to try whether we could not, by the
more diligent exfuction of the receiver, rajfe
the quick-filver above the heighe of that, which
thea tmofphere kept fuftained in the barofcope s
yet our labour gave usbut a confirmation, that
the fpring of the air would not raife the
mercury higher, than did the weight of the
atmofphere, which may not a little confirm
the fecond obfervation.

N.B. Tr1s was not the only nor the fisft
experiment we made of this kind 3 but this be-
ing carried on without mifchances, (with which
divers others were attended,) and made with
much care, 1 thought fit to fet down this in-
ftead of all, intimating generally about the reft,
that they feemed to agree well for the main
with that, which is here recited. Only there
is one thing relating to thofe ather experiments,
that feems not altogcther unworthy to be taken
notice of 3 which is, that when our trials were
made in veflels, that contained a confiderable
quantity of air, though upon the exhauftion
of the receiver, the fpring of the included air -
could not raife the quick-filver to the top of
the pipe, yet {fometimes by other effects it
manifefted itfelf to be very ftrong, as once or
twice by the blowing out or breaking the cork

or
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or cemeht, and other matter that was imployed
to ftop the glafs it was fhut in ; and once' by
an accident too memorable to be here paffed
over in filence. . ,

I had one day invited Dr. #allis to fee fuch
an experiment as I have been relating, made
with (not a vial, but) a bottle of green glafs,
(fuch as we ufenow for wine,) and four or five
pounds of mercury.  After this learned perfon
and I had continued fpectators as long as we

“thought fity we withdrew into another room,
where we had not fat long by the fire, before
we were furprized by a fudden noife, which
the perfon, that occafioned it, prefently came
runhing in to give us an account of, by which
it appeared, that this ingenious young man,
(whom I often imploy about pneumatical expe-

- riments, and whom I mentioned to your Lord-
* fhip, becaufe ¥. M- has the honour to be fome-

what known to you,) being defirous in our ab-
fence to fatisty the curiofity he. had to know,
whether the quick-filver could not be raifed

higher in the pipe than I had foretold, plyed

the pump fo obftinately, that at length the -

bottle being not, it fecms, every where equally
{trong, the imprifoned air -found 1t more diffi-
cult to make the quickfilver run over at the
top of the pipe, than to break the bottle in the
weakeft place; and accordingly did not only
throw off a piece of the bottle, but threw it
with fuch violenice againft the large and ftrong
receiver, as broke that alfo, and rendered it
unferviceable for the future.. But the door
and I laying together the pipe, which hap-
pened to be broken into but few pieees, con-
cluded by the place, to which we were told it
reached when this -accident happened, that it
“had not exceeded, nor indeed fully equalled the
height, to which the weight of the atmofphere
mighe have raifed it. ST A

EXPERIMENT IIL

Shewing that the [pring of the included air will
 raife mereury to aimofi equal -beights in very
unequal tubes. 3 T

e S i i

AVING fhown in the two former ex-

- B periments, that the active firength of
the air’s {pring is very confiderable, I thought
good alfo to examine, whether or no to the
cther refemblances in operation between the
weight of the frée air, and the preffure of the
1ncludec air, this alfo may be added, that as
the gravitation of the atmolphere is able (as we
thall hereafter prove) to fuftain the mercury at
the fame height in lefler and greater tubes,
fealed at the top; fo the preffure of the in-
cluded air may be able to fuftain the mercury
at the fame height in flenderer and in larger
tubes, though in the latter it muft fuftain a far
greater weight ‘of mercury than in the former;
provided allowance be made for the weakening,
which the fpring of the included air muft be
fubject to, by reafon that, ‘to fucceed in
the place of a large cylinder of mercury
Impelled up into the greater tube, it muft
expand it felf more, and confequently have

its fpring more weakened, than if the. tube
were {lender. .

Vou. IIL

T o profecute this experiment, I thoughton
a peculiar thape of vefitls, which, if T had been
where there is a glafs-houfe, I would have
caufed to be blown for the more convenient
trying of two pipes of different bores at the
fame time. But though I wanted this accom-
modation, I thought I might well enough
thew what I intended by imploying fucceffive-
ly two tubes of very differing fizes, provided
the vefiel for the including of the air were the
fame. e
Wuererore taking the glas bottle;
made ufe of to try the former experiment, and
ere&ing in it after the manner above defcribed
a cylindrical pipe of glafs, a good deal larger
than the former, (if not as large again) we pro-
fecuted the experiment as we had made ity
with the f{lender tube above mentioned, and
found, that we were able, by the fpring of the
airin the bottle, to raife the quick-filver to a
confiderable height, which, meafuring as well
as the veffel would allow us, was, by the leaft
eftimate that was made of it, (which was mine)
28 inehes, and %, by which it appeared to
want fomewhat above an inch of the height.
of the mercurial cylinder, which the weight of
the atmofphere could have fuftained, as ap-

_pear’d by the barometer, wherein the quick-

" 0 . . L
filver at that time was about 2g inches, and %
high ; which difference was no more than I

_expected, confidering, that, whereas the weight

of the atmofphere is flill the fame, when the
mercury is at its full height (and that whether
the pipe be great or fmall) in a fealed tube;
the {pring of our included air muft needs be
weakened the larger the tube is, and the

higher the liquid metal is impelled in it; fo

that it feemed a confiderable pheenomenon, £
the {pring of fo little air fhould be able to raile

that

.the mercury.as..high -within an inch or there-
“abouts in a wider as in a {lenderer tube, fince

the diameter of the cavity of the former being

by our eftimate double to that of the latter, (in-

to which the flender pipe could eafily be put
as into a cafe too big for it :) -the greater mer-
curial cylinder may be fuppofed to have weigh-

“ed near four-times as much as the leffer s I fay,

near, becaufe there was an inch difference in

- their heights: but in cafe thefe had been equal,
then the folidities of the cylinders would have

been to one another as their bafes; and fince
thefe, being circular, are in duplicate propor-
tion to their diameters, that is, as the fquares
of their diameters ; it is plain, that if the diame-
ters be as one to two, the fquares of them muft
be as one to fours and thefe cylinders confifting
of the fame mercury, their weights will have
the fame proportions with their folidities, and
confequently would be as one to four, making
the abatement formerly intimated for the inch
and a little more of mercury, by which the
larger cylinder came fhort of the height of the
former. , .
N.B. 1. This and the. two former expert-
ments tried by us with quick-filver may be
alfo tried with water; but befides that we
could hardly procure tubes long enough for
fuch trials, we were not very follicitous about
it: forif we attentigly enough confider, Wf}llgag
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- Has been already delivered, and thie proportion
In fpecifick gravity betwixt water and_quick-
filver, (Whereof the lattér 15 near 14 times as
heavy, bulk for bulk, as the former) it will not
be difficult to forefee the event of fuch .experi-
ments, which he, that has a mind to make,
thould Be furnifhed not only with long tubes,
but with capacious veffels to {hut up the air
in; elfe the air will be fo far expanded before
the water has dttained near the height, 0
which the weight of the atmofphere may raife
it, that the experiments will not feein to fuc-
ceed near fo well with water, as ours did with

‘quick-filver.

2. Wz thought it worth trying, whether,
when the included air had raifed the great cy-
linder of mercuty to the utmoft height, it
could elevate it to, by the fpring it then had,
it would not Be bicught to raife the quick-filver
yet higher, if, notwithftanding the expanfion
1t had already, there were an agitation made
by ‘the heated corpuicles of the fame air. And
in purfuance of this curiofity having caufed an
hot iron and a thovel of kindled coals to be
held near the oppofite parts of the receiver,
we percéived after a while, that the mercury
afcended £ of an inch or better above the
greateft height it had reached before. But con-
Jecturing, that it would have rifen higher, were
it niot, that whilft the application of the hot bo-
_dies was making, fome particles of air had un-
perceivably ftolen into the recciver, I caufed
the pump to be plied again to withdraw the
air, 1fufpected to have got in, by which means
the mercury was ‘quickly raifed % of an inch,
or Better, by virtue of this adventitious fpring,
(f I may fo call it) which the included air ac-
quired by heat ; and 1 made no doubt, that it
might have been raifed much higher; but I
s WG y-apslying a lefs moderate heat
“1‘.9 ‘hazard the,“'b're*aking‘ of ‘my ‘ghafles, i the
place T thien Whs in, where fuch a tmifchance
could fedice have been repaired. :

EXPERIMENT 1V,
About anew bydranlo-pneumatical fountain, made
by the [pring of uncompreffed air.

¥ SHALL now add fuch an application of

the ‘Principle, whereon the former experi-
ment was grounded, as I fhould fearce think
Worth mentiching in ‘this place, ‘were it not,
“that befides ‘that divers virtuofi feem not a lit.
“tle delighited with it, .it may for ought I know
prove'to be of fome philofophical ufe (to be
‘pointed at ‘heteafter.)

W e took a 'glafs-bottle with a convenierit
‘quaritity of water in it, and fitted this bottle
'With‘a’ileﬁc‘:{e'r'glziﬁ-pipe‘opcn atboth ends, and
"zi'bdtlt"tlyr/'cé foot long, which was fo placed,
that thie lower orifice was a good way beneath
“the furface ‘of ‘the water, and the pipe it felf
Paffed perpendicularly ypwards through the
tieck of ‘the bottle, which neck was, by the
pipe ad by .good hard cement imploy’d ‘to fill
the fpace Betwixe the pipe and the infide, fo
Well and firnly clofed, thit no ‘water or air
“could get ot df the ‘bottle, norno external air

‘could ‘gét intote, ‘bue by pafling-through the

‘

Ceither of glafs or brafs

_gardens and grotto’s.

pipe. ‘This inftrument was conveyed into a ?;eg”;‘;
large receiver fhaped like a pear, of which a 7 fgare
good part of the blunt end, and a {mall part of ya;detign-
the fharp end are cut off by fections parallel to ed?;nlfr! o
the horizon, and confequeéntly to one another. :’e‘;r:{e‘:g‘a i
And becaufe this receiver was not (nor ought 5 ofehe
to be) long enotigh to teceive the whole PIpe, difference,
there was cemented on, to the upper part of it that WO“_}“
a fmaller receiver of white glafs, of fuch a 3PPes’
length and bignefs, that the upper end of the of making
pipe might reach to the middie of its cavity, the fourth
or thereabouts, and that the motions of the z‘é’::‘*vith
fpringing witer might have a convenient feope, Water,'a,
ahd {o be the better taken notice of. inthe fore-
T u 15 double receiver being cemented on going -
to the engine, a little of the air was by one 5 the
i . A ial was
fuck of the pump drawn out from it, by which 1,40 with
the preflure of the rethaining air being weaken- quickiil-
ed, it was neceffary, that fince the air included ver.
in the bottle had not its fpring likewife weaken-
ed, it fhould expand it felf, and confequently
impel up the water in the fame bottle through
the pipe, which it did fo vigoroufly, as to
make it firike brifkly at firft againft that part
of the top of the fmaller receiver, which was
jult over the orifice of the pipe.’ But after it
had a while made the water thus fhoot up ina
perpendicular line, as the fpring of the air in
the bottle grew by that air’s dilatation to be
weakened, the water would be impelled up lefs
frongly and lefs diredtly, till the air in the
bottle being as much expanded as that in .the
receiver, the afcent of the water would quite
ceafe, unlefs by pumping a little more air out
of the receiver we renewed it again.
~Asour the making of this experiment
thefe particulats may be noted.
L Itis cenvenient, that the upper part of
the pipe be made (as it cafily may be at the
flame of a lamp) very flender, that the water
having but a very fmall orifice to iffue out at,
may be fpent ‘but flowly, -and thereby make
the experiment laft fo much the longer.
' II: You ‘may, if you pleafe, inftead of
making the upper part of the pipe flender, ag
was juft now direfted, cement on to it a to
» confifting of three o
‘more very flender pipes, witha pin-hole at the
end of each, that one of thefe pointing dire¢t-
ly upwards, and the others to the right hand
and to the Jeft, the water may Ipin out feveral
ways at once, by which kind of branched pipes
‘wehave fometimes imitated the Fets d’ean (as
‘the French call them) and artificial fountains of

L I~ regard that o fhort a cylinder of
water, as‘exceeded not the length of our glafs
pipe, could not makeany confiderable refiftance
to'the ‘expanfion of the included air, it was
thought and found fafe enough to imploy in-
{tead of a firong glafs-bottle a much larger vial,
without being “follicitous about its fhape, or
that it fhould be very ftrong, and by this
means we could make this pleafant. fpectacle
laft a great while, efpecially if we alfo made
ufe of the expedient to be mentioned in the

following note.

4. IF you find, that the included air has
by expanding it felf too much wegkened its

z fpring,
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fpring, whilft there yet remains with it a good
quantity of waterin the bottle or vial, you may
reinforce the preflure of the air by only turn-
ing the ftop-cack, and letting in what air you
think fit to the exhaufted receiver: for upon
the admifion of this new air, the air in the re-
ceiver will prefs upon the water in the pipe,
and having driven it into the bottle again,
will follow it thither, till the air in the bottle
and that in_the receiver have attained an equal
{pring, and then by pumping outa convenient
quantity of the air contained in the latter, the
air fhut up in the former will be able to impel
up the water as before, till the ftagnant liquor
be deprefled to the lower orifice of the pipe, at
which, when the air of the bottle can get ou,
the courfe of the water upwards muft ceafe.
Tue Ufes I made of this new hydraulo-
preumatical fountain (for in it I aim not only

at a ludicrous experiment) were principally
thefe,

Tue firft was to make it the more proba-
ble, thatif we had had convenient veffels, we
might by the preflure of the air included in the
bottle have raifed water about fourteen times
as high as we did quick-filver in the former
experiment, {ince upon but a little weakening
of the prefiure of the air in the double receiver,
the air in the bottle was able to impel the wa-
ter forcibly enough, and for a pretty while, to
the top of a pipe of abouta yard long, and a
good deal higher. (But this is but a flight
ufe.). . .

Tre next thing therefore we defign’d to
Thew by this experiment was, thatin thofe hy-
draulo-pneumatical engines, . where water is
Placed between two parcels of air, the water
may be fet a moving as well by the meer dila-
.ta:tipn of one of the parcels of the air, as by
Bving a new force by heat or compreflion to
the Other;” and-whether.this_mechanical princi-
ple of motion may hereafter prove not altoge-
ther ufelefs in engines, we ~refer to further
confideration.

ANoTuErr ufe we made of this experi-
ment was to fhew fomewhat relating to the
fpring of the air, which may be worth confi-
d_ermg, .though we fhall now byt barely men-
-tion it.  If then, when fome of the air had
‘been pumped out of the receiver, we removed
that double veflel from the bottle, the external
air would by its weight haftily deprefs the wa-
ter in the pipe, till having driven it to the ver
bottom, it got up in numerous bubbles through
the water, and joined it felf with the ajp n-
cumbent on that liquor: but that which was
here obfervable was, that all the external air
that was able to get into the bottle, did not do
it fuddenly, but after the firft irruption we
could perceive, that frorq time to time there
would new portions of air leifurely infinuate
themfelves through the pipe into the bottle,
and emerge through the ftagnant water in
bubbles, that fucceeded one another fo flowly,
as to beget fome wonder, as if the fpring of
the included air having been once put out of
its wonted conftitution by its late expanfion,
could not be reduced to it but by degrees by
the weight of the atmofphere, which was fill

~whofe fuccefs,

the fame: or, rather, as if between the fpring
of the included and the prefiure of the external

air counterballancing each other, there hap-

pen’d fome fuch thing as is obferv’d in an or-
dinary pair of fcales, of which one is too much
deprefled, where the motion (which was fwift
enough at firft) becomes fo' much the flower,

\ .
- by how much the weights come nearer to the

@quilibrium, which theirequality difpofes them
to reft in. :

Bu T the chief ufe defigned in this experi~
ment was, toobferve, whether the lines, made
by the water in its efiluxions, would be of the
fame figure, notwithftanding the rarifaction of
the air in the upper part of the receiver, as
if the air had not been at all rarified: and for
this purpofe it is beft to make one’s obfervations
towards the latter end of the experiment, be-
caufe then the receiver being moft exhaufted,
and confequently having the leaft of air left in
it the difference made by the change of the
denfity of the medium, in which the beams of
water (if I may fo call them) move, is like (in
Caf‘f there bt} any) to be beft difcerned. . And
this convenience we had by our way of expe-
rimenting, that we could take notice of the
lines defcribed by the falient water, as the ¢ja=
culation of that liquor grew ftill fainter and
fainter.  But' though I afterwards invited Dr.
Wallis to favour me with his opinion about
the curve lines of the falient. water, yet for
want of an upper receiver large enough, even
he profefled himfelf (as I had done) not fatif-
fied about them.  Only he fometimes (as I alfo
did) obferved the falient water to def_cribe part
of a line perfectly enough parabohca_l, with
which fort of curves he has been particularly
converfant, .

Trrs made me refolve for further fatif-
faction to.attempt by another contrivance, '(of
if T can procure the implements
I'need, your lordfhip may expe an account)
what the figures will be not only of falient wa-
ter, but mercury, and other: Liquors; and that
when the receiver is much better exhaufted,
than it was neceffary it thould be in the fore:
going experiment, : S

EXPERIMENT V.

About a way of [peedily breaking flat glaffes, by
the weight of the atmofpbere.

OR the more eafy underftanding of fome

of the fubfequent trials, it will be requi-
fite in this place to mention, among experi-
mentsabout the {pring of the air, the following
Phanomenon belonging to its weight.

THIs isone of thofe, that is the moft
ufually thewn to ftrangers, as a plain and eafy
proof, both that the weight of the incumbent
air is confiderable, and that the round figure
of a recciver doth much more conduce to
make an exhaufted glafs fupport that weight,
than if the upper part of the receiver were flat.

To make ‘this experiment. we provided a
hoop or ring of brafs of a confiderable r)ncka
nefs, whofe height was 2 £, or 3 inches, and
the diameter of whofe cavity as well at the
upper as lower orifice (fhould have been juft

3
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3 inches, but through the erfor of the work-
tnan) was 3 inchesand #%. To this hoop we
fucceffively faftened with cement divers round
pieces of glafs, fuch as is ufed by glafiers (to
whofe thops we fent for it) to make panes for
windows, and thereby made the brafs-ring with
its glafs-cover a kind of receiver, 'whofe open
orifice we carefully cemented on to the engine;
and then we found, as we had conjettured,

" that ufually at the firft exfution (though fome-

times not till the fecond) the glafs-plate would
be broken inwards with fuch violence, as to be
fhattered into a great multitude of {mall frag-
ments, and.(which was remarkable) the irrup-
tion of the external air driving the glafs in-
wards did conftantly make a loud clap, almoft
like the report of a piftol. Which phenome-
non, whether it may help us to difcover the
caufe of that great noife, that ismade upon the
difcharging of guns, (for the recoil feems to de-
pend upon the dilatation and impulfe of the
powder) I muft not ftay to confider. '

EXPERIMENT VL

Shewing, that the breaking of glafs-piates in the
Sforegoing experiment, need not 10 be afcribed
t0 the fuga vacui. . .

I HOUGH 1 long fince informed you,
T that in the experiments I then prefented
your lordfhip, it was not my purpofe to deli-
ver my own -opinion, whether there be a va-
cuum, or no; and though I do not in this
tractintend to declare my. felf either way; yer,
that I may on.this occafion alfo thew, ‘that the
preflure of the-air may fuffice to account for
divers pheenomena, . which according to the
vulgar philofophers muft be referred to nature’s
abhorrency of a vacuum, I will illuftrate the
foregoing experiment by another, the fubftance
whereof-is thisve—eworee, ..., | .

T u a T if, inftead of the ‘above mentioned
brafs hoop, both whofe orifices aré ‘of equal
breadth, you imploy a hollow (but taller).
piece of brafs, or (which is more -eafily made)
of latten, fhaped like a conus ‘trurncatus, -or a
fugar-loaf, whofe upper part is:taken off pa-
rallel to the bottom; and if you miake the two
orificesof ‘a breadthi fufficiently unequal, as if
the larger being made as wide as. that of our
brafs-hoop, the ftraiter were lefs than an inch
in diameter; you will find, that if this piece of
anetal be made ufe’ of, as the other ‘was in the
foregoing experiment, the flat glafs cemented
on to the orifice, will be eafily broken, as for-
merly when it is faftened to the wider orifice 3
but if the ftraiter orifice be turned upward, the
glafs that covers it, if it be of a-due thicknefs
(though no' thicker than the former) will re-

-main entire, notwithftanding the withdrawing

of the air from beneath it: which feems fuffi-
ciently to argue, that it is not precifely nature’s
abhorrency of a vacuum, that is the caufe, why
glaffes are ufually broken in fuch experiments,
fince whether the wider or the narrower orifice
be uppermoft, and covered, (the metalline
part of the veffe] being the fame, and only va-
rying its pofture) the capacity of the exhaufted
veilel will be equal; and therefore nature ought

to break the glafs aswell in one cafe as the
other, . which yet the experiment fhews fhe
daes not. ‘ ‘ '
WuerErore this diverfity feems much
better explicable by faying, that when the wi-
der orifice is uppermoft, the glafs that covers
it muft ferve for the bafis of a large atmofphe-
rical pillar, which by its great weight may eafi-
ly force the refiftance of the glafs: whereas
when the fmaller orifice  is uppermoft, there
leans upon its cover but o flendér a pillar of
the atmofphere, that the natural tenacity or
mutual cohzfion of "parts in the glafs is not to
be furmounted by a weight, that is no greater.

EXPERIMENT VIL
About a convenient way of breaking blown blad-
ders by the [pring of the asr included in them.

§YHE foregoing experiments having fuf-
T ficiently manifefted the ftrength of the
airs {pring upon fluid bodies, I next thought
fit to try, whether the force of a little included
air. would alfo upon confiftent and - even folid
bodies emulate the operations of the weight of
the atmofphere. In the profecution of which
enquiry we thought fit to make two forts of
trials: the one, where the air is included in the
bodies, on which its fpring does work ; and -
the other, where it is external to them. Of
the firft fort are this feventh and the two fol-
lowing experiments ; and of the fecond fort are
fome other trials, to be comprehended under
the tenth experiment. SR .

Havine formerly mentioned - to your
lordfhip, that we were feveral times. able
(though fometimes not without much difficul-
ty) to make a blown: bladder break " with the
fpring of its own air; I fhould not think it
worth while to fay any thing here about the
fame phoenomenon, but that (befides that it
feems.odd enough,.and s not unpleafant to
many ' {peftators) . it may deferve not to be
wholly neglected, becaufe a good way to break
bladders in the much exhaufted receiver ma
{ometimes prove an ufeful expedient, efpecially
in fuch cafes, wherc the cxperimenter (who
{ometimes either is not fkilful enough, or well
enough furnithed with accommodations to re-
gulate the ingrefs of the air) would, very fud-
denly fupply the receiver with frefh air, when
it has been much emptied, without danger of
letting in too much air from without. Not to
mention, that the air, included ‘in the bladder
o be broken, may be fo mingled with fteams,
‘or imbued with divers qualities, as to be much
fitter tham common ‘air for fome particular
purpofes, : :

We fhall then for the affinity’s fake between
‘this trial and the former, fubjoin now the wa A
by which we feldom failed of breaking blad-
ders in our emptied receivers. For this pur-
pofe, the blown bladder, that was to be burft,
having the neck very clofely and ftrongly tied, -
was kept a pretty whilein the receiver, whilft
the air was pumping out, and then taken out
again, that, now the fibres were ftretched and
relaxed, the capacity being leffened by a new
ligature that I ordered to be ftrongly made near

2z the
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«the: neck, the bladder might be leffen’d though
the air were but the fame, and the membrane
being not fo capable of yielding as before, up-
on the fecond exhauftion of the receiver the
bladder in.it would break, far more eafily than
otherwife, and perhaps be oddly enough lace-
rated. - R ‘

- WE fometimes alfo varied this way of dift
pofing bladders to be burft, by omitting the
preparatory putting in of the bladder into the

receiver, and-only taking it in a little near the -

neck, that, the bladder having not been blown
very full at firft, the tenfion of the included air
might be. greater. - But this laft way is to- be
made ufe of, when the thing we defire is, that
the bladder by breaking at a certain time may
part with its air, and not when ’tis only to give
an inftance of the force of the {pring of un-
comprefled air againft: the fides' of the veflel
that contain it. :

EXPERIMENT VIIL

About the lifting up a confiderable weight by the
bare [pring of a little air included in a bladder.

"/~ OU will eafily believe, that the force im-
ployed (in the foregoing experiment) by
the air, to break the well blown bladders it is
included in, is confiderable, if I here add, that
& fmall quantity of air, which will not fill 3 of
a bladder, will not only ferve to blow it quite
. up, but will manifeftly fwell it, though that
cffect be oppofed not only by the refiftance of
the -bladder it felf, but by a confiderable
- weight tied to the bottom of it, as-in.the fol-
lowing experiment. -
-+ WE took a middle fized bladder (of 2 hog
or fheep) and having preffed out the air, ‘till
“there rernained but a fourth or fifth part (by

guefs) we caufed the neck to. be very frongly

tied up again: alfo round about -the oppofite

part of the bladder, within about an inch of -

the bottom, we fo ftrongly tied dnother firing,
‘that it would not be made to flip off by a not
inconfiderable weight we hung at it. Then
faftening the neck of thebladder to the turning
key, we conveyed the bladder and the weight
hanging at it into a large receiver, in which
when it began to be pretty well exhaufted, the
air within the bladder being freed from the
wonted preflure of the air without it,. did by
its own fpring manifeltly fwell, and thereby
notably fhorten the bladder that contain’d it,
and by confequence vifibly lifted up, the
weight, (that refifted that change of figure)
‘which exceeded fifteen pound of {ixteen: ounces
-to the pound.

- ArTEer that we took a larger bladder,
-and: having let out {fo much air, that it was left
Jank enough, we faftened the two ends of it to
the upper part of the receiver, (for which elfe
it would have been too long)-and: tied a weight
-(but not the fame) fo as that it hung down
from the middle of the bladder: then ex-
-haufting the receiver as before, though the
:bladder, and this new weight which ftretched
1ty reached fo low,. as that for a while we could
{carce. fee, whether it hung in the air or no; yet
-at length we pesceived: the bladder sofwell, and

Vou. IIL

concluded, that it had lifted up its clog about
an inch; which was confirined by the return
‘we permitted of the air into the receiver, upon
-which the bladder becamé more wrinkled than
before, and the weight defcended, which be-
ing taken off, and weighed in a flatera; a-
mounted to about 28 pounds; 'We would have
reiterated the experiment, bt fo ‘heavy a

-weight having broken ‘the bladder, we were

difcouraged from proceeding any further, efpe-
cially in regatd of the difficulty of bringing by
this contrivance the ftrength of the air’s fpring
to any exact computation ; though it fufficient-
ly thews what I defigiied it fhould, namely, that

“the fpring of a little included air may-be able

even 1n fo flight a contrivance to raife a great
weight, E . :

WHETHER this experiment may any way
illuftrate the motion of mufcles, made by infl4-
tion, contraction, &c. it belongs not to this
place to confider., ’

EXPERIMENT IX.

About the breaking of bermetically ﬁaled bubbles

of glafs by the bare Jpring of their own air.

SHALL, premife to the following trials
an experiment, whefein uncomprefled air

is made by its ewn: bare {pring to break the fo-
lid body itfelf itis fhut up in. And thisI the °

rather fet down before the fubfequent trials, be-
caufe in our alfeady publifhed phyfico-mecha-
nical experimients mention has been made of

‘this trial, as of one, that we could not then

maké to fucceed; we have fince, employing

fmaller reccivers, made'it often enough prof-
“peroufly; fomewhat to the wondet of eminent

virtuofi, who' confeffed to me they had made

frequent and divers attempts to- petform the
fame thing,. witkout ever fucceeding in any of

them. ‘

Bur it will not be requifite to multiply re-
lations about this particular, and therefore I
fhall fet down but this one; which F meet with

-among my loofe notes:

A large glafs bubble hermetically fealed be-

‘ing putinto the receiver, and the air drawn out

ds much as iy ufual operations, and fomewhat
rhore, though I told the company beforehand,
that I had feveral times obferved, that fuch
bubbles would not break immediately, but
{fomewhile after the withdrawing the air from
about them: yet this continued fo long ertire
after we had left off pumping, that prefuniing
it had been:blown too ftrong, I began to de-
fpair of the experiments fucceeding; when,
whilft we were providing fomething elfe to-pur
into the receiver, and, as Igueffed, four minutés

‘after the pump had been let alone; the bubble

furprized us with- its being broken with fuch’
violence by the fpring of the included-air; that
the fragments of it were dafhed every way a-
gainft the fides of the receiver, and broken fo
very fimall; that when we came to take it up,
the powder was by the by-tanders compared
to- the fmall fand wont- to be 1mployed to dry
papers, that have been newly writ upon with
ink. The reafon why the bubble broke fo
flovely: L-cannot-now ftay 1o propofe; #o- more

E thaa
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than to examine whether the difficulty of break-
ing veflels of glafs, no thicker than thefe bub-
bles, proceed from fome weakening of the
{pring of imprifoned air, by its ftretching a lit-
tle the including glafs, (for in another cafe we
-have obferved this glafs to be ftretchable by
the preffure of air) or from hence, that ’twas

very hard, as. I have elfewhere mentioned, to -

avoid rarifying the air a little, and confequent-
ly weakening its fpring, by the heat, that was
neceffary to be imployed about the fealing up
the bubble.

EXPERIMENT X

Containing two or three trials of the force of the

Jpring of our air uncompreffed upon fable and
and even folid bodies, (whereto it is external.)

Y N profecution of the inquiry propofed in the
1 title, we made (among others) the follow-
ing trials. :
The FirsT Tr1aL. .
I.-W g took_the brafs-hoop, mentioned in
the fifth experiment (whofe diameter.is fome-
what above three inches) and having caufed a
glazier to cut fome plates of 'glafs, fuch as are
ufed for making the quarrels of windows, till

- he had brought them to a fize, and a round-

nefs fit to ferve for covers to that brafs-hoop,
‘we carefully faftened one of them with cement
to the upper orifice of the hoop or ring, and
then cementing the lower orifice to the engine,
fo that the veflel, compcfed of the metal and
glafs, ferved for a fimall receiver ; we whelmed
-over it a large and ftrong receiver, which we
alfo faftened on to the engine with cement af-
ter the ufual manner.” By which contrivance it
‘was neceflary, that when the pump was fet on
‘work, the included receiver (of brafs and glafs)
dhould. have its air withdrawn, and yet the air
in the larger receiver houldnot be pumped

out but by breaking through the glats, fo that -

the internal air of the metalline receiver (as' we
may call it for diftinction fake) being pumped
out, the glafs plate, that made part of that re-
cever; muft lie expofed to the preffure of the
‘ambient air thut up in the other receiver, with-

.out having the former affiftance - of the now

‘withdrawn air to refift the preffure : wherefore,
.as we expected, at the firft or fecond exfuction
~of the air, included in the fmall metalline re-
ceiver, the glafs*plate was, by the preflure of
the incumbent air coptained in the great re-
ceiver, broken into an 100 pieces, which were
‘beaten inwards into the cavity of the hoop.
.. TheSeconp Triav.

IL T u1sdone, to fhew, that there needed
ot the fpring of 0 great a quantity of included
air to break fuch glaffes, we took another
roundith one, -which, though wide enough at
‘the orifice to cover the brafs ring and the new
glafs-plate that we had cemented on 1t, wasyet
folow, that we eftimated it to hold but a fixth
Part of what the large receiver, formerly im-
‘ plc?yed, is able to contain ; and having whelmed
this fmaller veffe], which was fhaped like thofe
cups they call tumblers, over the metalline re-
cever, and well faftened it to the engine with
that though this external re-

by which it feemed probable,

ceiver had a great part of its cavity filled by thie
included one, yet when this internal one was
exhaufted by an exfuction or two, the fpring of
the little air that remain’d, was able to break
the plate into a multitude of fragments.

: The Tuirp Triat.

II Because the glafs-plates hitherto men-
tioned feemed not 6 thick, bur that the preffire
of the included air might be able to give con-
fiderable inftances of its force; inftead of the
metalline receivers hitherto. employed, we took
a {quare bottle of glafs, which we judged to

. beable to contain about a pint (or pound) of

water, and which had been provided to keep.
fubtle chymical liquors in, for which ufe we are
not wont to chufe weak ones. This we in-
verted, and applied to the engine as a receiver,
over which we whelmed the large -receiver for.
merly mentioned; and having cemented it ony
as;in the foregoing experiments, we fot the
pump on work to empty the internal receiver
(or fquare battle) by which means the with-
drawing of the air, and the figure of the veffil
(which was inconvenient for refifting) fuffered
the preflure of the air included in' the external
receiver to crafh the vial into a grear number of
pieces. : , :

AND to vary this experiment, as we did
that of breaking the metalline receivers, we

took another glats of the thape and about the

bignefs of the former,

) and having applied it
to the engine as before,

and covered it. with a

‘receiver, that was little higher: than it felf; we

found, that upon the exhauftion of the ajr the
fecond fquare glafs ‘was likewife broken into
many. fragments, fome of .which were of fo
-great a thickniefs, as moved fome wonder, that
the bare preflure of the air was able to “break
fuch 4 veflel, though prabably the cracks, that
reached to them, were begun in much wenker
parts of the glafs. L .
- N.B. -1. TuEe bottoms-and the necks: of
Both thefe fquare bottles were entire enoy h;
_ that the veffels
had been broken by. the preflure of the air
againtt the fides, which were not only thinner

than the parts above named, but expofed a

larger fuperficies to the Jateral preflure of the
air, than to the perpendicular. -

2. WE obferv’d in one of the two laft ex-
periments, that the veflel did not break pre-
fently upon the laft exfuction, that was made of

the included air, but 3 confiderable time after,

which it feems was requifite to allow the com-
prefled parts of

the glafs time to change their

‘places: and this phaenomenon I therefore men-

tion, becaufe the fame thing, that here hap-
pened in the breaking a glafs inwards by-the
{pring of the air, I elfewhere obferved to have
happened in breaking a glafs outwards by the
fame fpring. _

3. To confirm, that it is the fpring of the
external receiver’s air, that is the agent in thofe
frattures of glaffes, and to prevent or remove
fome feruples, we thought fit to make this va-
riation in the experiment, We applied a plate
of glafs, juft like thofe formerly mentioned,
to the brafs-hoop s but in the cementing of it

on, we placed in the thicknefs of the cement
X

a
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a fmall pipe of glafs about an' inch long,
whofe cavity was not fo big as that of a ftraw,
and which being left open at both the ends,
might ferve for a little channel, through which
the air might pafs from the external receiver to
the internal : over this we whelmed one of
the Tmall receivers abovementioned; and then,
though we fet the pump on work, much longer
than would have needed, if this little pipe had
not been made ufe of, we found, as we ex-
peted, that the internal receiver continued.
. “éntire, becaufe the air, whofe fpring thould
have broken it, having liberty to pafs through
t'ke pipe, and confequently to expand itfelf into
the place-deferted by the air pumped out, did

by that expanfion weaken its {pring too much,’

to retain ftrength enough to break the metal-
line (or internal) receiver.

" But here it is to be noted, that either the
pipe muft be made bigger than that lately men-
tioned, ‘or the exfuction of the air muft not be
made by the pump as. nimbly as* we .can, or
otherwife the plate of glafs may be broken,
niotwithftanding the pipe 5 becaufe the air con-
tained in the external receivér having a force
much greater than is neceffary to break fuch a
plate, it may well happen (as I have fometimes
found it do) that if the air be haftily drawn out
of the internal receiver, that air, which thould
fucceed in its room, cannot get faft enough
out of that external receiver through fo {mall
a pipe 5 and the air remaining in that external
receiver will yet retain a {pring flrong enough
~ to break the glas. To illuftrate which, I fhall
propofe this experiment; that fometimes, when'
1 have at the flame of a lamp caufed glafs bub--
. Bles to be blown with exceeding flender ftems,
if they were nimbly removed out of the flame
whillt they weré ignited, they would according
to my conjecture;- be either broken, if they
cooled too faft,” or"comprefied-inward, . if they’
long cnough retained the foftnefs they had
given them by fufion. For the air in thie bub-
ble being exceeding rarified and expanded,
whilft the glafs is kept in the flame, and. com--
ing to cool haftily when removed from thence,
lofes upon refrigeration - the” fpring the heat
had given it; and {o, if the external air cannot:
prefs it faft enough through the too flender:
pipe, there will not get in air enough to refift
the preffure of the armofphere; and therefore,’
if this preffure find the bubble yet foft, 1t will
prefs it 4 liitle inwards, and either flatten it," or
tnake a dimple in it though the orifice of the’

pipe be left open:

EXPERIMENT XI. .

Shewing, that mercury will.in tubes be raifed by
fulion no higher than the weight of the
atmofphere is able to impel it up. 4

T is fufficiently known, that the common

opinion of philofophers, and efpecially of
thofe which follow Ariftstle, has long been,
and ftill is, that the caufe of the afcenfion of
Water upon fuétion, and particularly in thofe
pumps, “where the water feems of its own ac-
cord to follow the rifing fucker, is nature’s ab-

* #"The place here meant & a paflage in the Author's Examen of Mr. Hob¥'s diatogua about the air,

horrency of a vacoum. Againft this received
opinion divers of the modern philofophers have
oppofed themfelves. But as fome of them
were vacuifts, and others plenifts; they have
explicated the afcenfion of water in fucking-
pumps upon very different grounds ;. fo that
many ingenious men continue yet irrefolved in
this noble controverfy.
have formerly made; and now renew a folemn

‘SR

‘Wherefore though I

profeflion; - that I do not in this treatife intend.

to declare either for or againft the being of a

vacuum; and though I have * elfewhere occa-

fionally acknowledged my felf not to acquiefce

fully in what either the ancient or the modern

philofophers have taught about the adequate
caufe of fuction ; (in the afligning of which, I
think, I have thewn them to have been {fome-
what deficient ;) yet fince I think fome experi-
ments; of importance to this controverfy, may
be better made by the help of our engine; than
they have been by any inftrument I have yet
heard of, 1 fhall now add the tridls I made, to
thew both, that whether there be, or may be a
vacuum or not, there,is no need to have recourfe
to a fuga varui to explicate: fuction ; and alfo
that whatever other caufes have by &affendus
and Cartefius been ingenioufly propofed to ex-
plicate fuétion, it feems to depend clearly upon
the weight of the atmofphere, orin fome cafes
upon the {pring of the air; though I deny
not, that other caufes may contribute to that
preflure of the air, which I take to be the
grand and .immediate agent in thefe phzno-
mena. :
- Wk took a brafs pipe bended like a fiphon,
and fitted at the bigger end with a ftop- cock,
&c. as is delineated in the figure, (which in-

firument for brevity fake;. ] often call an’ex-:

haufting, or fucking fiphon) and to the flender
end of. this we faftned with good cement the
upper end of a cylindrical pipe of glafs, of
about fifty inches long, and open at both ends,
and having the lower end open into a glafs of
ftagnant quick-filver, whofe upper fuperficies.
reached a pretty deal higher than the immerfed
orifice of the glas cane. Thefe things being
thus prepared; we caufed the pump to be fet
an work, whereby the air being by. degrees
drawn out of the exhaufting fiphon, and con-
fequently. of the glafs cane that opened into it 3
the ftagnant mercury was proportionably im-
pelled up into the glafs-pipe, until it had at-
tained to its due .beight, which exceeded not
30 inches. And then, though there remained

. in the upper part of the pipe above 20 inches
- unfilled with quick-filver, yet we could not by
. farther pumping raife that fluid metal any

highey. - .

. By which it feems manifeft enough, that
whatever many learned men have taught, or
others do yet believe about the unlimited
power, that nature would exercife, to prevent
what they call a vacuum 5 yet this power has
its bounds, and thofe depend not fo much upon
the exigency of that principle, which the fchool-
men call a fuga vacui, as upon the fpecifick
gravity of the liquar to be raifed by fuion:
For confirmation of which, we fubftituted inci
ftea

See Plate
-I1I. Fig..
2. and the
annotati-
ons at the
clofe of
this expe«
riment,



16

New EXPERIMENTS Phyfico-Mechanical,

ftead of the. ftagnant mercury abafon of water;
and though iriftead of the many fucks we had
fruitlefty imployed to raife the guick-filver above
the lately mentioned height, we now 1mployed
but one exfuction, (or lefs thap a full one) which

did but in part empty the exhaufting fiphon:
yet the water upon the opening of the ftop-

cock was not only. impelled to the very top of
the glafs-cane, but likewife continued running
for a good while through the exhaufting. fi-
phon, and thence fell upon the plate of the en-
gine; fo that it feemed an odd fpe@tacle to
thofe, that knew not the reafon of it, to fee the
watér running very brifkly of its own accord, as
they imagined, out of the -fhorter leg of a fi-
phen; efpecially that leg being perhaps not a-
bove a quarter fo long as the other. .And
here I muft not omit this confiderable circum-
ftance, that-though fornetimes in the Torricel-
Lian experiment; .t have obfexved. the meércury

.to flapd at thirty inches, and now and then a-
‘bove i, yet the height of the mercury elevated

in eur glafs-cane appeared not, when meafured,
to reach fully 29 inches and a quarter; which I
thought it was not difficult to render a reafon
of, fiom the varying weight of the atmofphere ;.
and accordingly: cqnﬁz]tinfg{;thﬁ barefcope (that.
frood: in another room) I X :

to bo at that time fomewhat light, the quick-

filver in it _being in height but 29 inches and  fi

an eighth, which probably would have been.
the very height of the quick-filver raifed by
the engine, if it had had time by ftanding to
free it felf from bubblés, L

. ¥ ®r oM whence we may conclude, that fiic-

- tion.will elevate liquors. i pumps no higher

than the weight of the atmoiphere is able. to
raife them, fince the clofenefs requifite. i the
pump. of our engine to. be ftaunch makes it ve-

ryunlikely, that by any ordinary pump a more
offedted,

accurae fikionrean le. R

. L have nothing to. add, about: the: related ex..
periment bue this one; that it may aford s a.
notable confirmation of the argument we. for-.
merly. propofed againft them, that afcribed: the.
elevation and fuffentation of the quick-filver
1n the Torricellian experiment to a certain ra-
rified air, which the more highly ix. is rarified,,
the greater powet it acquires to. attrat: quicks-
filver, and other contiguony bodies s for i
our experiment, though by continuing; to pump,
we can.rarify. or diftend more and more the
air in the exhaufting fiphon, yet we were not
able to. raife the mercury shove. thirty. inchss
(which exceeds.not the height, to which the at-
mofphere is able-to.elevate it) and this, though,
the ftagnant mercury being expofed to the free:
air, it cannot be pretended (as in {fome. other
cafes 1t may, though not fatista&torily, be done)
‘that. the mercury. cannot.be raifed. higher; with-
qut offering violence to the body incumbent
an the ftagnant mercury.: for in. the experi-
ment we are confidering, if nature thould raife
the quick filver higher and higher in,the. pipe,
to. tueceed in. the room. of the air thatiis with-
drawn, the, formerly ftagnant mercury, that
would:on, this ageafion. be raifed, might be im-
mediately fucceeded: by the free. and undilated:

air, “fo that' nature would be put to offer vio-

und the atmofphere -

haye done it rather to fatisfy others than my:

lence to the quickfilver only, which if he were
ferapulous to do, what ailed her to raife it (as
fhe did in our trial) againft the inclman{ms_of
{o. ponderous a, body,  to above 2 9 inches
high ? ~
.~ ANNOTATION. . ;

TurovgH the exhaufting fiphon, men-
tioned at the beginning of this experiment, -may
be eafily enough concejved by an attentive in-
fpection of the figure 5 yet becaufe I frequent-
ly. made ufe of it in pneumatical experiments,
it will net be amifs te intimate here ‘once for
all thefe three particulars about it, ;. ‘That
though the bending pipe itfelf may be for
fome ufes more conveniently made of glafs than.
of metal, becaufe the tranfparency of the for-
mer may enable us to difcover what paffes in ity
yet for the moft part we chufe to imploy. pipes
of the latter fort, beeaufe the others are fo yery
fubject to break. 2. That it is convenient to-
make the longer leg of the fiphon a little Jarger
at the bottom than the reft of the pipe ufually
needs to be, that it may: the more comimagli-
oully admit the fhank of a ftop-cock, which
13 to be very carefully inferted with cement ;,
by feafonably tarning and returning of which,
ftop-cock, the paffage (for the air) between,
the engine and the veffel tq be exhaufted is toy
be opened and fhut, 3. That though we
ometimes content. our felves to. apply imme-.
diately the brafs fiphon, itfelf to the engine, by
faftening with cement the external fhank of the.
flop-cock to the orifice of the little pipe,
through which the exfultion of the air is made;,
yet. the bended pipe alone, if it be not almoft,
conflantly held, is fo apt to be loofened by the -
meotion of the engine, and the turning of the
fop-cock, (which frequently occafions leaks,
and difturbs the operation) that for the -moft
part we make ufe of a fiphon, confifting of a

brafs pipe, and ftop-cock, and a glafs of 6, 8, See Plate
ot o-inches.in height,, and offome fuch thape; 111 Fig 2.

(for it.nged not be: the very fame) as th
prefented. in. the figure: for by this meang,
though.the exhauftion is becaufe of thig addi-.
tional. glafh fomewhat langer in making, ye
1t is-more fecurely and unintc:rruptedly carried:
on by reafon of the ftability, which the breadgh
of the lower oyifice of the, glafs gives 10 the
whole infirumept.  Befides which, we have
thefe other conveniences, that not only the fi-
phion is hereby much lengthened, which in di-
Viers. trials is very fic; but alfo, that we may
commodioufly: place in. the- glafly part. of this,
compounded fiphon'a gage, whereby to- dif.
cern from time to time, how much the air is
drawn out of the vefle] to be exhaufted,

at re-.

_EXPERIMENT XIL

About the differing beights,
be elevated by Juttion,

ral [pecifick gravities.

IE. when Iwas making. the foregoing, ex-
; periment, I had been able to procure 3
pipe long enough, I Had tried to
L could raife water by fution,,

whereto- liguors wily
according to their Jewe-

what height,
though I would,
felf, who fcarce doubted, bur that ag water 1s

(ol
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(bulk for bulk) about 14 times lighter than
quick-filver: fo it would have been raifed by
fuction to about four or five and thirty foot,
(which is 14 times as high as we were able to
elevate the quick-filver) and no higher: But
being not furnithed for the trial I would have
made, I thought fit to fubftitute another; which
would carry the former experiment fomewhat
further, For whereas, in that we thewed how
high the atmofphere was able by its whole gra-
vitation to raife quick-filver ; and whereas like-
wife that, which appears in Monfieur Pafchal’s
experiment, is, at what height the whole
weight of the atmofphere can fuftain a cylin-
der of water: by the way, that I thought on,
it would appear (which hath not yet, that I
know of; been thewn) how a part of the pref-
fure of the air would in perpendicular pipes
raife not only the two mentioned liquors, but
others alfo to heights anfwerable to the degree
of preffure, and proportionable to the fpecifick
gravities of the refpective liquors.

T o make this trial the more clear and free
from exceptions, I caufed to be made and in-
ferted to the fhorter leg of the above mentioned
exhaufting fiphon a fhort pipe; which branch-
ed itlelf equally to the right hand and the left,
as the adjoining figure declares. In which con-
trivance [ aimed at thefe two conveniences:
one that I might exhauft two glas-canes at the
fame time 5 and the other, to prevent its being
furmifed, that the engine was not equally ap-
plied to both the glafles to be exhaufted. This
additional brafs-pipe being carefully cemented
into the fucking fiphon, we did to each of its
two branches take care to have well faftened
with the fame cement a cylindrical glafs of a-
bout 42 inches in length (that being fome-
What near the height of our exhaufting fiphon
above the-floor).the lower.orifice of one of thefe
two glaffes being immerfed in a veflel of ftag-
nant mercury, and that of the other in a veflel
of water, where care was taken by thofe I em-
ployed, that as the tubes were chofen near of a
bignefs;5{¥hich yet was not neceffary) fo the
furfacesof the two different liquors fhould be
near of a height. ‘This being done, we began
to pump warily and flowly, till the water in
one of the pipes was elevated to about 42
inches; and then meafuring the height of the
quick-filver in the other pipe above the furface
of the flagnant quick-filver, we found it to be
almoft three inches; fo that the water was a-
bout 14 times as high as the quick-filver. And
to profecute the experiment a little further, we
very warily let in a little air to the exhaufting
fiphon, and had the pleafure to fee the two li-
quors proportionably defcend, till turning the
ftop-cock, when the water wasabout 14 inches
high, we thereby kept them from finking any
lower, till we had meafured the height of the
quick-filver, which we found to be about one
inch.

W e tried alfo the proportion of thefe two
liquors at other heights, but could not eafily
Meafure them fo well as we did at thofe newly

. Imentioned ; and therefore though there feemed

to be fome flight variation, yet we lookedupon
it but as what. might be well imputed to the

Vou. I

difficulty of making fuch experiments exactly;
and this difpleafed me not in thefe trials, that
whereas it was obferved, and fomewhat won-
dered at, that the quick-filver for the moft part
feemed to be fomewhat (though but a very
little) higher then the proportion of 1 to 14
required, Ihad long before by particular trials.
found, that though i4 and 1 be the neareft of
{mall integer numbers, that exprefs the propor-
tion between the fpecifick gravities of quick-
filver and water, yet the former of thofe fluids
(or at leaft that, which I made my trials with)
is not quite fo heavy as this proportion fup-
pofes, though I fhall not here ftay to deter-
mine precifely the difference, having done it
in another tract, where the method I employed
in the inveftigation of it is alfo fet down.

T u e above-mentioned experiment, made
by the help of our engine, as to quick-filver
and water being confirmable by trials (to be by
and by mentioned) made in other liquors, af-
fords our hypothefis two confiderable advan-
tages above the vulgar doétrine of the fchools
(for I do not apply what follows to all the ple-
nifts) who afcribe the' afcenfion of liquors by
fuction to a traftion made o& fugam vacui, as
they are wont to fpeak. o

For firft it is manifeftly agreeable to our
doctrine, that, fince the air, according to it,
is a fluid, that is not void of weight, it thould
raife thofe liquors, that are lighter, as water;
higher then thofe that are ponderous, as quick-
filver 5 and that anfwerably to the difparity of
their weights. And fecondly; there is no rea-
fon, why, if the air be withdrawn by fuction
from quick-filver and water, there fhould be
lefs left a vacuum above the one than above

the other, in cale either of them fucceed not
in the place deferted by the air ; and confe-

quently whenthe air is withdrawn out of both

the forementioned glafs-pipes, if there would
be no vacuum in cafe no liquor thould fucceed
it, why does nature needlefsly to prevent a
vacuum make the water, that is an heavy body,
afcend contrary to its own nature, according
to which it tends towards the center of the
earth? And if the fucceeding of a liquor be
neceflary to prevent a vacuum, how chance
that nature does not elevate the quick-filver as
well as the water ; efpecially fince it is manifeft
by the foregoing experiment, that theis able
to raife that ponderous liquor above 26 inches
higher than fhe did in the experiment we arc
now difcourfing of.

Peruars it would not be amifs to
take notice, on this occafion, that among other
applications of this experiment it may be made
fomewhat ufeful to eflimate the differing gra-
vities of liquors ; to which purpofe I caufed
to be put under the bottom of the foremen-
tioned glafs-pipes two veflels, the one with
frefh water, and the other with the like water
Impregnated with a good proportion of fea-
falt, that I had caufed to be diﬁd"edﬁin it, for
want of {fea-water, which I would rather have
employed. And I found, that when the frefh
water was raifed to about 42.inches, the faline
folution had not fully reached to 40.

‘Bu r though this difference were double
to

:
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to that, which the proportion and graviry be-
twixt our fca-water and freth waccr.woq]d
have required ; yet ro make the difparity
more evident, and allo becaufe 1 wou}d bcﬂ
able the better to guefs at the proportion of
the diffolved fale, by making it as great as I
could, I caufed an unufual brine to be mad.e,
by fuffering feafalt to deliquate in the moilt
air.. And having applied this liquor and freth
water to the two already mentioned pipes, and
proceeded after the former manner, we found,
that when the pure water was elevated to near
42 inches, the liquor of fea-falt wanted about
4 inches and a quarter of that height; and
when the water was made to fubfide to the
middle of its pipe, or thereabouts, the faline
liquor in the other pipe was between 3 and 4
inches lower than it

I would have tried the difference between
thefe liquors and oil, but the coldnefs of the
weather was unfavourable to fuch a trial : but
to {hew a far greater difparity than that would
have done betwixt the height of liquors of un-
equal gravities, I took fair water, and a liquor
made of the falt of pot-athes fuffered to run
in a fellar per deliguium, (this being one of
the pondcroufeft liquors I ever prepared,) and
having proceeded as in the former trials, I
found, that when the common water was about
42 inches high, the newly mentioned folution
wanted fomewhat of 30 inches ; and when the
water was made to fubfide to the middle of its
pipe, or thereabouts, the deliquated liquor was
between 6 and 7 inches lower than it

I had fome thoughts, when I applied my
{felf to make thefe trials, to examine how well
we could by this new way compare the faltnefs
of the waters of feveral feas, and thofe alfo
of falt-fprings; and likewife whether, and (if
any thing near)-how.far. we. might by this me-
thod determine the proportion of the more
fimple liquors, that may be mingled in com-
pounded ones, as in the mixture of water and
wine, vinegar and water, &c. but being not
provided with inftruments fit for fuch nice
trials, and a mifchance having impaired the
glaffes lately mentioned before the laft trials
were quite ended, and having foon after

broken one of them, I laid afide thofe
thoughts,

EXPERIMENT XIIL

About the beights, to which water and mercury
may be raifed, proportionably to their [pecifick
gravities, by the [pring of the air.

N profecution of the parallel formerly be-
I gun, betwixt the effelts of the weight of
the atmofphere, and the fpring of included
air, we thought fit, after the foregoing, to make
the following experiment.

Wz took a ftrong glafs-bottle, capable to
hold above 3 pint of water, and having in the
bottom of it lodged a convenient quantity of
mercury, we poured on it a greater quantity of
water, (becaufe thjg liquor was to be impelled
up many times higher than the other,) and
having provided two {lender glafs-pipes, each
open at both ends, we fo placed and faftenced

them, by means of the cement, wherewith we
choaked the upper part of the neck of the
bottle, that the fhorter of the pipes had its
lower orifice immerfed beneath the furface of
the quick-filver, and the longer pipe reached
not quite fo low as that furface, and fo was
immerfed but in the water, by which contri-
vance we avoided the neceflity of having two
diftinct veflels for our two ftagnant liquors,
which would have been inconvenient in regard
of the flendernefs of the upper part. of our
receiver. ‘This done, we conveyed the bottle
into a fitly fhaped receiver, (formerly defcribed
at the firft experiment,) and having begun to
pump out the air, we took notice to what
heights the quick-filver and water were impel-
led up in their refpective tubes, on which we
had before made marks from inch to inch with
hard wax, (that they might not be removed
by wet or rubbing,) and we obferved, that
when the quick-filver was impelled up to two
inches, the water was raifed to about eight and
twenty ; and when the quick-filver was about
one inch high, the water was about fourteen.
I fay, about, partly becaufe fome allowances
muft be made for the finking of the fuperficies
of the ftagnant quick-filver, and the greater
fubfidence of that of the ftagnant water, by
reafon of the liquorsimpelled into the two pipes;
partly, becaufe that the breadth of the mark of
wax was confiderable, when the quick-filver
was but about an inch high, and fo made it
difficult to difcern the exact height of the me-
tal, when the water was fallen down to four-
teen inches: efpecially in regard, that the quick-
filver never aicending fo high as the neck of
the bottle, (which the water left far beneath
it,) the thicknefs of the receiver, and that of
fo ftrong a bottle, made it difficult to difcern

fo clearly the ftation of the quick-filver as I
could have wifhed.

EXPERIMENT XIV.

About the beights anfwerable to their refpetive
gravities, to which mercury and water will
Jubfide, upon the withdrawing of the fpring
of the air,

OR the further illuftration of the dorine

propofed in the laft, and fome of the
foregoing experiments, about the raifing and
fuftentation of liquors in pipes by the prefiure
of the air ; I thought it not unfit to make the
following trial, though it were eafy to forefee
in this peculiar experiment a peculiar diffi-
culty.

W E caufed then to be conveyed into a fitly
fhaped receiver two pipes of glafs very un-
even in length, but each of them fealed at one
end : the fhorter tube was filled with mercury,
and inverted into a {mall glafs jarr, wherein a
fufficient quantity of that liquor had been be-
fore lodged : the longer pipe was filled with
common water, and inverted into a larger glafs,
wherein likewife a fit proportion of the fame
liquor had been put.

T 1 g~ the receiver being clofely cemented
on to the engine, the air was pumped out for
a pretty while before the mercury began to

fubfide 5
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fubfide ; but when it was fo far withdrawn,
that its preffure was no longer able to keep up
a mercurial cylinder of that height, that liquid
metal began to fink ; the water in the other
tube, though this were three times as long,
ftill retaining its full height. But when the
quick-filver was fallen fo low, as to be but be-
tween three and - four inches above the furface
of the ftagnant quick-filver, the water alfo
began to fubfide, but {ooner than according to
the laws of meer ftaticks it ought to have done,
becaufe many aerial particles emerging from
the body of the water to the upper part of the
glafs, did by their {pring concur with the gra-
vity of the water to deprefs this liquor. And
fo when the quick-filver was three inches above
the ftagnant mercury, the water in the. other
pipe was fallen divers inches beneath 42, and
feveral inches beneath 28, when the mercury
had fubfided an inch lower. But this being no
more than was to be expelted, after we had
caufed the pumping to be a while continued,
to free the water the better from the latitant
air, we let in the external air ; and having there-
by impelled up again both the liquors into their
pipes, and removed the receiver, we took out
thofe pipes, and inverting each of them again
to let out the air, (for even that, which held
the quick-filver had got a fmall bubble,
though inconfiderable in comparifon of the
air that had got up out of the water,) we filled
each of them with a little of the reftagnant
liquor belonging to it; and inverting each tube
once more into its proper liquor, we repeated
the experiment, and found it, as it ieemed,
to require more pumping than before to make
the liquors begin to fubfide ; {o that when the
mercury was fallen to three inches, or two or
one, the water fubfided fo near to the heights
of 42, 28, or 14 inches, that we faw no fuf-
ficient caufe to hinder Us from fuppofing, that
the litele differences, that appeared between the
feveral heights of the quick-filver, and four-
teen times as great heights of the water (which
fell fomewhat lower than its proportion 1n gra-
vity required) proceeded from fome aerial cor-
puicles yet remaining, in fpite of all we had
done, in the water, and by their {pring, though
but faint, when once they had emerged to the
upper part of the glafs, furthering a little the
deprefiion of it: not now to mention leffer
circumftances, particularly, that the furface of
the ftagnant water did not inconfiderably rife
by the acceflion of the water lately in the pipe;
whereby the cylinder of water, raifed above
that furface, became by fo much the thorter.
However your lordthip may, if you think fit,
caufe the experiment to be reiterated, which I
could not {o well do, by reafon of a mifchance
that befel the receiver.

EXPERIMENT XV,
About the greateft beight, to which water can
be vaifed by atiraétion or fucking pumps.

SINC E the making and the writing of
) the foregoing cxperiments, having met
with an opportunity to borrow a place fome-

what convenient to make a trial, to what height -

water may be raifed by pumping; I thought
not fit to negle¢t it.  For though both by the
confideration of our hypothefis, to whole truth
fo many ph®nomena bear witnefs ; and though
particularly by the confequences deduceable
from the three laft recited experiments, I were
kept from doubting what the event would be;
yet I thought it worth while to make the
trial, 4

I know what is faid to have been the com-
plaint of fome pump-makers. But I confefs
the ph@nomenon, it was grounded on, feemed
not to me to be certainly enough delivered by
a writer or two, that mention what they com-
plained of 3 and their obfervation feems, not to
have been made determinately or carefully e-
nough for a matter of this moment. Since
that, which they complain of, feems to have been
in general, that they could not by pumping
raife water to what height they pleale, as the
common opinion of philofophers about nature’s
fuga vacui made them expect they might. And
it may well have happened, that as they endea-
voured only to raife it to the height their oc-
cafions required, fo all that their difappoint-
ment manifefted, was, thatthey could not raife
it to that particular height : which did not de-
termine, whether, if the pump had been a foot
ora yard fhorter, the water would then have
been elevated to the upper part of it or no: but
that which I chiefly confider is, that thefe be-
ing but tradefmen, that did not work accord-
ing to the ditates of, or with defign to fatisfy
a philofophical curiofity, we may juftly fufpect,
that their pumps were not fufficiently ftanch,
nor the operation critically enough performed
and taken notice of.

WHEREFORE, partly becaufe a trial of fuch
moment feemed not to have yet been duly
made by. anys-and partly becaufe the varying
weight of the atmofphere was not (that ap-
pears) known, nor (confequently) taken into
confideration by the ingenious Monfieur Pafcbal
in his famous experiment, which yet is but
analogous to this; and partly, becaufe fome
very late, as well as learned writers, have not
acquiefced in his experiment, but do adhere to
the old do&rine of the fchools, which would
have water raifeable in pumps to any height,
ob fugam wvacui, (as they {peak,) I thought fit
to make the beft fhift I could to make the
trial, of which I now procced to give your
lordfhip an account.

THE place I borrowed for this purpofe
was a flat roof about go foot high from the
ground, and with rails along the edges of
it. The tube we made ufe of fhould have
been of glafs, if we could have procured one
long and ftrong enough. But that being ex-
ceeding difficult, efpecially for me, who was
not near a glafs-houfe, we were fain to caufe a
tin-man to make feveral pipes of above an
inch bore, (for of a great length 1t Was alledg-
ed they could not be made flenderer,) and as
long as he could, of tin orlatten, as they call
thin plates of iron tinned over ; and thefe be-
ing very carefully fodered together made up
one pipe, of about onc or two and thirty foot
long, which being tied to a pole, we tr{eg
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with water whether it was ftanch; and by the
effluxions of that liquor finding where the leaks
were, we caufed them to be ftopped with foder;
and then for greater fecurity, the whole pipe,
efpecially at the commiffures, was diligently
cafed over with our clofe black cement, upon
which plaifter of Paris was ftrewed to keep it
from fticking to their hands or cloaths, that
fhould manage the pipe. At the upper part of
which was very carefully faftened with the
like cement a flrong pipe of glafs, of be-
tween 2 and 3 foot in length, that we might
fee what fhould happen at the top of the water.
And to the upper part of this pipe was (with
cement, and by the means of a thort elbow of
tin) very clofely faftened another pipe of the
fame metal, confifting of two pieces, making
a right angle with one another, whereof the
upper part was parallel to the horizon, and the
other, which was parallel to the glafs-pipe,
reached down to the engine, which was placed
on the flat roof, and was to be with good
cement follicitoufly faftened to the lower end of
this defcending part of the pipe, whofe hori-
zontal leg was fupported by a piece of wood,
nailed to the abovementioned rails; as the
tube alfo was kept from overmuch fhaking by
aboard, faftened to the fame rails, and having
a deep notch cut in it, for the tube to be in-
ferted into.

TH1s apparatus being made, and the whole
tube with its pole eretted along the wall, and
faftened with ftrings and other helps, and the
defcending pipe being carefully cemented on
to the engine, there was placed under the
bottom of the long tube a convenient veffel,
whereinto fo much water was poured, as reached
a great way above the orifice of the pipe, and
one was appointed to ftand by to pour in more

as need thould xequire,. that the veffel might be

ftill kept competently full.

AFTER all this, the pump was fet on work ; °

but when the water had been raifed to a great
height, and confequently had a great preffure
againft the fides of the tube, a fmall leak or
two was cither ‘difcovered or made, which
without moving the tube we caufed to be well
ftopped by one, that was fent up a ladder to
apply ftore of cement where it was requifite.
WHEREFORE, at length we were able, after
a pretty number of exfuctions, to raife the wa-
ter to the middle of the glafs-pipe abovemen-
tioned, but not without great ftore of bubbles,
made by the air formerly concealed in the pores
of the water, and now emerging; which for a
pretty while kept a kind of foam upon the
furface of it, (frefh ones continually fucceeding
thofe that broke.) And finding the engine and
tube as ftanch as could be well expected, I
thought it a fit feafon to try what was the ut-
moft height, to which water could by fuétion be
€levated ; and therefore, though the pump
feemed to have been plied enough already, yet
or further farisfaction, when the water was
within few inches of the top of the glafs, I
caufed 20 exfudtions more to be nimbly made,
to be fure that the water fhould be raifed as
h’gb as by our pump it could be poffibly, And
having taken notice where the furface refted,

and caufed a piece of cement to be ftuck neaf
it, (for we could not then come to reach it ex-
actly,) and defcending to the ground where the
ftagnant water ftood, we caufed a ftring to be
let down, with a weight hanging at the end of
it; which we applied to a mark, that had been
purpofely made at that part of the metalline
tube, which the fuperficies of the ftagnant water
had refted at, when the water was elevated to
its full height : and the other end of the ftring
being, by him that let it down, applied to that
part of the glafs, as near as he could guefs,
where the upper part of the water reached, the
weight was pulled up ; and the length of the
ftring, and confequently the-height of the cy-
linder of water was meafured, which amounted
to 33 foot, and about 6 inches. Which doney
I returned to my lodging, which was not far
off, to look upon the barofcope, to be in-
formed of the prefent weight of the atmofphere,
which I found to be but moderate, the quick-
filver ftanding at 29 inches, and between 2 and
3 eights of an inch. This being taken notice
of, it was not difficult to compare the fuccefs
of the experiment with our hypothefis. For if
we fuppofe the moft received proportion in
bulk between cylinders of quick-filver and of
water of the fame weight, namely that of 1 to
14, the height of the water ought to have
been 34 foot and about 2 inches, which is
about 8 inches greater than we found it. But
then your lordfhip may be pleafed to remem-
ber, that I formerly noted, before ever I made
this experiment, that I did not allow the pro-
portion betwixt mercury and water (at leaft
fuch water as I made my trials with) to be al-
together fo great; and though in ordinary ex-
periments, we may with very little inconve-
nience make ufe of that proportion to avoid
frattions, yet in fo tall a cylinder of water as
ours was, the difference is too confiderable to
be negletted. If therefore, inftead of making
an inch of quick-filver equivalent to 14 inches
of water,. we abate but a quarter of an- inch,
which is but a 56 part of the height of the
water, this abatement being repeated 29 times
and a quarter, will amount to 7 inches, and
above a quarter ; which added to the former
height of the water, namely 33 foot and 6
inches, will make up 34 foot and above an
inch; {o that the difference between the height
of the mercury fuftained by the weight of the
atmofphere in the barofcope, and that of the
water raifed and fuftained by the preffure of
the fame atmofphere in the long tube, did not
appear to differ more than an inch or two from
the proportion they ought to have had, accord-
ing to the difference of their fpecifick gravities,
And though in our experiment the difference
had been greater, provided it exceeded not 8
or 10 inches, it would not have been ftrange ;
partly, becaufe of the difficulty of meafuring
all things fo exadtly in fuch an experiment;

- partly, becaufe as waters are not all of the fame

weight, {o a little difparity of it in fo long a cy-
linder may be confiderable; and partly, and
pethaps chiefly, becaufe the air flying out of
the bubbles, that rofe out of {o great a quantity
of water, and breaking at the top of it, and fo

‘ near
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near that of the tube, might by its fpring;
though but very weak, affifting the weight of
fo much water, fomewhat (though not much)
hinder the utmoft elevation of that liquor. But
our experiment did not make it needful for me
to infift on thefe confiderations ; and the incon-
fiderable difference, that was betwixt the height
of the water we found, and that which might
have been wifhed, did rather countenance,
than at all disfavour the thing to be made out
by our experiment, fince by no pumping we
could raife the water quite {fo high (though I
confefs it wanted but very little) as the weight
of the atmofphere was able to keep up a cy-
linder of mercury proportionable to it in height,
and equivalent in weight: and yet I prefume,
“ your lordfhip will eafily grant, that there was
at leaft as much care ufed in this experiment,
to keep the things imployed about it tight; as
has been wont to be ufed by tradefmen 1n their
pumps, where it is not {o eafy either to prevent

a little infinuation of the air, or to difcern it.

It is not that I am fure, that even all our
care would have kept the water for any long
time at its full height; but that the air was
fufficiently exhaufted for our purpofe, when we

. determined the height of the water, I was in-
duced to conclude by thefe circumftances.

L As well the conftru@ion of the engine,.
as the many formerly related experiments, that
have been fuccefsfully tried with it, thew, that
it is not like it thould be inferior in clofenefs:to:
the great water-pumps, made by ordinary
tradefmen : and particularly the Xlth experi-
ment foregoing manifefts, that by this pump
quick-filver was raifed to as great a height, as
the atmofphere is able to fupport in the Torri-
cellian experiment,.. -

IL. Tre ftanchnefs of the pipe appeared by’

the diminution (as‘to number) of bubbles, that:
appeared at-the.top.of.the.water, and by their-~

fize too for when there was a leak, (though
but fo very {mall, that the water could not get
out at it in the tube) it might ufually be taken
notice of by the attentive ear of him, that ftood
to watch upon the ladder, erefted by the fide:
of thetube ; and the air, that got in,did eafily dif-
cover itfelf to the eye by large bubbles, mani-:
feftly differing from thofe, that came from the
acrial partjcles belonging to the water ; and if
the leak were not fo very fmall, the air that
got in would fuddenly lift up the water above
-it, and perhaps fill with 1t the defcending
ipe. ‘
F II. Tuoucwu there had been fome imper-
ceptible leak, yet that would not have hindred
the fuccefs of the experiment for the main. For
in leaks, that have been but {mall, though ma-
nifeft enough, we have often, by caufing the
pump to be plied lefs nimbly than it now was,
been able to profecute our trials; becaufe the
pump carried off ftill more air than could get
in at a leak that was no greater, :

IV. Anp that little or no intruding air was
left in the upper part of our tube, was evident
by thofe marks, whereby it was eafy for them,
that are well acquainted with the pump, to
eftimate what air is left in the veffel it fhould

exhauft; and particularly towards the end of
Vor. IIL

our operation I obferved, that when the fuckei
was deprefled, there came out of the water,
that covered the pump, fo very few bubbles,
that they might be imputed to the air afforded
by the bubbles, fpringing from the water in
the tube; whereas if any adventitious air had
got into that cylinder of water, it would have
appeared in the water that covered the pump:

V. LasTLy, it were very ftrange, that if
the water was but cafually hindred by fome
leak from afcending any higher, it fhould be
fo eafy to raife it to the very nuthber of feet
that our hypothefis requires, -and yet we fhould
be unable by obftinate pumping:to raife it*one
foot higher. - e o
- N. B. 1. Ag fooh as we hdd ‘made our ek«
periment, and thereby found; that what was
requifite to it was in otder 3 ITent to give no-
tice of it to Dr. Wallis and ‘DL, Wren;: as
perfons, whofe curiofity makes them as well de=:
lighted with fuch trials, as their deep know-'
ledge makes them moft competent judge$ of

them. ' But before they could be found, and -

come, it being grown fomewhat late and windy,
I, that was fiot very well, and'Bad tired myfelf
with going up and'down, could'fiot ftay with®
them o long as I intended, but leaving the feit"
of the repeated experiments to be thewn them’
by 1. M. (who had been very induftrious ifi’
fitting and erefting the tube) they and their
learned friend (whom they brought with them)"
Dr. Millington, told me a'while after; that
they alfo had found the ‘greatéft height, to’
which they could raife the water, to'be 33 foot
and an half, R _

2. WHEN the water began firft to appear
in the glafs, the bubbles would be, as I had
foretold, exceeding numerous, fo as to make:
a froth of near a foot high, if‘the ‘water were.
newly brought; and had neverBéen raifed in the
rubetefore, Bit if the pumping were long
continued, the number and height (or at leaft
one of the two) of the aggregate of bubbles,
would (as there remained fewet-and fewer
aerial particles in the water) be leffer and leffer;
but their emerging did never, thatIremember,
wholly ceafe. o

3. At the beginning alfo there would ap-
pear great vibrations of the water in the upper
part of the tube; the rifing and the falling
amounting fometimes to a foot, or near half a’
yard : but thefe grew lefler and leffer, as thofe
of the quick-filver in the Torricellian experi=
ment ufe to do. '

4. ONE may ufe an ordinary pail to hold
the ftagnant water ; but we rather employed a
veffel of carth, made for another purpofe,
fomewhat flender, and of a cylindrical fhape,
becaufe in a narrow veflel it is more eafy to
guefs by the rifing and falling of the liquor,
how the pump is plied, and to perceive even
{maller leaks.

5. I mult not forget to take notice, that
though the newly named gentlemen came tc me’
(when they had feen the experiment tried)
within lefs than an hour after the time I had
looked upon the barofcope, and obferved the
quick-filver to ftand fomewhat bencath 29

-inches, and three eighths ; yet when prefently
G

upon
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upon their return I confulted the fame inftru-
ment again, the mercury appeared to be fenfi-
Bljr rifen, being fomewhat (though but very
lictle) above nine and twenty inches, and three
eighths ; and five or {ix hours after (atbed-time)
¥ found it to be yet more confiderably rifen.
‘Which may keep your lordthip from wonder-
ing at what I intimated a little above, touching
Monfieur Pajchal’s experiment, as well as touch-
ing the difappoiritment of the pump-makers
endeavowrs. For it .is not only poffible, that
(as I have elfewhere noted) water may be raifed
in the fame pump, though we fuppofe it fitl
equally ftanch, higher at one time than at ano-
ther: butit was contingent, that, in Monfieur
Pafthal’s moble attempt to imitate the Tosri-
tellian experiment with water inftead of quick-
filver, the proportion betwixt the heights of

~ thofe two liquors in their refpective tubes an

{wered fo well to their fpecifick gravities. For,
the varying weight of the atmofphere being
not then, that appears, knowp, or confequently
taken into confideration; if Monfieur Pafchal
haying tried the Torricellian experiment, when
the air was for inftance very heavy, had tried
his own experiment, when the atmofphere had
been as light as 1 have often enough obferved.
it to be, he might have found his cylinder of
water to have been half a yard or two foot thor-
ter than the formerly meafured height of the
quick-filver would have required.

I have now no more to add about this fif-
teenth experiment, but that it may ferve for a
fuff'gient confirmation of what I note in another
treatife, againft thofe hydraulical and pneuma-
tical writers; who pretend to teach ‘ways of
making water pafs by inflefted pipes, and by
the help of fuction, from one fide of a moun-
tain to the other, be the mountain never fo

~ high. For, if the water be to afcend as it

wete {ponsancoully..aboye 35 or 36 foot, a
fucking pump will not ordinarily, at leaft here
in England, be able to raife ir. o

AN D now I fpeak of mountains, it wilknot
be altogether impertinent to add, thatif it had
not been for unfeafonable weather, 1 had
thought fit to make the foregoing eleventh
experiment (of elevating mercury by fuction)
to be tried at the top of an hill, not far from
the place I then wasat, Forby what has been
already delivered, it appears, that we might
have eftimated the height, to which the wa-
ter may be there elevated by fution, without
repeating the experiment with a thirty five
foot tube, (which we could not hope for con-
veniency to do)by the utmoft height, to which
our engine could have raifed mercury: and it
may be of fome ufe to be able from experi-
ments to make fome eftimate (for it can fcarce
be an accurate one) how much it may be ex-
pected, that pumps thall (ceteris paribus) lofe
of their power of elevating water by fution,
b{ being employed at the top of an hill, inftead
of being o at the bottom, or on a plain. Re-
membering, always what [ lately intimated, that
€ven in the fyme place liquors will be brought
to afcend by fuction to a greater or lefs height

* Innotesabout the hiftory of elafticity.

at one time than another, according to the va-
rying gravity of the atmofphere.

EXPERIMENT XVIL

About the bending of a fpringy body in the exs
baufted receiver.

HE caufe of the motion of reftitution in
K. Dodies, and confequently of that, which
makes fome of them fpringy, which far the
greater part of them are not, has been inge~
nioufly attempted by fome modem corpufcula-
rians, and efpecially Cartefians. But fince di-
vers learned and judicious men do ftill look up-
on the caufe of elafticity, as a thing, that needs
to be yet farther enquired into; and becaufe I
am not myfelf {o well fatisfied as to blame their
curiofity, I held it not unfit to examine by the
help of our engine their conjefture, who irha<
gine, that the air may have a great firoke in the
making of bodies {pringy; and this I the ra-
ther did, becaufe 1 had * elfewhere {hewn,
that there is no need to affert, that in all bo-
dies, that haveit, the elaftical power flows im-
mediately from the form, but that in divers of
them it depends upon the mechanical fruGtuge
of the body. 3 -

To make fome trial therefore, whether the.
atr have any great intereft in the motion of re-
ftitution, we took a piece of whalebone of g
convenient bignefs and length ; and having fa-
tened one end of it in a hole made in a thick
and heavy trencher, to be placed on the plate
of the engine, we tied to the other end a
weight, whereby the whalebone was moderate-
ly bent, the weight reaching down {o near to a
body placed in a level pofition under it; that
if the {pring were but  little weakened, the
weight muft either lean upon, or at leaft touch
the horizontal plain : or if on the other fide
the fpring fhould grow fenfibly ftronger, it
might be eafily perceived by the diftance of the’
weight, which was {0 near the plain, thata
little increafe of it muft be vifible,

T is done, weconveyed thefe thingsinto
the receiver, and ordered thofe that pumped to
fhake it as little as they could, that the weight
might not knock againft the body that lay un-
der it, or fo fhake it, as to hinder us from
difcerning, whether or no it were depreffed by
the bare withdrawing of the air,

AND when the air had been well pumped
out, I watched attentively, whether any nota-
ble change in the diftance of the weight from
the almoft contiguous plain would be produced
upon its being letin again: for the weight was
then at reft, and the returning air flowing in
much more fpeedily than it could before be
drawn out, I thought this the likelieft time to
difcover, whether the abfence of the air had fen-
fibly altered the fpring of the whalebone, But
though the experiment were made more than
once, I could fatisfy myfelf only in this, that
the depreffion or elevation of the weight, that
was due to the true and meer change of the
{pring, was not very confiderable, fince I did
not think my felf fure, that I perceived any at

alls
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all: for though it be true, that fometimes,
when the receiver was well exhaufted, the
weight feemed to be a little depreffed, yet that

I thought was very little, if any thing more

than what might be afcribed to the abfence of
the air, not confidered asa body, that had any
thing to do direttly with the fpring, but as a
body, that had fome (though but a little)
weight 3 upon which account 1t made the me-
.dium, wherein the experiment was tried, con-
tribute to fupport the weight, that bent the
fpring ; which weight, when the air was ab-
fent, muft (being now in a lighter medium)
have its gravitation increafed by as much
weight, as a quantity of the exhaufted air,
equal to it in bulk, could amount to. But this
experiment being tried only with whalebone,
and in a receiver not very great, may defetve
to be further tried in taller glaffes, with fprings
of other kinds, and by the motions of a watch,
and other more artificial contrivances.
EXPERIMENT XVIL -
About the making of mercurial, and other gages,
whereby to eftimate bow the receiver is éx-
. baufted, ' -
B ECAUSE the air being invifible, it i
not always eafy to know, whether it be
fufficiently pumped out of  the receiver that
was to be exhaufted ; we thought it would be
Very convenient to have fome inftrument with-
in the receiver, that might ferve for a gage, or
ftandard, whereby to judge ‘whether of no it
were fufficiently exhaufted. '
To this purpofe divers expedients were
thought on, and fome of them put 1n practice ;
which, though not equally commodious, may
yet all of them be ufefully imployed, one on
this occafion, and another on that, * ,‘
Tue firlt (if I mifremember not) that I

propofed; was-a-bladder, (which may be greater-

or lefs, according to the fize of the Veffel it is
to ferve for) to be very ftrongly tied at the
neck, after having had only fo much air left in
the folds of it, as may ferve to blow up the
bladder to its full dimenfions, when the receiver
is very well exhaufted, and not before. But
though your lordthip will hereafter find; that I
yet make ufe of fmall bladders on certaim occa-
fions, in which they are peculiarly convenient,
yet in many cafes they do, when the glaffes
are well exhaufted, take up too much room in
them, and hinder the objeés, included in the
feceiver, from beihg obferved from all the
- fidesofit. | :

AvotHER fort of gage was made with
quick-filver, poured into a very fhort pipe,
which was afterwards inverted into a little glafs
of ftagnant quick-filver, according to the man-
ner of the Torricellian experiment, For this
pipe being but a very few inches long, the
mercury in it would not begin to defcend, till
& very great proportion of air was pumped out
of the receiver; becaufe till then the {pting of
the remaining air would be ftrong enough to
be able to keep up fo fhort 4 cylinder of mercu-
ry. And this kind of gage is no bad one. But
becaufe, to omit fome other little inconve-
niences, it cannot eafily be fufpended, (which
’ X

in divers experiments *tis fit ‘the: gagé 'thould
be) and the mercary in it is apt to be! Eééjfﬁ@c"ﬁ‘
fhaken by the motion of - the engime, théte Wit
another kind of gagé: by fome Ingeniqus rhan’
(whoever he were) fubffituted in its place; .Ton™
fitting of a kind of fiphon, whofe fHortet leg
hath belonging to it "2’ lrge bubble “of glalt;
moft commonly made ofe of at an iHuftriois
meeting of Virtuofi ; where your lordfhip has
ving feen it, T fhall not need to defctibe it
more particularly. o

Bu T none of the gages I had fortterly ifed,
nor even this laft, having the convenienices; that
fome of my experiments require ; I Wwas fain
to devifc atiother, which is that I moft make'
ufe of, ‘as having advantages, fome or othér of
which each of the gagts already mentioned
wants 3 for even that with {pirit of wine; ot tor
mention leffer difadvantages, hath' a bubble too
great to let it be ufeful in veffels 1 flender, as
?;r fome purptfes I divers fimes employ’; and:
this fhort ¢ylinder of fo light a liquor as fpirit of
wine makés the fubfidenée of the liquor bé¢ ‘fi_xf
deed a good fign,. that the receiver is well ex-
hauvfted, But, gives us not' an actount what
quantity of alr may be in the feeeiver, %ill it be
arrived at that great meafure of rarefaction’s and
the fame liquor, being upon a Very fmall leak
(fuch as would not be prejudicial to fiany ‘ex:
periments) impelled up to the top of fh¢' g‘{gifi
we cannot afterwards by, this inftrumefit ta: <
any medftire‘of the air, that gets in at the ]eak
But now there ate divers  experiments, wher¢’ i
defire to fee the phaernomena that will Huppen,
not only (or pethaps not ac all) upor thie wreers:
moft exhauftion of the air, but when the pref:
fure of it is withdrawn to fuch or fuch a- mea-
fure, and alfo ‘when the air is gradually re2

admittcd. : :

To make the gage we are fpeakifis of, take g plute
.a~very-flender-and-cylindrical pipe of

fix, eight, ten, or more inches  in length, and
not {o big as a goofe-quill (but fuch as we em=
ploy for the ftems of fealed weather-glaffes ;) and
having at the flame of & lamp mielted it; but
not too near the middle, to make of it by bend-
ing it:a'ﬁthn',; whofe two legs ate to be not
only parallel to one another; but as little dif-
tant any where from one another as €onvenient-
ly may be. Inone (which is ufually the longer)
of thefe legs, there is to be left at the top;
either half an inch, or a whole inch, or more,
or lefs than either (according to the length cf
the gage, or the fcope of the experimenter) of
air in its tatiral ftate; neither rarified; nor
condenfed ; the reft of the longer legy and as
great a part of the fhorter as fhall be thought
fit; being to be filled with quick-filver. This
done, there may be marks placed at the outfidé
of the longer; or fealed, leg; whereby to mea<
fure the expanflon of the air included in thé
fame leg ; and thefe marks may be either little
glafs knubs, about the bignefs of pins heads,
faftened by the help of a lamp at certam di-
ftances to the longer leg of the fiphon, or elfe
the divifions of an inch miade on a lift of paper,
and paftted oneither to the fiphon it felf, or to
the flender frame, which on {fome occafions we
faften the gage tox '

' THis
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- Trig inftrument being conveyed into a
réééiiég {which for expedition fake we.chufe as
fiiall as will ferve the tn) the air is to, be ve-
ry diligently pumped, oit, and then notice is
to, g taken, to what part of the gage the mer-
cury is deprefled;, that We may know, when we
fhall afterwards fee the, mercury driven. o far,
that:the receiver, the gage is placed in, 1s well
exhaufted. And if it be much défired to know
rﬁé}ééé&?;;i&;itely';(for;6xjé:'mhy‘ arrive pretty near
the truth by guefs) what frations of the mercu-
ry in the gage are anfwerable . to the degrees of
the rarefaction of the dir in the receiver ; that.
may be. compaffed cicher by calculation (which
is'not fo eafy, and. fuppofes fome hypothefes)
or, though not without fome trouble, by let-
ting in the water 4s often as is necefary, into a
receiver, whofe intirg capacity is firft meafured,,
and in which theré may be marks made t0 thew,,
when the water to'be et in’ fhall; fill a' fourth
part,” 6t " half, or three quarters, &c. of the
cavity ; For if (for inftance) when. the quick-
filver in_ the gage™is deprefied to fuch a
‘mark;, you let in’ the water, . and_that li-
quior. appears to fill 2’ fourth part, of the. re;
ceiver, .you may conclude,. that'about a fourth
part of the air ‘was” pump’d ‘out,-'or, that a
%ﬁﬁh‘ part of the_fpiing, that the, whole in-
clided’ air had, ‘wis ilpig by the, exhauttion,
when the quick-filver in' the ‘gage was at the
mark' above , mefitioned: And “if the admit-
ted  water do confiderably either _fall fhort
of, or exceed the guantity you expected, you
may the next Jfime let in the water either after
the micreury has 2 little paffed the former mark,
or 2 liggle before it js arrived at it, - And when
once you have 'this“way obtained one pretty
Jong and accurate gage, you will :not need to
take fo much pains to ‘make others, fince you
may divide them by the help of-that “one; for
this ,bgigg‘plggi;jgl{ Wwith any other. in a fmall re-
gerver, When the'metetityin'the fandard-gage
(f Imay ©6 call it) is depreficd to any o the
determinate divifions. cbtained by-obfervation,
you may thence concludeé, how.much the air in
the receiver is rarified, and confequently by
taking riotice-of “the place, where the mercury
refts in the other gage, you may -determine
what degree of cxha_uﬁion In a receiver is de-
noted by that fafion of the mercury-in this
gage.. .. o

Peruars I need not tell yourklo,rd{hip, that
the ‘ground of " this ‘contrivance” was, that
whereas In divers other gages, when ‘the pump
came to be obftinately plied, the expanfion of
the included air would be fo great, that it would
either drive out the liquor, efpecially if it were
light, or in part make an efcape through it ; I
judged, thatin fuch an inftrumerit, ds that new-
ly defcribed, thofe inconveniencies would be
avoided, becaufe-that the more the air thould
come to be dilated, ‘the greater weight of
quick-filver it would in the fhorter leg have to
raife, which would fufficiently hinder it from
making tha¢ heavy liquor run over; and the
fame” ponderoufiefs of the ligiot, * together
with the flendernefs of the pipe, would like-

wife hinder the. included air from getting
through in bubbles; -

. obfervation, in_ contirrence wi

N.B. 1. For:moft experiments, where exad
meafures are not required, it will not be fo pe-
ceffary to mark the gage at any other ftation of
the quick-filver than that, which it is brought
to by. the exhauftion of the receiver ;5 for by
that alone we may know, when the air is well
pumped out of the recciver, wherein the gage
15 included : and when one is a little ufed to
fome particular gage, one may by the fubfi-
dence of the mercury guefs ac the degree of
the air’s rarefaction, fo near as may ferve the
turn in fuch experiments. But when this in-
{trument s to be ufed about nice trials, where
it may be thought requifite to have it divided
according to one ‘of the ways formerly pro-
pofed, it will on.divers  occafions be more fe-,
cure (in,cafe the.maker of the gage has 1kill to
do it) to put to the divifions rather by litte.
koubs- of glafs, than by paper; becaufe this
willon fuch occafions be in anger- cither to,be
rubbed off, or wetted, . And if glafs-marks be.
ufed, it will be convenient, that every fifth, or
tenth, or fuch ordinal number as thall be
judged-fit, be made of; glafs of .a’diffefing cga.
lour, for. diftinGion: fake, and:.the more eafy
reckoning. We fometimes for a need apply,
inftead .of -thefe, g]a{fs;lcnllbs,-,;littlg smarks of
hard fealing wa%,’ which will not be injured by
moifture, as'thofe’ papers will, that .are, pafted.
on: but thefe .of, wax, though in many cafes.
ufeful, are not comparable to the other in all;

1], ot , : 1 all;
fince if they be “very fmally they - are eafily-
rubbed off, and " if large, they ‘make not the

divifion exact enough, and often-hid
place of the quick-filver, %
" 2. Ifhall here about the merciuilfial géigés add.
only this hint, that what I propofed to myfelf
in that contrivance ‘was not only to eftimate,
the air pumped out of the receiver, or that re-
maining in it ; but alfo, by the help of thig
inftrument (as elfewhere by another experi-
ment) to meaflue (fomewhat near) the firength:
of the It of ratehed air, ‘according 1o s
feveral degrees 'of rarefaction; ' and by ' this
th.other things,
to what I have
ed to eftimate,

e the true

I hoped we might (according

elfewhere infinuated)  be affift
by the cylinder of .mercury raifed in the open:
leg, the expanfion. of the ajr Jncluded in the
fealed leg : but of thefe things .1 efigned in
this place to give bur an intimation,” .

" 3.THAT leg of the gage, that includes
the air, may be fealed up either at the begin-
ning, before the Pipe be bent into a fiphon,
or (which is mitich better) after the following;
manner,  Before you bend the pipe, draw
out the end of it, which you mean to feal, to
a fhort ‘and very flender thread 3 then hav-
ing made the pipe a fiphon, pour into the
leg, which is to ternain open,- as much quick-

filver as you fhall judge convenient, which will
e other leg ; out

rife to an equal height in th
of which by gently inclining the fiphon, you

‘may pour out the fuperfluous mercury,  (if

there be any,) and when you fee, that there is
an inch, or half an inch (or what part you de-
figned to leave for air) unfilled with mercury,
next to the end that is to be clofed ; and thae
the reft of that leg, and as much (as you think

fit)
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fit) of the other is full of quick-filver, you
may, by keeping the fiphon in the fame pofture,
and warily applying the flender apex above-
" mentioned to the upper part of the flame of a
lamp, blown horizontal, eafily feal up that

apex without cracking, or prejudicing the open -

leg, or confiderably injuring the air hole, that
was to be fealed up in the other. And this
fealing of one leg muft (as it is.evident) keep
the mercury fufpended n it, “though it be
higher by divers inches than that in the open
leg, till the withdrawing of the external air
enable the included, by expanding itfelf, to.de-
prefs the mercury in the fealed leg, and raife
it in the open. _ '

4. How the lehgth of thefe mercurial
gages is to be varied, according to the bignefs
and fhape of the flender receivers they are to
be employed in 3 and how they may eafily be
made either to.ftand uptight at the bottom of
the receiver, oribe kept hanging in the mid-
dle, or near the top of it: (as occafion may re-
quire;) and how the open end may be made
to fecure the mercury, in cafes where that is
needful, belongs not fo properly to this treatife,
as to the fecond part of the Continuation 4
where, if-ever I trouble your lordthip with it,
the ufefulnefs .of this fort of gages, and the
circumftances, that may advantage them, will
beft appear.. o ‘

5. THERE being fome experiments, wherex
in it is not defired, that the receiver fhéuld be
near exhaufted, but rather that the degrees of
the air’s rarefaction, which ought not to be
very great, thould be well meafured 5 we may
in fuch cafes make ufe of gages fhaped like
thofe hitherto defcribed, but made as long as
the receiver will well admit, and furnifhed n-
ftead of quick-filver either with {pirit of wine
coloured with cocheneal, or elfe with the ‘tine-
ture of red rofe-leaves, drawn only with com-
mon water, made tharp by a little cither of
the oil, or fpirit of vitriol,” or of common falt,
For the lightnefs of thefe liquors in compari-
fon of quick-filver will allow the expanfions of
the air included in the gage to be very mani-
feft, and notable enough, though not half, or
perhaps a quarter of the air be pumped out of
the recever. ' '

6. You may alfo in fuch cafes as thefe,
where the receiver is large enough, and is not
'to be quite exhaufted, make ufe of a mercurial
gage, differing from thofe above defcribed on-
ly in this, that the fhorter leg need not to be
above an inch, or half an inch long, before it
expand itfelf into a ‘bubble of about half an
inch, or an inch in diameter, and having at
the upper part a very fhort and {lender unfealed
pipe, atwhich the air may get inand out : by
which contrivance you may have this convent-
ence, that you: need notinclude {fo much air, as
otherwife would be requifite, at the top of the
longer leg, becaufe the mercury in the fhorter
cannot, by reafon of the breadth of the bub-
ble, whereinto the expanfion of the air drives
it, be confiderably raifed : upon which account
it becomes niore eafy to eftimate by the cye
the degrees of the included air’s rarefaction,

which may be done almoft as eafily, as if there
Vor. HL

were-water inftead of mercury , provided it he
remembered, that quick-filver, by rcafon .of
its ponderoufnefs, does far more adift the dilas
tation of the air, than-f much water would
do: o o -

EXPERIMENT XVl

About an-eafy way to make the prefire of i
air fenfible to the touch of ‘ibvfe thit doubi
of it.

rYYHOUGH feveral of our experiments
- X fufficiently manifett to the flalful, that
the preflure of the air is very confiderabie’s
yet becaufe fome :of them reyuire peculiar
glaffes; and other inftruments, which are not
always at hand, and becduft there are many
that think it furer to eftimate the force of pref=
fure by what they immediately fecl; than by any
other way 3 I was invited for the fake of fuch
to employ an eafy expetiment, which vfually
proved convincing, becaufe it operated on that
fenfe, whereon they chiefly relied:

I caufed then to be made a hollow (but
ftrong) piecé of brafs, not dbove twa or three
inches high, (that it might be in a trice ex-
haufted,) and open at both ends, whofc ori-
fices were circular and parallel, but not ecual;
(the inftrument being made tapering, {0 chat
it might be reprefented by ah .ekcavated corus
truncatns, or a gigg, with the lower part cut
tranfverfly off.) 'This piece of brafs being ce-
mented oy as if it were a fmall receiver to the
engine, the petfon, that would not betieve the
preflure of the air to be near fo confiderable as
was reprefented, was bidden to lay the palm
of his hand upon the upper orifice 5 and being
ordered to lean a little upon it, .that {0 the
lower part- of his hand mighg prove a clofe co-

ver to.the crifice, one exfuttion of the air was

made by the help of the pump : and then upon
the withdrawing of the greateft part of the prefs
fure of the internal air, that before counter-
ballanced that of the external, the hand béing
left alone to fupport the weight of the ambient
air, would be prefled inwards fo forceably, that

though the ftronger fort of men were able.

(though not. without much ado) to take off
their hands, yet the weaker fort of triers could
not do it, efpecially if by a fecond fuck the
little receiver were better exhaufted, but were
fain to flay for the return of the air into there-
cewver to affitt them. . co
Tr1s experiment being defigned rather to
convinge than to punifh thofe that were to
make it, we took care, not only that the brafs
fhould be o thick, and the orifices fo {mooth,
that no fharpnefs nor .roughnefs of the metal
fhould offend the hand; but alfo that the nar-
rower orifice (which was the oftneft made ufe
of) fhould be but about an inch and a quarter
in diameter. But if any were defirous of a
more fenfible conviftion, it was very cafy to
give it hiny by making the larger orifice the
uppermoft, which was the reafon why the in-
ftrument was, aswe formerly noted, made ta=
pering,  But yet this larger orifice ought not to
exceed two inches, or two inches and a halfin
widenefs, leaft the great weight of the air en-
' : danger

25
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danger the breaking or confiderably hurting the
hand of the experimenter. Which caution I
am put in mind of giving, by remembering
that I once much endangered my own hand,
through the miftake of him that managed ~the
pump, who unawares to me fet it on work,
when, for another purpofe, I had laid my
hand upon the orifice of an inftrument of too
great a diameter.

The famous experiment of Torricellius, men-
tioned in the 171h of our already publifbed trials,
is of that noblenefs and importance, that though
divers learned men bave (but upon very differing
principles) difcourfed of it in print, which gives
me the lefs mind to infift long upon it bere, yet I
Jball not feruple to fubjoin fome notes concerning
trials that I made, (though for want of oppor-
tunity I could not repeat them according to my
cuftom,) which I bad not met with in others,
and which may ferve to confirm the bypotbefis
made ufe of in this Continuation, and the trea-
tife it belongs to.

EXPERIMENT XIX.

About the [ubfidence of mercury in the tube of
_the Torricellian experiment to the level of the
Sfragnant mercury. -

BAROSCOPE being included in a re-
..LA ceiver, made of a longbolt head with the
lower part of the ball cut circularly off, upon
the firft exfuction of the air, the quick-filver
that before ftood at 29 inches, (the atmofphere
appearing then by a conftant barofcope very
light,) would fall fo low as to reft at ¢ or 10
inches, (for once I meafured the fubfidence bes
neath its former elevation,) and in about three
fucks more it would be brought quite down to
the level of the ftagnant quick-filver, and
fomewhat belﬁmtmis ~the- property of
quick-filver, quite contrary to water, to rife
lefs in a flender pipe than in a wide.) The
air being let into the receiver, the quick-filver
would be impelled up flowlier or fafter, as we
pleafed, to the former height of 29 inches,
or thereahouts,

N.B. 1. Tuar if the air were fuffered to
2o haftily out of the receiver, the mercury
would, by virtue of the accelerated motion
acquired 1n its defcent, at the very firft fuck
defcend, till it reached within an inch or two
of the ftagnant mercury, though it would
prefently after a few rifings and fallings fettle
at the height of g or 10 inches, till the next
fuck brought it down lower.

2. Ir when the mercury was reimpelled
up to its due height, thofe that managed the
pump did, inftead of rarefying the air, a little
comprefs it, the quick-filver would by the
comprefled air be eafily made to rife an inch
or more above the former ftandard of 29 in-
ches. Which circumftance I mention, not as
a new thing, but to confirm (what fome think
ftrange) a paffage printed, in New Experi-
ments, Exper, XVII, where I mention, that if
the air in the receiver, inftead of being rare-
fyed in the engine, were a little comprefied by

ity the preffure of the included air, being forie-
what increafed by having its {pring thus bent,
would fuftain the mercury in the Torricellian
tube at a greater than the wonted height.

AnD to confirm another paffage in the
fame page, where I obferved, that if the pref=
fure of the air upon the ftagnant mercury be
not {o great as it is wont to be, the mercury
will begin to fubfide in a (filled and inverted)
tube, which wants of the ufual height; we
took a glafs cane, (fealed at one end,) much
fhorter than the due length, and having filled
it with mercury, and inverted it into a glafs
full of ftagnant mercury, we placed all in the
former receiver ; where the mercurial cylinder,
for want of the requifite height, remained to-
tally fufpended, but upon the firft or fecond
fuck it would fubfide, and in two or three
fucks more it would fall to the level of the
ftagnant mercury, or a little below it. Upon
the letting in of the air it would be impelled
to the very top of the tube, bating an acrial
bubble, which feemed to come from the ‘mer-
cury itfelf, and was fo little, as not to be
at all difcernable, fave to a -very attentive
eye. , : :

Tri1s experiment I fhould hot think: fit
here to relate, fince I formerly acquainted your
lordfhip with the fubfidence of the mercury
upon the withdrawing of the air from the re-
ceiver ; were it not, that, in the mention of that
trial, I remember I confeffed to you, that I
could not fo free the great receiver I then ufed
from air, but that the little, that remained or
leaked in, made me unable to bring the mer-
cuty in the tube totally to fubfide, or fall much
nearer than within an inch of the. furface of
the ftagnant mercury, with which in our pre-
fent trials that in the tube was brought to a
level.

CCEXPERIMENT XX
Shewing that in tubes open at both ends, when
no fuga vacui can be presended, the weight of

waler will raife quickfilver no bigher in flen-
der than in large pipes,

ECAUSE 1 find it, even by learned

and very late writers, urged as a clearand
cogent argument againft thofe, that afcribe the
phanomena of the Torricellian experiment to
the weight of the external air; that it is im-
poffible, that the air, though it were granted
to be a heavy body, could fuftain the quick-
filver at the fame height in tubes of very dif-
fering bignefs, fince the fame air cannot equal-
ly counterpoife mercurial cylinders of fuch un-
equal weights: and becaufe this objection is
wont very much to puzzle thofe, that are not

Fxperis
ment

XVIL,

well acquainted with the hydroftaticks, I pre-

fume your lordfhip will allow me, till I can

fhew you fome hydroftatical papers, by which

the objection may appear to be but iil ground-
ed upon the true theorems of that art, to an-
nex the tranfcripts of a couple of experiments,
(that I once made to remove this, fuppofedly
infuperable, difficulty,) juft as I find them pe-
giftered in my note-books,

The
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WE took a very large glafs-tube, hermeti:
tally fealed at one end, and about two foot and
a half in length, Into this we poured quick-
filverto the height of three or four fingers. Then
we took a couple of cylindrical pipes of very
unequal fizes, the wider being as big again as
the {lenderer, and open at both ends. ‘The
lower ends of thefe two pipes we thruft into
the quick-filver, and faftened them near their
upper ends to the tube with ftrings, that they
might not be lifted up, nor moved out of their
pofture, in which the convex furface of the
mercury in both the pipes feemed to lie almoft
in a level, the tube alfo itfelf being placed up-
right in a frame. This done, by the help of
a funnel we poured in water by degrees at the
top o_f the tube, and obferved, that as the water
gravitated more and more upon thé ftagnant
mercury, fo the included mercury rofe equally
in both the pipes, until the tube being almoft
filled with water, the mercury appeared to be
impelled up to, and fuftained at as great a
height in the big tube, as in the leffer, being
in either raifed about two inches above the
furface of the ftagnant quick-filver.

N.B. 1. Havine caufed about half the
water (having no conveniency to withdraw any
more) in the tube to be fucked out at the top,
we obferved the quick-filver in both the tubes
to fubfide uniformly, and to re-afcend alike
upon the re-affufion of the water.

2. WE endeavoured to try the experiment
(for their fake, who have not the conveniency
to have fuch tubes purpofely made) in a wooden
veflel, into which, when it was filled with wa-
ter, we let down a flat glafs furnithed with
ftagnant mercury, whereinto,the ends of the
two pipes were immerfed. But the opacouf-

nefs of the cylinder (which reduced us to fee
only from the top the refle€tion of the ftagnant

mercury,) and other impediments, difabled us
to perceive the motions and ftations of the mer-
cury in the pipes, though we once made ufe of
a candle the better to difcern them.
The Seconp TryaL.

- 'WEe took a very wide tube of glafs, of about
a foot long, and into it poured a convenient
quantity of quick-filver. We took alfo two
pipes of about equal length, and of that difpa-
rity in bignefs, that we newly mientioned, (thofe
pipes lately defcribed, being indeed cut off
from thefe we are now to {peak of,) and thefe
being filled with quick-filver, after the man-
ner of the Torricellian experiment, were by
a certain contrivance let down into the tube,
and unftopped under the furface of the flag-
nant mercury, and then the quick-filver: in
the pipes falling down to its wonted ftation,
and refting there, we poured into the tube
about a foot height (by guefs) of water, where-
upon the quick filver, as it before ftood, as it
were, in a level in both the pipes, fo it was,
for ought appeared to us, equally impelled up
beyond its wonted ftation, and fuftained there,
both in the flender and in the bigger pipe, and
upon the withdrawing of fome of the water, it
began to fubfide alike, as to fenfe, in them
both, falling no lower in the bigger than in the

flenderer. And water being a fecond time
poured down into the tube, the mercuty did
in both pipes rife uniformly as before. By
which, and the former experiment, it fuffici-
ently appeared, that a gravitating liquor, as
air or water, may impel, or keep up mercury
to the fame height in tubes, that are of very
differing capacities ; and that liquors ballance
each other according to their altitude, and not
barely according to their weight. For in this
laft experiment, the additional cylinder of one
inch of mercury, was manifeftly raifed and
kept up, by the water incumbent on the ftag-
nant mercury, the other caufe, whatever 1t
were, of the mercury’s fufpenfion, being able
to fuftain bt a cylinder fhorter by an inch.
And the fame parcel of water did counterpoife
in the differing pipes two mercurial cylinders,
which though but of the fame altitude, (namely
about an inch) were of very unequal weight.

EXPERIMENT XXL-
Of the heights, at which pure mercury, and mer-

cury amalgamed with tin, will frand in ba-
Tometers.

F~ONSIDERING with myfelf, that if the
fuftentation of the quick-filver in the Tor-
ricellian experiment at a certain height de-
pends upon the zquilibrium, which a liquor of
that fpecifick gravity does at fuch a height at-
tain to with the external air; if that pectliar
and determinate gravity of the quick-filver be
altered, the height of it, requifite to an zquili-
brium with the atmofphere, muft be altered
too : confidering this, I fay, I thought it might
fomewhat confirh the hypothefis hitherto made
ufe of, if a phenomenon fo agreeable to it
were actually exhibited. This I fuppofed per-
formable two differing ways, namely by mix=
ing; or-as~chymifts fpeak, amalgamating mer-
cury either with gold, to make it 2 mixture
more heavy, or with fome other metal, that
might make it more light than mercury alone
is. But the former of thofe two ways I for-
bore to profecute, being where I then was un-
furnithed with a fufficient quantity of refined
gold, for that which is coined is generally al:
layed with filver, or copper, or both; and
therefore amalgamating mercury with a conve-
nient proportion of pure tin, or, as the tradef-
men call it, block-tin, that the mixture might
not be too thick to be readily poured out into a
glafs-tube, and to {ubfide in it, we filled with
this amalgam a cylindrical pipe, fealed at one
end, and of a fit length, and then inverted it
into a little glafs furnithed with the like mix-
ture. Of which tryal the event was, that the
amalgam did not fall down to 29, nor even to
30 inches, but ftopped at 31 above the furface
of the ftagnant mixture. ;
N.B. 1. TuaT though one may expect,
that the event of the experiment would be the
more confiderable, the greater the quantity is,
that is mingled of the light metal, yet care muft
be taken, that the amalgam be not made too
thick, left part of it ftick here and there (as
we did to our trouble find it apt to do) to the
infide of the pipe, by which means fome aerial
corpufcles
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corpufcles will meet with fuch convenient re-
ceptacles, as to make it very difficult, if not
almoft impofiible, to free the tube quite from.

;amz. It may perhaps be worth while to try,

whether by comparing the height of the amal-

gam, to what it ought to be upon the feore of
the fpecifick gravities of the mercury, ar}d the
tin, mingled in a known proportion in the
amalgam, any difcovery may be made, whether
thofe two metals do penetrate one another after
fuch a manner (for there is no ftri€t penetration
of dimenfions among bodies) as copper and
tin have, as I elfewhere note, been by fome
chemifts obferved to do, when being melted
down together, they make up a more clofe and
fpeciﬁcal%y ponderous body, than their refpec-
tive weights feemed to require. )
3. Tuart by comparing this 21ft experi-
ment with the 18th of thofe formerly pub-
lithed, it may appear, that the height of the
liquor, fufpended 'in the "Torricellian experi-
ment, depends {o much upon its equilibrium’
with the outward air, that it may be varied by
a change of gravity in ecither of the two bodies
that counterballance each other, whether the
change be of weight in the atmofphere, or of
fpecifick gravity in the fufpended liquor.

ADVERTISEMENT.

Should hére acquaint your ‘lordfhip with

what I have fince tried, in reference to the
18th of the printed experiments, where I men-
tion, that I obferved, by long keeping the
fame inftrument, with which I ‘once made
the Torricellian experiment, in" the fame
place, that the height of the fufpended mer-
cury would vary according as the weight of
the atmofphere happened to change. But
though abour the barometer (as others have
by ‘their imitation. « A“me to-call the in-
ftrument hitherto mentioned, put into'a’ framie)
I made in the year 1660 feveral' obfervations,
that would not perhaps be impertinent in this
place, yet having long fince left them with a2
friend, who lives far off, and not having them
now in my power, I muft beg your lordfhip’s
permiffion, to referve them for a part of the
appendix, which I doubtI fhall be engaged to
add ro this epiftle. And in the mean time, I
fhall not forbear to prefent your lordthip thofe
other papers, that I have by me, relating to
the barometer; fome of which will, 1 prefume,
fufficiently confirm my lately mentioned con-
jefure, about the caufe of the variation ob-
ferved in the height of the fufpended mercury.,

EXPERIMENT XXII

Wherein is propofed a way of making barometers,
that may be tranfported even to diffant coun-
tries.

‘ TH INKING it a defireable thing (as

Thave clfewhere intimated) to be able to
compare together, by the help of barometers,
the weight of the atmofphere at the fame time,
not only in differing parts of the fame countr Vs
as of England, but in differing regions of the
world; I could not bug forefce, that it would be

2

very difficult to accomplith my defire without

altering the form of the barometers I had hi-
therto made ufe of.  For as thefe be unfit to
be tranfported far, becaufe that ftagnant mer-
cury would be fo apt to fpill 5 fo the procur--
ing them to be made in the places, where they
are to be ufed, though it be no bad expedient,
and fuch as_I have divers times made ufe of, is’
liable to this inconvenience ; that, befides that
few will take the pains, and have the fkill, re-
quifite to make barofcopes well, though they
be fufficiently furnithed with glaffes and mer-
cury for that purpofe 5 befides this, I fay, ex-
cept men be more than ordinarily diligent and
fkilful, (and perhaps though they be) it will be
very difficult to be fure, that the barofcope new-
ly made in a remote country is as good (and
but as good)as thar, which a man makes ufe of
in this; in regard that at the making of the
former; they are fuppofed to have no other ba-
rofcope to compare it with ; and to be fure,
they have not the fame, with which itis to be
compared here. - I
- Be1wg by thefe confiderations invited to
attempt the making of portable or - travelling
barofcopes (if I may {o call them) I thought it
requifite to endeavour thefe three things: the
firft, to make the veffel, “that thould contain
both the fuftained and the ftagnant mercury, all
of one piece of glafs, of a like bignefs : the
next, to place this vefiel, when filled, in fuch’
a frame, as may be eafy to be tratfported, ‘4nd’
yetin a reafonable meafure defend the glafs
from external violence, "no part of it ftanding’
quite out of the frame, as in all other bitd-
fcopes: and_the third, fo'toorder the veffel,
that it may not be fubject ‘té be eafily broken’
by the violent mafion of the mercuiy contain-
edin it. ' o S
Tue firlt of thefe will not feem pracicable
to thofe, that imagine (without any warrant’
frof the hydtoftaticks,) thatir is as'well necef
fary as ufual, that the ftagnant métcury thould
have a veflel much wider than the tube, where-
in the mercurial cylinder is fiftained; bur to
us the difficulty feemed much lefs to make the
glafs-part of our tube of one picce, and of a
convenient fhape, than afterwards to All it.
* Bu to do both, we took a glafs cylinder,
fealed at one cnd, and of a convenient length
(as about four or five foot) and caufed it by
the lame of a lamp to be fo bent, that, to
thofe, that did not take notice it was fealed at
onc end, it feemed to be a fiphon of very un-
equal legs, the one being three or four times
longer than the other ; by virtue of which -
gure the fhorter leg may ferve inftead of the
diftin¢t veffel uftally employed to contain the
ftagnant mercury. To fill this, ‘which is not
ealy, one may proceed after this manner. Take
a fmall funnelof glafs, with a long and flender
fhank, fo that it may reach three or four inches,
or further, into the thorter leg of our barome-
trical fiphon (if I may fo call it;) and by this
funnel pour into this fhorter leg as much “mer-
cury as may reach about two or three inches in
both legs; then ﬁppp.in_g the orifice with your
finger, and flowly inclining the tube, the mer-
cury in the longer leg will gently fall to the
: : {ealed
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fealed end.; and the air, that was there before,
will pafs by it, and fo make it room. The
mercury in the fhorter leg (which leg ought o
be held uppermoft) will by the fame inclination
of the tube fall towards the orifice ; but, being
by the finger that ftops that, kept from falling
~out, if you do flowly re-ere®t the glafs, and
then make it floop again as much as before,
the mercury will pafs out of the fhorter leg in-
to the longer, and join with that which was
there before ; and it all the mercury do not fo
pafs, the orifice is to be ftopped again with
your finger, and the tube inclined as formerly.
This done, the tube is to be crected, and by
the help of the funnel more mercury is to be
poured in, and the foregoing procels of ftop-
ping the orifice, inclining the tube, &c. is to
be repeated, till all the mercury pour’d into the
fhorter leg be brought to join with that in the
longer ; and then the open leg is to be furnifh-
ed with freth mercury, obferving this, that the
nearer the longer leg comes to the being filled,.
~ the lefs you muft raife it from time to time,
when you pour mercury into the fhorter s as
alfo, that when you fee the longer leg quite
full of mercury (though there be but little in
the fhorter) you need not pour in any more, if
the longer do much exceed a yard; becaufe
upon the reftoring of the tube to an ereted:
pofture, there will fubfide from the taller leg in~
to the other a pretty quantity of mercury, by
reafon of the fpace at the fealed end, which
will be deferted by the mercury that was there.
But becaufe it is difficult by this way, as well
as by that practiced already, to fill a tube with
mercury without leaving any vifible bubbles
to free 1t from fuch (if any happen to be) you
muft once more ftop the orifice with your fin-
ger, and incline, and re-eret the tube divers
times, “till you -have.-thereby. brought moft of
the {maller bubbles into one greater; (which
you may if you pleafe increafe, by letting in 4
lictle air :) for by making this great bubble pafs
leifurely two or three times from one end of
the tube to the other, it will in its paffage as
it were lick up all the fmall bubbles, and unite
them to itfelf ; which may afterwards by one
inclinationmore of the tube be made to pafsin-
to the fhorter leg, and thence into the free air,
But there is another fort of funnels, which
if one have the fkill and conveniency to make
(as I. M. cafily doth) one may very expedi-
tioufly fill the bended tubes of our portable
barometers.  For if you make the flender part
of the funnel not ftreight but bended, in the
form of an obtufe angle, and of fucha length,
that the part, which is to go into the fhorter
leg of our fiphon, may reach to the flexure (of
the fiphon;;) then you may, by fo holding the
tube, that the fealed end be fomewhat lower
than the other, and by pouring in mercury at
the obtufe end of the angular funnel, eafily
make it run over the flexwe into the longer
leg of the fiphon; provided you do now and
then, as occafion requires, erect a little and
- Thake the tube, to help the mercury to get by
the air, and expel it. ,
By fuch ways as thefe we have found by

experience, tha itis poflible (though not eafy)
Vor. IIL

to do in fuch a bended glafs, as our purpofe
requires; what, befides a very late learned wri-
ter, the diligent Merfennus himfelf, admonithes
his reader, that it is not a practicable thing to
do in the ordinary glaffes of the Torricellian
experiment,  viz. to free the meicury of a
ftreight tube from air and bubbles, o as to be
able by inclining the glaf§ to make the liquor
alcend to the very top. - _ ‘
_ Tne firft of our three above-mentioned
fcopes being thus attained, it was not, difficule
to compafs the fecond, by the help of a folid
picce of wood, which s to be fomewhat longer
than the tube, and a good deal broader in the
lower part than in the upper, that it may re-
ceive the fhorter leg of the fiphon. In fuch a
piece of wood, which was about an inch thick,
we caufed to be made a gutter or channel, of
fuch a depth and fhape, that our fiphon might
be placed in it fo deep, that a flat picce of
wood (like a plained lath) might be laid upon
it, without at all prefling upon, or fo much as
touching the. glafs; o that this piece of wood
may lerve for a cover to defend the glafs, to
be put on when the inftrument is to be tran-
fported, and taken off again, when it is to be
hung up to make obfervations Wi_th-, the cha_n-{
nel-piece of wood ferving both for a part of a
cafe, and for an entire frame; which may for
fome ufes be a little more commodious, if the
cover be joined (as it may eafily be) to the reft
of the frame, by two or three little hinges and
a hafp, by whofe help the cafe may be readily
opened and fhut at pleafure.: .

TrE third thing we propofed to our felves
is nothing near fo eafy as the fecond ; nor have
we yet had opportunity to try, whether the
way we made ufe of will hold, if the barome-
ter be tranfported into.very remote parts;
though by fmaller removes we found caufe to
hope that it wiil fucceed in greater.

Tue grand difficulty to be obviated was
this; that though it were eafy to hinder the
{pilling of the mercury, by ftopping the orifice
of the fhorter leg of our fiphon, yet that
would not ferve the turns for the upper part
of the tube being deftitute of air, if the mer-
cury be by the motion of the inftrument put to

vibrate, it will be apt (for want of meeting

with any air in the upper part of the tube to
check its motions) to hit fo violently againft
the top of the glafs as to beat it out, or to
crack fome of the neighbouring parts.

To obviate this great inconvenience our
way s, o incline the tube, till the mercury
be impelled to the very top of it, and yet
there will remain a competent quantity in the
fhorter leg of the glafs, if that be not at firfk
made too fhort. This done, the remaining
part of the thorter leg is to be quite filled up
cither with water or mercury, and the orifice
of it is to be very carefully and firmly ftopped,
for which purpote we ufe our ftrong black ce-
ment: for by this means the mercury in the
longer leg, having no room to play, cannot
ftrike with violence as before, againit the top
of the glas, But though by many times fuc~
ceflively fhaking the barofcope we did not per-
celve, that it was very like to be prejudiced llJY

I ’ the
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the thakes it muft neceffarily endure in tranfpor-
tation to remote places, if due care be had of
it by the way, yet till further trial have been
made 1 fhall not pretend to be certain of the
event. But thus much of conveniency we have
already found in this contrivance, that we {ent
it fome miles off, to the top of a hill; and had
it brought home fafe again, ‘the phenomena
at the top and bottom of the hill being an-
fwerable to what we might have expected, if we
had employed another baro{_'cope.

When the inftrument is to be fent away,
the height of the mercurial cylinder (to be mea-
fured from the furface of the ftagnant mercury
in the fhorter leg) being taken for that place,
day, and hour, and compared (if it may be)
with that of another good barofcope, which is
to continue in that place s as much of the gut-
ter as is unfilled by the glafs may be well ftuffed
with cotton, or fome fuch thing, to keep the
glafs the more firm in its pofture ; and that the
tube be not fhaken or prefled againft the
wood, fome of the fame matter may be put
between the reft of the frame and the cover,
which ought to be well bound together. And
when the inftrument is arrived at the remote
place, where itis to be employed, (forif it be
to be fent but a little way, it may be carried
fafely without ufing any adventitious liquor)
the water, that is added, may be taken off again,
by foaking it up with pieces of fpunge, linnen,
&c. but if inftead of water you put in mercury,
as it ought to have been put in by weight, fo
it is to be taken out, till you have juft the
weight that was put in: and it is not difficult
to take out the mercury by degrees, by the
help of a fmall glafs-pipe, fince you may either
fuck up little by little as much’ as remains of
the additional mercury, when by ereting the
barometer, ‘étﬁd*‘*“ovdﬁi‘ywn&epping, the orifice
of the lower leg, as much mercury as- will of
of itfelf low out is efluxed ; or eife you may
take out the fuperfluous mercury, 'by thrufting
the lower end of the pipe into that fiquor, and
when it has taken in enough, ftopping the up-
per end clofe with your finger,” to keep it
from falling back again when you remove the

1Pe.

P I:’N. B. Ir it fhould happen in a long voyage,
that by the numerous fhakings of the infiru.
ment, there thould from the additional water or
mercury in the fhorter leg get up into the lon-
ger any little aerial bubble, which feems the
only, but I hope not likely, danger in this con-
trivance, he that is to ufe the inftrument, at
the end of the voyage may, if he be fkilful,
frec the mercury from it by the fame way, that
we lately preferibed to free it from air, when
the inftrument was firft filled.

I prefume I need not tell your lordthip, that
the chief ufe of his travelling barofcope is, that
he thatufesit in a remote part, keepin ga diary of
the heights of the mercury, by comparing
thefe heights with thofe, at which the mercury

00d at the fame times in the barometer that
Was not removed, the agreement or difference
of the weight of e atmofphere in diftant
places may be obferved, 7o which this ma
be added, the conveniency, which the ftruc-

New EXPERIMENT S Phyfico-Mechanical,

ture of thefe inftruments gives them to be fe-
curely let down into wells or mines, and to be
drawn up to the top of towers, and fteeples,and
other elevated places: not here to confider,
whether by a convenient addition, thefe, as
well as fome other barometers, may not be
made to difcover even very minute alterations
of the atmofphere’s preffure. '

WrETHER this travelling barofcope, being
furnithed at its upper end with a very good
ball and focket, and at the lower end with 2
great weight (which way of keeping things
fteady in a fhip has been happily ufed by the
Royal Society on another occafion ;) whether, I
fay, our inftrument may by this contrivance,
or fome other that might be fuggefted to the
fame purpofe, be made any thing ferviceable at
fea, notwithftanding the differing motions of
the fhip, I have had no opportunity to try :
but whether it may or may not be ufeful in
{pite of the rolling of the thip, it may at leaft
be made ufe of in flat calms (which divers times
happen. in long voyages, efpecially to the Eaft
Indies, and to Africk) and then the inftru-
ment, which at other times may lie by with-
out being at all cumberfome, may be made
ufe of, ‘as long as the calm lafts, to acquaint
the obferver with the weight of the atmofphere
in the climate where he is, and that upon the
fea: which may give fome welcome informa-
tion to the curiofity of fpeculative naturalifts, -
and perhaps prove either more directly, or in
itsconfequences, of fome ufe to navigators them-
felves, as by cnabling them by its fudden
changes to foretel the end of the calm. Be-
fides that, having one of thefe inftruments
ready at hand, whereever they fet foot on
fhore, though it be but upon a fmall ifland,
or a rock, they can prefently and eafily take
notice of the gravity of the atmofphere in that
places-which whether or no, if compared with
other obfervations, it may in time prove not
altogether ufelefs to the guefling whereabouts
they are, and the forefeeing fome approaching
changes of weather, 1 leave to future experi-
ence, if it fhall be thought worth the making,
to determine. ~ ‘

Besipes the ordinary barofcope, and this
travelling one, I have employed two or three
other inftruments of quite differing kinds, to
difcover the varying gravities of the atmofphere;
but though they have hitherto fucceeded well,
for the main, yet being willing to make fur-
ther obfervations about them, I referve one of
them for another opportunity, and think fit
to leave the other in a tract it belongs to.

A PosTtscript ADVERTISEMENT.

INCE the writing of the foregoing and
S the following experiments about the tra-
velling barofcope, having had occafion to make
one at a place about fifty miles diftant from
that where I was when I writ them, I took no-
tice, that the mercury in the travelling baro-
fcope was not by £ of an inch fo high as that
In another barofcope made the ordinary way ;
and yet it was not cafy to perccive, that the
former had been lefs carefully filled than the
latter.  So that T yet know not well to what

caufe
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caufe to impute the difference, unlefs it thould
perhaps depend upon this circumftance 5 that
the pipe, whereof the travelling barofcope
was made, was very flender, and much more
{o, than the tube of the other; and I have
already elfewhere obferved, that mercury, con-
trary to what happens in water, is lefs apt to
rife in very flender pipes. And though I re-
member, that, at the place where I writ the ex-
periment, to which this poftfcript belongs, in
the tube, I then employed to make the travel-
ling barofcope, the mercury afcended as high
as 1n a noted one made the common way; yet
not being in the other place furnithed with a
tube, long and big enough, I think myfelf
obliged, tHl I can clear the doubt by further
trial, to give your lordfhip this advertifement,
left either the caufe already fufpected, or fome
other unheeded thing, may in fome cafes make
thefe travelling barofcopes fomewhat differing
from others. But though they thould prove to
be fo, yet it would not follow, that they can-
not be made ferviceable : for keeping a pretty
while that inftrument, which fuggefted the
fcraple to me, juft by the other, with which I
had compared it, and carefully taking notice
of the refpective heights, at which the mercury
refted in . both; I obferved, that when it rofe
or fell in the other barometer, it did alfo rife
and fall in the portable one ; and when it reft-
ed at its firft ftation in the former, it did fo in
the latter; and though there feemed to be
an Iinequality in the quantity of the afcent,
and fubfidence of the mercury in the two in-
ftruments, yet that feemed to be accountable
for, by fome circumftances, efpecially the ve-
ry unequal breadth of the vefiel, that contained
the ftagnant mercury in the other barometer,
and. that fhorter leg, which anfwered to that
veflel in the travelling barometer. But till
the formerly propofed fcruple be by further
obfervations removed, the fafeft way will be
to make the barometer to be fent to remote
places, as like as may be (in bignefs, and
length of the tube) to another portable one
keptat home; that fo, when they are once
adjufted, the collations may be made betwixt
- two Inftruments of the fame kind, whereof
that, which is kept at home, may alfo, if it
be thought fit, be compared, when the obfer-
vations are made, with a barofcope, made the
ordinary way. :

EXPERIMENT XXIIL

Confirming, that mercury in a barometer will be
kept fufpended bigher at the 1op, than at the
bottom of a hill. On which occafion fome-
thing is noted about the beight of mountains,
efpecially the pic of Tenariff.

O give your lordfhip fome inftance (till
T I can prefent you with a noble one) of
the ufe of our travelling barometer, I thall now
add ; that when I writ the foregoing experi-
‘ment, chancing to be within two or three
miles of a hill, which, though not high, was
the leaft low in that country, I thought our in-
ftrument mighe be fafely, and not altogether
ufelefly, carried on horfe-back to the top of i,

I

which was too remote from the bottom to be
conveniently reached by me on foot in the
midft of winter, This trial therefore I refol-

ved to make, becaufe, though I formerly told

you of a confiderable one, that had been made
in France by fome eminent virtuofo of that
country; yet I was willing; not only to have a
proof, how fafely our barofcope mightbe tran-
fported, but to confirm to your lordfhip upen
our own obfervation, made in another region,
fo confiderable an argument, as thefe kind of
experiments afford to our hypothefis.

AN D though when I came to try the ex-
periment, I happenedto have an indifpofition;
that forbid me to do it all myfelf; yet having
carefully marked on the edge of the frame
the height, to which the fufpended quick-filver
reached, and compared it with a good baro-
fcope made the ordinary way, I committed
our inftrument to a couple of fervants, that I
had often employed about pneumatical and:
mercurial experiments, giving them particular
inftru¢tions what to do. And the inftrument
being fuch as might be fafely carried on horfe-
back, I had in two or three hours an account
brought me back, the fum of which was; that
they found the fufpended mercury falla lictle as
they afcended the hill, at whof€ top they gave the
liquorleave tofettle, and carefully took notice,
by a mark, of the place it refted at ; which was,
as I afterwards found, % of an inch, or fome-
what better beneath the mark I had made;
and this notwithftanding the hill was not high,
and the air and wind feemed to them to be
much colder at the top of it, than beneath.
But though, as they defcended more and more,
they obferved the mercury to rife again higher
and higher, (as being preiled againit by 2 taller
column..of the atmofphere;) and though con-
fequently the experiment agreed very well with
our hypothefis, and may ferve for a confirma-
tion of it; yet by reafon of the fmall height
of the mountain, the decrement of the height
of the mercurial cylihder was not not fo con-
fiderable, but that I fhould perhaps have omit-
ted the mention of this trial, if itdid not thew,
that our travelling barofcopes may be fit to be
employed about fuch experiments. And there=
fore, when I can recover fome of my fcattered
papers, 1 fhall by way of appendix fubjoin to
this fome other obfervations, that I procured
to be made by ingenious men, who had the
opportunity of living near higher mountains.

Som e further trials I have recommended
to be hereafter made by fome other inquifitive
perfons 3 and to make them the more inftruc-
tive, I could wifh, that others would dowhat I
fhould have done, if opportunity had befriend-
ed me. For I defigned to make the expeil-
ment at the bottom, the top, and the agnt.er—
mediate part of the whole, at three differing
conflitutions of air, viz. when it fhould ap-
pear by a good ordinary barofcope, that the
atmofphere was very heavy, when it {hould be
found to be very light, and when it fhould
have a moderate degree of gravity: and I
hoped, that if fagacious experiments ﬂ}oUId
make thefe diverfified obfervations on diftant

and unequal hills, good hints may refult trog]
' the
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the collations, that may be made of the varying
decrementsof the mercurial cylinder’s height,
according to the differing gravities of :che at-
mofphere at feveral times, and the d;ﬁ"crmg
heights of the hills and ftations where the ob-
{ervations fhould be made. . :

I alfo endeavoured to get a barofcope cat-
ried down to the bottoms of deep mines;
partly, to try whether the atmofpherical pillar

‘being longer there than at the top, the mercu-

ry-in the tube would not be impelled up high-
er; and partly, in order to other difcoveries.
But fome impediments in the ftruture of thofe
mines made it not very practicable to employ
barometers there ; which yet makes me not
defpair of fuccefs in fome other mines, where
the fhafts or pits are funk more perpendi-
cularly. : \

" Peruars I told your lordfhip already
by word of mouth, that I have been follici-
toufly endeavouring to get the Torricellian ex-
periment tried upon the pic of Teneriff; but
hitherto T have had no account of* the fuccefs
of my endeavours ; for which I am the more
concerned, becaufe of the eminent (if not
-matchlefs) heiglit of that mountain, of which
you may receive fome fatisfaction, by what I
am going to fubjoin about it.

© An Appendix about the height of Mountains. ‘
Y YORASMUCH as on the one hand, not
only Kepler, but divers other modern

writers of note, do endeavour to ftraiten the
atmofphere, and make it lower by half than

~the leaft height, to which, according to our

eftimation, it thould reach; and to countenance
their opinion, will not allow the clouds to be
‘often above a mile high, nor even the higheft
‘mountains to exceed two miles, And foraf-
‘much as, on the other fide, “otherlearned men
feem to make the clouds and the mountains of
-a ftupendous height; we, who take a middle
-way of eftimating the height of the one and
the other, hold it not unfit to fubjoin on this
occafion fome uncommon obfervations, in
favour of our opinion, that we have obtained
from inquifitive travellers,

Burr firft I will fubjoin a paffage I have fome
where metwith in Ricciolus’s Almigeftum novum,
where he, if I well remember, relates, that
the reCor Metenfis, as he calls him, of the
-Jefuits college affirmed to him fome years
fince, that he had meafured the height of
.many clouds, without having found any of
-them higher than 5000 paces: which argues,
that he met with fome fo high, though indeed

-the height of clouds muft needs be very vari-

ous, according the gravity or lightnefs, denfity
‘or thinnefs, reft or agitation of the air, and

-the condition of the vapours and exhalations
.they confift of. Andif ecither that be true,

which we have formerly had occafion to men-
-tion concerning Maignan’s obfervation; or if it
-be true, that fublunary comets (for T fpeak not

~of celeftial ones) are gencrated of exhalations

of the terreftrial alo

be, we may well conjecture,
that the atmofp

iere, (cfpecially if its height be

-not uniform,) and even clouds, efpecially thofe

that have moft fumes, and feweft vapours, may

TS Phyfico-Mechanical,

reach much higher than Cardan, Kepler, and
others have defined.
Bur of the height of clouds, which we
have fometimes attempted to take geometsi-
cally, we may have elfewhere occafion to fpeak
again ; and therefore I fhall now proceed to
what I have to fay concerning the height of
mountains.  Which being an enquiry curious
and difficult enough in itfelf, and of fome im-
portance in the difquifition about the height of
the atmofphere, it being evident, that that muft
reach at leaft as high as the tops of mountains,
upon whofe tops men can live; 1 hope it will
not be unacceptable to your lordthip, if having
a while fince, as I was intimating, had the
opportunity to difcourfe with fome credible
perfons, that have been upon the top of exceed:
1ing high mountains, particularly of the pic of
Teneriff, and efpecially with one gentleman,
who was a few days before brought to fatisfy
the curiofity of our inquifitive and difcerning
monarch, by giving him an account of his
journey, I acquaint you with thofe of the par-
ticulars, which Ilearned from thence, that are
the moft pertinent to our prefent purpofe,
Firft then, whereas divers late mathematicians
will not allow above two miles or half 3 german
league, and fome of them not half fo much,
to the height of the higheft mountain ; the
mountain we fpeak of, in the ifland of Teneriff,
one of the Canaries or Fortunate Iflands, is fo
high, that though perhaps I think thofe tra-
vellers I have taken notice of fpeak with the
moft when they write, that the top of this
mountain is be feen at fea, four degrees off,
1. e. at leaft threefcore german leagues; yet
having afked the ingenious gentleman lately
mentioned, Mr. Sydenbam, from what diftance
the top of the fugar-loaf, or higheft part of the
hill, fo called from its figure, could be feen ar
fea, according to the common opinion of fea-
men; he an{wered, that that diftance was wont
to be reckoned 6o fea-leagues, of three miles
to a league ; adding, that he himfelf had feen
it about 40 leagues off, and yet it appeared ex-
ceeding high, and like a bluith pyramid, ma-
nifeftly a great deal higher than the clouds.
And what he related to me about the diftance
was afterwards confirmed by the anfwers I re-
ceived from obferving men of differing pations,
who had failed that way ; and particularly by a
noble virtuofo, f{killed in the mathematicks,
who was then admiral of a brave Englifh fleet.
And the abovementioned gentleman Mr. §.
alfo told me, that fometimes men could from
thence fee the ifland of Madera, though diftant
from it 7o leagues 5 and that the great Canary,
though 18 leagues off, feemed to be very near
them that were on the top of the fugar-loaf, as
if they might leap down uponit. Thus far
Mr. Sydenbam, by whofe relation it appears, -
that this pic muft be far higher than Kepler and
others allow mountains to be; for elfe it could
not be feen at fea from fo great a diftance,
And the learnd Ricciolus, fuppofing it to be,
.(as fome navigators report it to be,) difcover-
able at fea four degrees off, calculates itg height
meafured by a perpendicular line, and allowing
too for refraCtion, to amount to ten miles,
2 which
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Which altitude alfo the accurate Suellins afligns
it. But I fear this learned man may have been
fomewhat mifinformed by the navigators he
relies on, or elfe that the way of allowing for
refraltions 1s notyet reduced to afufficient cer-
tainty. For I do not find by thofe, who have
purpofely gone to the top ofit, that the moun-
tain is fo high as his calculation makesit. And
whereas the fame eminent writer refolutely
pronounces, that the height of mount Caucafus,
dedution being made for refraction, is 51 Bo-
lognian miles, which are confiderably greater
than the Roman miles 3 I doubt nct here like-

wife, though I queftion not his fupputations, if*

you grant him the grounds of them, he makes
this mountain far higher than indeed it is. For
the paffage of Ariftotle, on which he founds his
opinion, is obfcure enough 3 and Arifotle him-
felf does fometimes take up reports upon hear-
fay, without over-ftri¢tly examining their truth
or probability ; whereas all the navigators and
travellers T have hitherto met withy (and your
lordthip knows, that I have, upon a publick
accourit, the opportunity of meeting often
with fuch men,) do almoft unanimoufly a-
gree, that the pic of Teneriff 1s the higheft
mountain hitherto knowh in the world; and

yet that is fo far from being 15 leagues high, -

as fome eminent, and even late writers would
perfwade us, that it is fcarce a feventh part fo
high as Ricciolus computes mount Caucafus to
be. For having atked Mr. Sydenbam, and
others, what was the eftimate made by the moft
knowing perfons of the ifland of the height of
the hill, he told me, that his guides accounted
it to be onc and twenty miles high from the
town called L’oretava, feated on the lower part
of the hill, from which town to the fea there
is three miles of way always defcending. ~ But
in regard that the way, which amounted to 21
miles in length, is, as other ways, whereby
{teep places are wont to be afcended, made to
wind and turn for the conveniency of travel-
lers; I can fearce dedudt lefs than two thirds
for the crookednefs of the way: and accord-
ingly having afked him, whether the perpen-
dicular height of it had been accurately taken
by any with mathematical inftruments, he an-
fwered, that he could {ay nothing to that upon
his own knowledge, but that a feaman with

great confidence affirmed himfelf to have ac--

curately enough meafured it by obfervations
- made 1n a fhip, and to have found the perpen-+
dicular height of the hill to be about feven
miles. Which eftimate agrees well enough
with the calculations of Ricciolus and Snellius,

if we leffen the diftance, from which the top of-

the hill is to be difcovered, from 6o German
leagues of four miles to a league, to the like
number of common'leagues at three miles to a
league.

A ND becaufe eminent writers have fo confi-
dently delivered prodigious things touching
the height of this mountain, I will here, to
confirm the eftimate already made, add thefe
particulars, which I tcok from the gentleman’s
own mouth, and which were afterwards con-
firmed to me by another, that went with him
and partly alfo by a third, . who went up to the

Vor. lIL

top at another time of the year, viz. that they
begun their journey from JL’oretava on the
18th of Augnft, about 10 of the clock at
night, and travelled till five in the afternoon
on: the monday following, refting two hours
by the way, and travelling about 1o miles of
their way upon mules, which afterwards they
were forced to leave, and betake themfelves to
their feet. Refting upon monday ti!l midnight;
they refumed their journeying, and travelled
until about nine the next morning, at which
time they arrived at thetop of the Sugar-loaf;
or higheft pile of the mountain; {o that they
travelled in all but 26 hours, in which, confi-
dering the ftéepnefs and ruggednefs of the
ways, and that they were forced to go above
half way on foot, to which they were unaccuf-
tomed, it is likely cnough, that the length of
the way did not much, if at all, exceed the
computation of the guides.

WE have fince endeavoured, but withotit

‘yet knowing what will be the fuccefs, to have

the height of this mountain carefully taken by
fkilful men. In the interim I fhall not deny;
but that if what 4riffetle and other authors -
report of mount Gaucafus be-true, there may -
be far higher mountains than the pic of Teze-

riff s efpecially fince there is one confideration, - |

which perhaps you will not think defpicable,
that I find not taken notice of by thofe, that
have written of the height of mountains 3 viz. -

P

3

3

that of two mountains, that meafured by geo~ e e
metrical inftruments may appear to be of the confidera-
fame height, there may yet be a great inequa- tion Lince

lity ;5 becaufe the meafurer meafures only from

found to
have beent

fome plain piece of ground at the bottom of had, be-

the hill to the top, whereas it may be, th
the country, wherein one of thofe-mountains

that fore me,
by the
earned

ftands, may be ekceedingly much’ bigher than g, . .

that, wherein the other is placed : which dif-
ference of heights in the {everal countries he,
that is to mcafure only the height of one of the
mountains, is not wont to take any notice of 3
and confequently though in refpect of the
plains, adjacent to the feet of the mountains;
their alritudes may be equal, yet in refpect of
the level,or fuperficies of the terraqueous globe,.
confidered as having no mountains at all but
thofe two, the height of the one may far exceed
that of the other ; and fo the pic of Teneriff be-
ing looked upon from the level of the fea, may
be much lefs high than fome other hills, but’
may appear much higher than fome other hills,
which yet protuberating above the level part of
fome country, which is itfelf generally exceeding
high, may have its top mere remote from the
centre of the earth, than that of the pic, and
would appear higher than it, if as well the one
as the other were looked upon from the fame
fuperficies of the fea. _ P
BuT to return to the height of the atmof-
phere; in order to the making an eftimate of
what we have confidered as to the height of
mountains, I fhall add, that théugh by what
has been already faid touching the height of
the pic and’ other hills; it appears, that the
atmofphere reaches far higher than many learn-
ed men would hitherto allow; yet we are not
to think, that the atmofphere may not reach al*
K: moft
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- moft incomparably higher than the tops of

mountains, - Nor do I fuffer my felf to be con-
cluded by what many commentators of 4rifto-

‘#le and other writers are wont to teach, touch-

ing the diftin& narrow extent they allow to
that {phere, within whofe limits they would
have the fteams of the terreftrial globe to pro-
duce meteors. How far the height of moun-
tains may make the air at the tops of them in-
convenient for refpiration, fhall be (God per-
mitting) confidered, when I come to acquaint

your lordfhip with myy loofe trials about refpi-
ration, ' '

EXPERIMENT XXIV.

Shewing -that the preffuré of the atmofphere may
be exercifed enough to keep up the mercury in
the Torricellian experiment, though the air
Prefs upon it at a very finall orifice.

Y a very flight variation of the foregoing
B 22d experiment we may both confirm
one of the moft important, and the leaft like-
ly truths of the hydroftaticks, and remove an

objection, which, for want of the knowledge

of this truth, is wont to be urged againft our
hypothefis even by learned men. For divers

' of thefe, when they fee the fame phenomena

happen in the Torricellian experiment, whe-
ther it be made in the open air, or in a cham-
ber, are forward to object, that if it were, as
we fay it is, the weight of the air, incum-
bent on the ftagnant mercury, which keeps
that fufpended in the tube from falling down,
the mercury would not be fuftained at any
thing near the fame height in the open air,
where the pillar, that is fuppofed to lean upon
the ftagnant mercury, may reach up to the
‘top of the atmofphere, as in a clofe room,
where they imagine, that no more air can prefs
upon it, than what reaches directly up to the
roof or cieling. And when to this it is an.
fwered, that though if a room were indeed ex.
altly clofed, the fuftentation of the mercury
ought to be afcribed to fome other caufe than
the weight of the imprifoned air, which other
caufe I have elfewhere thewn to be its fpring;
yet in ordinary rooms there is ftill a communi-
cation between the internal and external air,
either by the chimney, or, if the room have
none, by fome crevice in the window, or by
fome ctink between the wall and the door, or
at leaft by the key-hole.  And when to this it
is objected, that ‘the orifice of the key-hole is
much narrower than the fuperficies of the ftag-
nant mercury, and confequently, though the
atmofphere were not reduced to prefs oblique-
ly on the mercury, yet, entering at f> fmall an
orifice; it could not prefs fufficiently upon it 5
when, Ifay, inanfwer to this objeétion I have
alledged that hydroftatical theorem, that the
preflure, in fuch cafes as ours, is to be efti-
Mated by the heights of the liquors and not
trhe,.breacltl'xs, the affertion has been thought
unlikely ang precarious.

© <confirm therefore this hydroftatical
trath, one may take the bended tube, men-
tioned in the ‘9,4 experiment; and inclining

it dill the greatcft part of the mercury pafs from
z

the fhorter- leg into the longer, the upper end
of this fhorter leg may by the flame of a lamp
be drawn out {o flender, that the orifice of it
fhall not be above an eighth or tenth part (not
to fay a much lefs) as big as it was before.
For this being done, and the tube erefted a-
gain, ifthe tall cylinder of mercury be of the
ufual or former height, as we have found it,
it will appear congruous to our hypothefis, that
the weight of the external air may exercife as
much preffion upon the ftagnant mercury
through a little hole, as when all the upper fu-
perficies of that mercury was direétly expofed
to it. : :

Anp if one have not the conveniency to
draw out the thorter leg as is prefcribed, one
may neverthelefs make the trial, by carefully
ftopping up the orifice with a cork and ce-
ment, Jeaving only, or afterwards making, a

- very {mall hole for the air to paf in and out.

If I had not wanted a fit inftrument, I would
have tried to exemplify the truth of what has
been delivered, by "adding to the glaffcs we
employed to make the fifth experiment fuch
a cover, as might be cemented on to the edpe
of the glafs, having only a very fmall hole in
the midft, at which the atmofphere would be
reduced to exercife its preffure; and the like
cover I would have made ufe of in the tenth
experiment, about the breaking of glafs-plates

in_ the unexhaufted receiver, by the bare {pring
of the air, o

EXPERIMENT XXV.

Shewing that an oblique preffure of the atmos
Jpbere may fuffice to keep up the mercury af
the wonted beight in the Torricellian experi-

ment, and that the fpring of a litsle included
air may do the fame.

Y adding a couple of little circumftances
to the trials lately propofed, we may con-
firm two confiderable articles of our hypothefis,

For, 1. if, inftead of drawing the fhorter le

of our barometrical fiphon, if T may fo call it,
diretly upwards, or parallel to the longer leg,
as in the foregoing €xperiment, you make the
flender part bend off fo, as that, if it were

continued, it would make a right angle with Scc Plate
the longer leg of the fiphon, or elfe an acute V- Fig- 3

angle, tending downwards; this being done,
I fay, if when the tube is erefted the mercury
reft at its wonted ftation, it will appear, that’
the preflure of the atmofphere may be exercifed
upon it as well obliquely, when the pipe that
conveys it is either horizontal, or opens down-
wards.

AND, 2. 1if, inftead of bending this flender

- pipe, one feal it up hermetically, the conti- See Plate
the fame V- Fig: &

nuance of the mercurial cylinder at
height will thew, that the fpring of a very little
air, fhut up with the preflure of the atmo-
fphere uponit, (though no more than what
the air here below is ordinarily expofed to by
the weight of the incumbent air) is able o
fupport as tall a cylinder- of mercury as the
weight of the whole atmofphere, 1. e, of as

much of it, as can come to exercife jts preflure
againft the mercury,
N.B.



tOucéiﬂg the SPRING of the A1R:

. N.B. Ir when the fhorter leg of the baro-

fcope is fealed up, you move the inftrument

up and down, the mercury will vibrate, by
reafon of the fomewhat yielding {pring of the
imprifoned air; but becaufe of the refiftance of
the {pring, the motion willbe diverfifiedafter an
odd and pretty manner : which may be eafily per-
ceived by the impreffion it makesupon the hand,
but not fo eafily defcribed.  And becaufe that,
when the fhorter leg is drawn out flender
enough, after the inftrument is furnithed with
quick-filver, itis eafy to feal it up with the
flame of a candle, withour the help of any in-
ftrument at all, I thall here take notice to your
lordfhip, (which I could not reafonably do be-
fore,) that it may on fome occafions be conve-
nient to feal up the barometer, before it be
tranfported, and, in fome cafes, to incline the
tube beforehand, till the quick-filver have
quite fill’'d the longer leg: by this means the
vibrations of the quick-filver will be lefs than
otherwife they would be, and it will be no
trouble at all, when the inftrument is brought
to the defigned place, to break off the flender
apex of the fhorter leg, and fo expofe again
the mercury to the preflure of the atmofphere.
As about the former experiments, fo about
thefe two this advertifement may be given
viz. That the fame trials, for the main, may
be made without confining oné’s felf to the pro-
pofed ways of making them. ;

1. For the firft of thefe new trials may be

. made by cementing very carefully on to the
orifice of the fhorter leg (which need not be
altered) a thort pipe of glafs, whofe upper end
may be drawn out very {lender, and bent either
horizontally or downwards; which is far eafier
to be done, than to draw out the thorter leg,
when the glafs is furnifhed with mercury.

2. AND as for the fecond trial, that may be
well enough made, by carefully fopping the
unaltered orifice of the fhorter leg with a good
cork, and our clofe cement, or with the latter
only; and when you: would afterwards ufe this
inftrument as a barofcope, you need but heat
a pin or flender wire red hot, and fo burn a
hole through the ftoppel. a .

. Anp this expedient, which I could not

. conveniently advertife your lordfhip of fooner,
may be of ufe, when a travelling barofcope is.
to be often removed; becaufe having once
flopped the whole orifice well, it is far more
eafy to {top and open a pin-hole accurately,
than to clofe and unftop the whole orifice of
. the tube,

NoTt £, I endeavoured to confirm more than
onc of the foregoing particulars by this one
experiment. Having caufed a portable baro-
meter to be made with the thorter leg of a
lomewhat more than ordinary length, I after-
wards caufed the upper part of this leg to be
drawn out very flender, as in this 2 5th experi-
ment; and laftly, T caufed the fame fhorter
leg to be either about or fomewhat above the
middle bended downwards, fo that the {mall
orifice of the flender apex pointed towards the
ground. This done, I was to have meafured
the height of the fufpended mercury, but not
having a fit ruler at hand, I then deferred, and

afterwards forgot to do-it; but I remember,
that neither I, nor {fome others verfed in fuch
experiments, to whom I fhewed it, took any
notice, that the mercury was lefs high than in
ordinary barometers ; whence it was concluded;
that the atmofphere could exercife his pref-
fure not only at a very fmall orifice, which in

our experiment did ljttle, if at all, exceed a-

pin-hole, but when the air muft at this little
orifice prefs upwards to be able to prefs upon
the furface of the ftagnant mercury.

EXPERIMENT XXVL

About the making of a barofcope (but of little
practical ufe) that ferves but at certain times.

O fhew fome- ingenious men by a me-
T dium, that hasnot hitherto (that I know
of ) been made ufe of, that the not fubfiding
of quick-filver in an inverted tube, that is a
little thorter than thirty inches, or thereabouts;
does not proceed from fuch a fuga vacui as
the fchools afcribe to nature, but from the
gravity of the external air; I devifed the fol-
lowing experiment.

Havine made choice of a time;, when i¢ -

appeared by a good barofcope, which I had
frequently confulted for that purpofe, that the
atmofphere was confiderably heavy, I caufed a
glafs-pipe, hermetically fealed at one end, and
in length about two foot and a half; to be
filled with quick-filver, fave a very little, where-
In fome drops of water were put, that we might
the better difcern the bubbles, if any thould be
left after the inverfion of the tube into an open
glafs with ftagnant mercury init. Having by
this means, though not without difficulty, freed
the tube from bubbles, we fo ordered the fmat=
ter, that the quick-filver and the little water;
that was about it, filled the tube exactly, with-
out leaving any interval, that we could difcern
at the top, and yet the mercurial cylinder was

but very little higher than that of our barofcope

was at that time, -

TH1s done, the newly filled pipe was left
erected in a quiet place, where the liquors re~
tained their former height for divc*:rs _days.
But though an ordinary fchool-philofopher
would confidently have attributed this fultens
ration of {o heavy a body to nature’s fear of
admitting 2 vacuum ; yet it feems; that either
the is not always equally” fubje@t to_that feary

“or fome other caufe of the phenomenon muft

be affigned; for when (a pretty while after) I
had obferved by the barofcope, that the at-
mofphere was grown much lighter than before;
repairing to my fhort tube, I found, that ac-
cording to my expectation the quick-filver was
not inconfliderably {ubfided, and had left a ca-
vity at the top, which afterwards grew leffers
according as the atmofphere grew heavier.

N.B. 1. Tux tube employed about this ex-
periment may be brought to the requifite
fhortnefs, either by wearing off a little of the
glafs at the orifice of it, or by u}creaﬁng ch.e.
height of the ftagnant mercury, into which it
hath been inverted. ‘

2. Waerw the quick-filver in our fhort tube

was much fubfided, there appeared in the wtae;
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ter that fwam upon it a little bubble, about the
bignefs of a fmall pin’s-head ; but, confidering
h(?w careful we had been to free the tube from
bubbles before we fet it to reft, it may very
well be, that this fo fmall a bubble was not
produced, till after the fubfiding of the quick-

- filver, whereupon the aerial particles in the

water became lefs compreffed than before ; not
to mention, that the bubble (fuch as it was) ap-
peared very much greater than it would have
done, if the preflure of the atmgfphere had
not been kept from it by the weight of the
fubjacent pillar of mercury.

EXPERIMENT XXVIL

About *t‘be. afcenfion of liguors in wvery flender
pipes in an exbaufted receiver.

‘ N JHAT 1 related to your lordthip, in

the 35th of the publithed experi-
ments, about the {feemingly fpontaneous af-
cenfion of water in flender pipes, has occa-
fioned the making of many trials by the cu-
rious, whereby that experiment has been not
a little diverfifyed. But becaufe among thofe
I have yet heard of, none have been made in

our engine, it may not be amifs to add the

following trial, which may be of ufe in the
examen of one or two of the chief conjetures,
that have hitherto been propofed about the
caufe of that odd phxnomenon..

- W g tinged fome {pirit of wine with coche-
neal, which being put into the receiver, and
the air withdrawn, did exceedingly bubble
for a pretty while. Then little hollow pipes
of different fizes being put into it, the red li-
quor afcended higher in the flenderer than the

* others; but upon the withdrawing of the air

there fcarce appeared any fenfible difference in
the heights of the liquor, nor yet upon the let-
ting 1t:1n again,. U e )
AFTERWARDS two fuch pipes of differing
fizes, being faftened together (at a diftance)
with cement, were let down into the fame pi-
ritof wine, when the receiver was well exhaufled,

notwithftanding which the liquor afcended in

“ereCted the tube,
- refted upon that of a fomewhat thallow, and

pipes of glafs, I confidered, that it. would be
eafy by another way to make it rife to a far
greater height than hitherto had been done ;
for fince we had found by obfervation, that,
ceteris paribus, the flenderer the little pipes
were that we-employed, the higher the liquor
would rife in them; and fince the hydrofta-
ticks had taught us, that oftentimes, even in.
very crooked pipes, water would be made to
afcend by the fame ways (of raifing it) to the
fame perpendicular height (or thereabouts) as
in ftraight ones 5 I thought, that I might well
fubftitute a powder, confilting of folid cor-

- pufcles heaped upon one another, and included-

in a glafs-cane, inflead of the lirtle pipes I
had hitherto ufed.  For I confidered the little
intervals, that would neceflarily be left between
thefe differingly fhapcd, and confufedly placed
corpufcles, would allow, paflage to the water,
as did the cavides of the little pipes, and yet
would in many places be ftraighter than the
flendereft pipes I had ufed. And though bea-
ten glafs, or fine fand, &c. might - have been
employed about this experiment, yet I Judged.-
it far more convenient to make ufe of fome
metalline calx, becaufe the operation of the
fire, making a more exquifite comminution of
folid bodies than our peftles are wont to do,
is fit to fupply us with exceeding minute
granes, that intercept proportionable cavities
between them.

Uron this confideration therefore (befides
others to be hereafter hinted) I took a ftraight
pipe of glafs, open at both ends, and of a
moderate widenefs, (for it need not be very.
flender,) and having tied a linen-rag to one -
end of 1t, that the water might have free paf-
fage in, and the powder not be able to fall out, ,
we carcfully, and as exactly, as we could, filled
the cavity with minium, (which is lead calcined,
without addition, to rednefs 3) and then having

fo that the 'bottom of it

open mouthed glafs, containing water enough

to fwim an inch or two above the bottom of
the tube ; into whofc

' cavity it did, as I ex- "This was
pected, infinuate itfelf by degrees, as appeared (if I for-

by a little change of colour in that part of the 5 not)

. “ el . about the
minium which it reached, . ti]} (the open glafs latterend

being from time to time fupplied with frefh oftheyeas
liquor) it attained to the height of about 30 1662
inches. And then, our Society exprefling” a
curiofity to fee it, and have it placed among

better things, I was hindered from making

any further obfervations with that particular
glafs. ‘

them, for ought we could plinly fee, after
the ordinary manner; only when the air was
let in again, there feemed to be fome little
(and but very little) rifing, at leaft, in one of
the pipes. . In this trial, this ph&nomenon
was noted ; that though there appeared no
bubbles at all in the veffeled fpirit of wine,
(notwithftanding that we continued to pump,)
yet there did for a pretty while arife bubbles
in that part of the liquor, that was got into

the flender pipes ; which I gueffed to proceed
from the futentation (in part) of the {pirit of
wine, made by the infide of the pipe, whercto
it adhered. '

EXPERIMENT XXVIL

About the great and feemingly fpontancous afeen-
JSion of water in a pipe filled with a compact
body, whof; particles are thought incapable of

 imbibing i, :
T T PON occafion of the (feemingly) fpon-

tancous afcenfion of water in flender
2

WHEREFORE taking afterwards another
tube, and fome miniym carefully prepared, I
profecuted the experiment, fo as to make the

water rife in the pipe about 40 inches above

the furface of the ftagnant water, | guefled it
had rifen higher, bu, by reafon thatat the up-
per part of the minium’ the difference of co-
lour was fo fmall, as not to be eafily difttin-
guithable with certainty, I forbore to allow a
greater height to the afcenfion of the water :
nor could I, where I then was, much promote
the experiment, for want of fuch accommoda-~
tions as I defired 5 but about the experiment,
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as I tried it, I fhall take notice of the follow-
ing particulars, , v
I tried fome other powders befides red lead,
(as beaten glafs, pieces of fine fpunge, putty,
&ec.) but did not find any of them do fo well;
which fuccefs was yet perhaps but accidental,
and therefore the trial may be repeated, efpe-
cially with putty, becaufe that being a metal-
line calx as well as minium, confifts of very
{mall grains, and by reafon of its great white-
nefs, receives a greater change of colour by
wetting, than minium does; in which, efpe-
cially if it be very fine, the difcoloration, that
water makes towards the upper part of the
tube, is fometimes not fo ealy to be clearly
difcerned. }
2. I did indeed endeavour to reriedy this
inconvenience, by ufing, inftead of meer wa-
ter, tincted liquors, as ink, tinGture of faffron,
&ec. but they feemed not to rife near fo high
as water alone, as if the diffolved ingredients
did by degrees choak the pores of the mi-
pium. ~
3. To have the grains of our powder moré
minute, and the fmaller intervals between
them, I chofe not only to ufe the fineft fort
of minium I could procure, but alfo to fift
it through a very fine fearce, and to put it but
by little and little into the tube, that by ram-
ming it from time to time, it might be made
to lie the clofer ; which expedients fucceeded
notill. ,
4. It feemed by a trial or two (for I ani
fot fure the obfervation will always hold,) that
if the tube were very flender, (as about the big-
nefs of a fwan’s quill,) the experiment ficceed
ed not well,
5. It may be worth while to obferve, in
what times the water afcends to fuch and fuch
heights ; for at the beginning, it will afcend
much fafter than afterwards, and fometimes it
will continue rifing 24 or 30 hours, and fome-
times perhaps much longer.
6. ONE of the fcopes I propofed to my felf
in this experiment was to difcover a miftake
in the explication, that fome learned modern
- writers have given us of the caufe of filtration ;
for, whereas they teach, that the parts of filtre,
that touch the water, being fwelled by the
ingrefs of it to their pores, are thereby made
to lift up the water, till it touch the fuperior

~ parts of the filtre, that are almoft contiguous to
them; by which means, thefc being alfo wet-
ted, and fwelled, raife the water to the other
neighbouring parts of the filter, till it have
reached to the top of it, whence its own gra-
vity will make it defcend. But in our cafe,
we have a filter made of folid metalline cor-
pufcles, where it will be very hard to fhew;
thatany fuch intumefcence is produced, as the
recited explication requires.

7. WaTEralcendsfofewincheseven in very
flender pipes, as to feem much to favour their
judgment, who difallow the conjecture lately
entertained by fome ingenious men, (particu-
larly Mr. H.) about the raifing of the fap in
trees, after the like manner, that water is raifed
in flender pipes. But without fully delivering

yet my thoughts of that fpeculation, I may
VoL mL° P - d

take notice, that in the laft tryal above recited;
I made water to afcend near, if not above, 3
foot1; and if, by fo flight an expedient, wa-
ter may be made to rife as high as is neceflary
for the nutrition of fome thoufand of plants,
(for fuch a number there is, that exceed not
3 foot 2 in height) one may without abfurdity
atk, Why it is not poflible; that nature; or
rather the moft wife author of it; may have
made fuch contrivances in plants; as to make
liquors afcend in them, to the tops of the tall-
eft trees ; efpecially fince, befides divers things
that we may already fufpect, (as heat; and
fomething equivalent to well placed valves)
many others, that perhaps are not yet dreamt
of, may probably concur to the effeét: .

8. As I formerly made, by bending the
flender pipes we have been talking of, thort
fiphons, through which the water runs, without
being at firft affifted by fu&ion? fol thogght
fit to try, whether I could not in larger pipes,

by the help of minium, make much longer

fiphons:  But though when the orifices were
turned upwards; fine minium were rammed
into both the legs, and the orifices were both
of them clofed ; yet when they came to be a-
gain turned downwards, the weight of the
minium would fomewhere or other (and, for
the moft part, at, ornear; the flexure) make
fome fuch chink, or difcontinuation, s to hinder
the farther progrefs of the water. Which im-
pediment, though I judged it fuperable e-
nough, (efpecially by making, at the flexure;
a little pipe or focket;” by which both legs
might be clofely filled) yet for want of ac-
commodations and leifure, it was left unfur-
mounted. Upon which account alfo;, 1 d1d
not fatisfy my felf about the fuccefs of fome
former tryals, asof the afcenfion of water n-
to pieces of ‘wood of differing forts; . the ope-
ration of the viciflitudes of the fun’s beams;
and the abfence of them, upon liquors af-
cending in tubes filled with minium, &c. .

9. WrETHER the preflure of the outward
air be the caufe of the afcenfion of liquors in
our tubes; furnithed with minium, 1s a pro-
blem; in order to whofe folution, I could ac-
quaint your lordfhip with a contrivance, where-
withto make fome trialsin our engine. Butf{ince
it can fcarce be well deferibed without many
words, unlefs you exprefs a particular curiofity
to know ir, I fhall not trouble you with it :
and the rather; becaufe the beft way I know
of examining this difficulty belongs to the
fecond part of this Continuation, where men-
tion is made of an attempt about it, whick
did not, I confefs, difpleafe me.

EXPERIMENT XXIX.

Of the feemingly [pontancous afcenfion of ~ falts.
along the fides of glaffes, with a conjeliure at
the caufe of it.

O the fame caufe, or the like, with that

of the afcenfion of water, in flender
pipes; may be probably referred an odd phe-
nomenon, which, though I remember not to
have been mentioned by any chymical or o-
ther writer, I have nif unfrequently obfervai;
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asin trials purpofely made

as well by chance,
y and others, about the truth

to fatisfy my felf,
of it. . .

Tue phenomenon, 1n thort, was tl_u‘s. That
having, in wide mouthed glaffes, (which fhould
not be very deep) expofed to the air a ftrong
folution of common fea-falt, or of vitriol, which
reached not, by fome inches, to the topof the
glafs s and having fuffered much of the aque-
ous part to exhale away very flowly, the co-
agulated falt would, at length, appear to have
lined the infide of the glafs, and to have af-

~ cended much higher, not only than the place

where the furface of the remaining water then

" tefted at, but than the place, to which the

liquor reached, when it was firft poured in.

And if the experiment were continued long e--

nough, I fometimes obferved this afcenfion
of the falt to amount to fome inches, and that
the falt did not only line the infide of the
glafs, but, getting over the brim of it, cover’d
the outfide of it with a faline cruft: which
made them, that faw how little liquor remain’d
in the glafs, admire how it could poflibly get
thither.

Anp though I have mentioned but the fo-
lution of vitriol, and fea-falt, becaufe they are

- much eafier than others tobe procured, and yet

the experiment fucceeds better in them than in
fome other far lefs parable falts ; yet they are
not the only ones, by whofe folutions the re-
cited pharnomenon may be exhibited.

As for the caufe of this odd effe@, though
I thallnot propofe any thingabout it withconfi-
dence, till I have further inquired into it, and
efpecially till T have. tried, whether the phe-
nomenon may be produced in an exhaufted re-
ceiver 3 yet by what I have hitherto obferved,
T am inclined to conjeéture, that it may be re-
ferred to fuch a caufe as that of the afcenfion

olf liquors in pipes, after fome fuch manner as
this, -

FiwrsT, 1 obferved, that in water, and a-
queous liquors, that part of the furface, which
is next the fides of the glafs, is (whatever
the reafon of it be) fenfibly more elevated
than the reft of the fuperficies ; and, if very
little clippings of ftraw, or other fuch minute,
and light bodies, floating upon the water,
chance to approach near enough to the fides of
the glafs, they will be apt (which one would
not expect) to runup, as it were, this afcent
of water, and reft againft the fides of the
glafs,

NexT we may take notice, with the falt-
boilers, and chymifts, that fea-falt is ufually
wont to coagulate at the top of the water, in
fmall and oblong corpufcles, fo that as to thefe,
it is eafy to«conceive tothem, that have confi-
dered the firft obfervation, how numbers of
them, may faften themfelves round about to
the infide of the glafs. And befides fea-falr,
I have found by trial divers others, if their
Tolutions be flowly enough evaporated, that
will, whilft yet there remains 2 good propor-
ton of liquor, afford faline concretions at the
top of the water, And the faftning of faline
pacticles to the fides of the glafs may perhaps
be promoted by the coldnefs, that may be com-

municated to the corpufcles contiguous to th®
glafs, by reafon of the coldnefs, which the glafs
may be fufpeted to have, upon the feore of
its denfity, in comparifon of water. Butto
proceed : 1 confider, that by the evaporation
of the aqueous parts of the folution, the fur-
face of the remaining liquor muft neceffarily
fubfide, and thofe faline particles, that were
eontiguous to the infide of the glafs and the
more elevated part of the water, having no
longer enough of liquor to keep them diffolved,
will be apt to remain fticking to the fides of
the glafs, and upon the leaft farther evapora-
tion of the water, will be a little higher than
the greater part of the fuperficies of that li-
quor ; by which means it will come to pafs,
that, by reafon of the little inequalities, that
will be on the internal furface.of the adhering
corpufcles of the falt; and perhaps alfo on the
internal fuperficies of the glafs, there will be -
intercepted between the falt and the glafs little
cavities, into which the water contiguous to
the bottom will afcend or be impelled, upon
fuch an account as that, whereon it is raifed in
flender pipes. And when the liquor is thus
got to the top of the falt, and comes to be ex-
pofed to the'air, the faline partmay, by the e-
vaporation-of the aqueous, be brought to co-
agulate there, and confequently to increafe the
height of the faline film, if I may fo call it
which, by the like means, may be at length
brought to reach to the very top of the glafs,
whence 1t may eafily be brought over to the
outfide of the veflel, where the natural weight
of the folution will facilitate its progrefs down-
wards ; and the fkin of falt, together with the
contiguous furface of the glafs, may, at length,
conftitute a kind of fiphon.

To this explication it agrees well, that I
have ufually obferved the faline film hitherto
mentioned to be with great eafe feparable from
the glafs in large fleaks; which argues,  that
they did not ftick clofe to one another, except
in fome few places, but had-a thin cavit
intercepted between them, through which the
water might afcend.

Nor is it repugnant to this explication, that
in cafe the water afcended, it fhould, as it
feems, diffolve the falt.  For the liquor being
already upon the point of concretion, is fo
glutted with falt, that it can diffolve no more.
Whence we may alfo render a reafon, why,
when the faline film chances to reach to the
outfide of the glafs, the liquor divers times
does not run down to the bottom, butis co-
agulated by the way. And I have alfo had
a {ufpicion, (though I could not feafonably take
notice of it before now,) that when the concre-
tion is once begun, the film may be raifed and
propagated, not only by the motion of the
liquor between the infide of it and the glafs;
but by the fame liquor’s infinuating it felf on
the outfide of the film into the fmall chinksand
crevifes, intercepted between the faline corpuf:
cles, asink (efpecially if fomewhatthin)rifes into
the flit, and along the fides of the nib of a pen,
though nothing but its very point be dipt in
the furface of the liquor. And by this means
the impregnated folution may, asit were, climb

up
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tp to the top of the filine concretion, and by
coagulating there add to its height.

Somz other circumftances I have noted of
our phenomenon, that agree with the pro-
pofed explication ; but perhaps it would not
be worth while to fpend more time about it.
Not to examine here; whether what hasbeen re-
lated, fo as to make it probable, that afcend-
ing water may carry up wherewithal to heigh-
ten and increafe the pipes, or veflels; through
which it rifes, may contribute any thing more
than was fuggefted in the former 28th ex-
periment, towards the explication of the rifing
and diffufing of the fap in trees.

EXPERIMENT XXX.

About an attempt to meafure the gravity of cy-
linders of the atmyfphere, fo as that it may be
expréffed by known and common weights.

W’HILST I was making the former ex-

¥ periments, it was more than once my
wifh, that by knowing the jult weight of a
cylinder of quick-filver of a determinate dia-
meter, and of 29 or goinches high, which is
near the height, that the air does ufually coun-
terballance, I might the better eftimate the
weight of a cylinder of the atmofphere of
that diameter, and confequently make the
better guefles, how near the effeéts of the
fpring of the air, as well as of its weight, pro-
duced by the help of our engine, approached
to the utmoft of what might have been expect-
ed, in cafe all the inftruments employed had
been perfet, and all concurrent circumftances
had been favourable. And upon this account,
I feveral times regretted my want of a long
inftrument of fteel, or hardned iron, wherewith
I many years fince made an obfervation, that
was more carefully regiftered than preferved,
of the weight of a mercurial cylinder of a de-
terminate height, as well as diameter ; which
weight I did not think fo fafe to determine
by the help of glafs tubes, becaufe itis very
difficult to have them uniformly cylindrical,
and to know that they are fo, in regard that
they are formed but by blowing and drawing
out; and, befides the inequality, that may hap-
pen to the cavity upon other accounts, it is
very difficult to make the fides of the glafs
equally thick, and to examine whether they be
fo, orno. -

BuT, at length, lighting upon (what I had
too often wanted in the foregoing experiments)
a dextrous artificer, that chanced to come for
a while to the place where I then was, Iendea-
voured to repair my lofs, as well as he could
help me to do it,. by caufing him to turn very
carefullya cylindrical piece of brafs, of an inch
in diameter, and 3 inches in length, and open
(that it might be the better wrought) at both
ends, to one of which was exactly fitted a flat
bottom of the fame metal, faftned very clofe
to it with little fcrews on the outfide ; this be-
g judged a better way, than if it had been
turned all of a piece.

Tuis inftrument being diligently counter-
poifed in g trufty pair of fcales, was carefully
filled with mercury, which (for greater cau-

tion) we took out of a new parcel, that we
had not yet employed about other experiments,
and finding it to weigh 17 ounces, 1 dram,
45 grains, Troy weight, (or r37 drams 45
grains) multiplying that by 10, there will come
tor the weight of a mercurial cylinder, of one
inch in diameter, and 30 inches in height, (and
fo high I have divers times feen the mercury
to be ina good barometer) about 14.2 Ib.
(i. e. 14 Ib. 2 ounces, and above three drams,

Troy weight ;) and almoft 11.8 Ib. Avoirdu-*

poize weight (i. e. 11 Ib. 12 ounces, and a-
bove 6 drams) which is a greater weight, than;
without fuch a trial, one would eafily imagine,
that {o fhort a cylinder of mercury, and much
lefs that a cylinder of fo light a body as air,
being neither of them above an inch diameter;
could amount to.

Nortr firft; to examine at the fame time
the weight of the mercury, and its proportion
to water; we did, before the mercury was
poured into the brafs-veffel, fill it with water,
(after which, we wiped it dry before the mer-
cury was put iritoit;) and this liquor weighing
10 drams, and 15 grains, the proportion be-
tween the mercury and the water appeared to
be that of 13 %% to 1 : which, though it feem
fomewhat of the leaft, yet your Lordihip may
remember; that I formerly told you, I had fe-
veral times found the received proportion of
14 t0 1, between mercury and water, to be
fomewhat too great; and befides that, ‘ina
veflel; whofe orifice was no lefs than an inch in
diameter; it is exceeding difficult to be fure; when
it is precifely full, either of water; or mercury;
becaufe the former has a fuperficies confidera-
bly concave, and the the other one, that is no-
tably convex ; and though we ufed fome little
artifices (which would be troublefome here to
mention) to eftimite the protuberance of the
one liquor, and the deficience of the other, as
near the truth as could be, yet Iam not fure,
but there may have been a few mercurial cor-:
puicles more than there thould have been, and
that confequently fome fmall abatement may
have Been made, of the weight newly attributed
to the whole mercurial cylinder of 30 inches:

2. I had thoughts of making ufe of the
barrel of a gun, of a convenient length, to
find the weight of a mercurial cylinder of 2 foot
and £ ; but I preferred the inftrument already
made ufe of (efpecially not being where I could
have one bored after a peculiar way) not only
becaufe I could not meet withone, whofe dia-
meter was jult an inch, and confequently as
convenient for calculations, and becaufe that
the barrels of guns are often bored a little
tapering; but becaufe a fkilful artificer confef-
fed to me, that they fcarce ever bore fuch
barrels, but with a four-fquare bit (as they call
it,) which leaves the cavity too angular, ortoo
umperfectly round ; whereas if an hexahedrt-
cal bit be imployed, it will, as he affirmed,
make the cavity almoft as cylindrical, as can
be reafonably defired. 1 fay nothing here of
making ufe, for our purpofe, of a trunk, as
they call a hollow cylinder of wood, becaufe
I elfewhere thew; that wood (at leaft, fuch as

the trunks to thoot pellets with are wont to be:

2 made
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made of) isnot of a texture clofe enough for
fuch an ufe. ) ) ’

3. BEcAUSE In cylinders of mercury, 30
inches is a height, which the atmofphere is fel-
dom heavy enough to be able to counterpoife ;
and becaufe 29 inches is fomewhat nearer the
middle ‘between the greatelt and the leaft
heights, at which Thave obferved the mercury
at differing times to ftand in good barome-
ters.  Your lordthip may, if you pleafe, abate
a thirtieth part of the weight afligned above to
a mercurial cylinder of 30 inches, (though I
take 29 and %, or thereabouts, to be fome-
what a more ufual heightof the mercury, than
precifely nine and twenty.) _ ' .

4. TuE weight of a mercurial cylinder in
an =quilibrium with the atmofphere, and of
one inch in diameter, being thus fettled, we
may, by the help of the dottrine of propor-
tions, and a few propofitions, efpecially the
14th’of the 11th book of Euclid’s Elements,
eafily enough calculate the weightof a cylin-
der of mercury of another diameter, and con-
fequently the force of the preffure of an at-
mofpherical pillar of the fame diameter. For
fince according to the forenamed r4th propofi-
tion of the 11th, cylinders of equal heights are to
one another as'their bafes ; and fince by the fe-
cond propofition of the fame 11th element, cir-
cles (fuch as are the bafes of cylinders) are toone
another, as the fquares of their diameters ; and
fince lattly, we fuppofe, - that mercury being a
homogeneous body, at leaft as to fenfe, the
mercurial cylinders' will have the fame propor-
tion to each other in weight, that they have
in bulk; fince, I fay, thefe things are fo, if,
for inftance, we defire to know, what will be

the weight of a cylinder of go inches high,.
- whofe diameteristwo inches, the rule will be this,

As the {quare of the diameter of the ftand-
ard cylinder, (as I call that, whofe weight is al-
ready known) is to the fquare of the diameter
of the cylinder propofed; fo will the bulk of
the former cylinder be to that of the larter, and
the weight of that to the weight of this.

Accorping to which rule, the fquare of
one inch (which is the diameter of the ftandard
cylinder) being but one, (whereby your lord-
thip may perceive, how much the meafure I
pitched on facilitates computations,) and the
fquare of two (which is the diameter of the
propofed cylinder) being four, the bulk, or
folid contents of this latter cylinder, and con-
fequently its weight, will be four times as great
as thofe of the ftandard cylinder ; and fo, fince
the leffer has been already fuppofed to weigh
11.81b. avoirdupoife, the mercurial cylinder
of two inches in diameter, will weigh 4.2 Ib.
of the fame weight,

EXPERIMENT XXXL

About the attrattive virtue of the loadfione in

an exhaufted receiver,

OME learned modern philofophers, that
have attempted to explicate the caufe and
manner of magnetical attraction or coition,
gwve fuch an account of it, as fuppofes, that

the air between the two magnetical bodies,
2

‘the loadftone : wherefore,

being driven away by their effluviums from be<
tween them, prefles them on the parts oppo+
fite to thofe, where the contaét is to be made ;
and upen fome fuch feore (for I muft not now
ftay to deliver their theories circumftantially)
the air is fuppofed to contribute very much to
the attration and fuftentation of the iron by
partly to examine
this opinion, and partly for fome other pur-
pofes (not neceflary now to be mentionet) we
thought fit to make the following experiment.
WE took afmall, but vigorous loadftone,
capped and fitted with a loofe plate of fteel,
fo thaped, that when it was fuftained by the
loadftone, we could hang at a little crook,
that came out of the midft of it, and pointed
downward, a fcale, wherein to put what weights
we fhould think fit. Into this fcale we put fome-
times more and fometimes lefs weight; and then
by thaking of the loadftone as much as we guef~
fed it would be fhaken by the motion of the en-
gine, we found the greateft weight, that we pre-
fumed it would be able to fupport, in {pite of
the agitation it would be expofed to, which
proved to be, befides the iron-plate and the .
feale, fix ounces Troy weight, to which if we
added half an ounce more, the whole weight
appeared 100 eafy to be thaken off, This
done, we hung the loadftone, with all the
weight it fuftained, at a button of glafs, which
we had procured to be faftened on to the top
of the infide of a receiver, when it was firft
blown; and though, in about 12 exfuttions,
we ufually emptied fuch receivers as much as
was requifite for moft experiments yet this
time, to exhauft it the more accurately, we
continued pumping, till we had exceeded twice
that number of exfu@ions; at the end of which
time, fhaking the engine fomewhat rudely,
without thereby fhaking off the weight that
hung at the loadftone, the iron feemed to be
very near as firmly fuftained by it, as before
the air began to be’ pumped out. I faid ve
near, rather than altogether, becaufe that the
withdrawing of the air, though it be not fup-
pofed to weaken at all the power of the loag.
ftone precifely confidered, yet it muft leflen
its power to fuftain the fteel ; becaufe this in
fo thin a medium muft weigh heavier, than
in the air, by the weight of as much air, as
is equal in bulk to the appended body.
SomE other magnetical trials (and alfo
fome electrical ones) I remember I attempted
to make by the help of .our engine; but not
having the notes I took of them now at hand,
I thall fufpend the mentioning them, till I

can give your lordfhip a more punétual account
of them, ‘

EXPERIMENT XXXIL

Shewing, that when the preffure of the external
air is taken off, it is wvery eafy to draw up
the fucker of 4 Jringe, though the kole, at
which the air of water fbould fucceed, be
Sropped. .

" YAVING taken notice, that fome learned
I I oppofers of the modern do@rine about
the weight of the atmofphere think themfelves

more
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fnore than ordinarily befriended by the difficul-
ty we find in drawing up the embolus, or
fucker of a fyringe; when the hole, at which
the air or water fhould fucceed, is ftopped,
and by the violence; with which, as foon as it
is let go, it is, as they imagine, drawn back:
And fuppofing the reafon of this confidence
of theirs to be, that men have not yet been
able in thefe phznomena (as in fome others)
to prove the intereft of the atmofphere’s gra-
vity by direct or confefledly analogous experi-
ments ; 1 prefumed it will not be unwelcome
to your lordthip, if I here fortify the fpecula:
tions, that have been, or may be propofed to
explicate thefe things according to the hypo-
thefis of the weight of the air, by what we
tried to that purpofe, among others, when we
were making ufe of a fyringe in our engine.

The FirsT TRrR1AL.

W e took a {yringe of brafs, (that metal
being clofer and ftronger than pewter, of which
fuch inftruments are ufually made,) being in
length (in the barrel) about fix inches, and in
diameter about one Inch #; and having, by
putting .a thin bladder about the fucker, and
by pouring a little oil into the cavity of the
cylinder (or barrel,) brought the inftriment to
be ftanch enough, and yet the fucker to move
to and fro without much difficulty, we thruft
this to the bottom (or bafis) of the barrel to
exclude the air; and having unfcrewed, and
laid afide the flender pipe of the fyringe (which
in this and fome other trials, was like to prove
not only needlefs, but inconvenient) we care-
fully ftopped the orifice, to which the pipe in
thefe inftruments is wont to be fcrewed, and
then drawing up the fucker, we let it go, to
Judge by the violence, with which it would be
driven back again, whether the fyringe were
light enough for our purpofe ; and finding it
to be fo, we faftened to the barrel a ponderous
piece of iron to keep it down, and then faften-
ng to the handle of the rammer (or axle-tree
of the fucker) one end of a ftring, whofe other
end was tied to the often:mentioned turn-
ing key, we conveyed this fyringe; and the
weight belonging unto it, into a receiver ; and
having; pumped out the air, we then began to
turn the key, thereby to fhorten the ftring
that tied the handle of the fyringe to it ; and,
as we foretold; that the preflure of the airy
fately included in the receiver; being with-
drawn, we fhould no more find the wonted re-
fiftance 1n drawing up the fucker from the bot-
tom of the cylinder, fo we found upon trial,
that we could very eafily pull it up without
finding any fenfible refiftance.

How e v E R, having thought fit to repeat
the experiment, (which we did with the like
fuccefs,) left it might be objefted, that this
want of refiftance might proceed, as partly
from our employing the turning key to raife
the fucker, {o principally from fome unper-
ceived leak, at which the air may be fuppofed
to have got into the cavity of the cylinder; I
thought fit not only to examine by trial, after
the receiver was removed from off the pump,
whether the fyringe were not ftanch, (upon

which I found, that I could not, without fome
Vou. UL - :

ftraining; draw up the fucker even a little way;
and that it would be violently beaten back
again,) but alfo in one of thefe experimentd
to make this variation ; that when the receiver
being exhaufted; we had drawn up the fucker
almoft to the top of the barrel, by fiich a ftring
as was purpofely chofeti fomewhat weak, we
kept the parts of the fyringe in that pofture;
till we had open a paflage to the ourward air;
upon whofe  ingrefs the fucker was”(as we in-
tended it fhould be) o forceably depreffed,
that it broke the ftring, by which it was tied
to the turning key, and ‘was violently driven
back to the lower part of the bairel, and that
notwithftanding thefe two difadvantageous cii-
cumftances ; one, that the ftring was not {o
weak, but that one, whom I employed to
try it before it was faftened to the fyringe,
made it fuftain a lump of iron, that weighed
between four and five pounds ; and the other;
that yet this ftring was broken long before all
the air, that flowed in to fill the receiver, had
got in: fo that the preffure of all the admitted
air would doubtlefs have broken a much
ftronger ftring, if we had employed fuch 2
one to refift the depreflion of the fuckesy
which will yet bé more evident by a pheeno-
menon of our fyringe, that I fhall prefently
have occafion to relate.
The Seconp TRIALS
Containing a variation of the foregoing.

W took the fyringe employed in the fore-
going experiments, and having found by trialy
that it was, though not perfectly, tight, nor al-
together fo much fo as before, yet enough o
for our prefent purpofe, (fince, when the ori-
fice of the vent in the bafis was ftopped, if the
fucker were more forceably drawn up a little
way, and then let go, it would haftily return;
or rather violently be impelled back towards
the bottom of the barrel) we made it ferve us
as well as we could for the following experi-
ment. Of this fyringe we did very carefully
with a cork and our cement clofe the vent ; and
then having tied to the barrel of the {yringe a
weight, that happened to be at hand (and to a-
mount to two pound, and as many ounces) we
fufpended the rammer of the fyringe by a

ftring in a large receiver 5 and then caufing the

pump to be applied, we made 11 or 12 eX-
futions of the air, without any appearance of
change in the fyringe. But becaufe I had
judged the above-mentioned weight fufficient,
and fuppofed, that the little air {till remaining
in the receiver had yet too ftrong a prefiure to
be furmounted by it, Icaufed the pumping to
be continued, and within two or three exfuc-
tions more I perceived the cylinder to begin to,
be drawn down, though but very {lowly, by
the weight hanging at it (affifted by its own
gravity:) and hkewife tried (after having pur-
pofely ftopped a-while the working of the
pump) that juft upon a freth fuck the defcent
would be manifeftly accelerated: And when
we had fuffered the barrel and weight to flide
down as far as we thought fit, we let in the
external air, which, as was to be expeéted,
raifed them both again’ much fafter than they
had fubfided. .

M N.B.

4%
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N.B. Tuere would not have heeded any
thing near fo great a weight to deprefs the bar-
rel of the fyringe, but that it is difficult in fuch
an inftrument to make the. fucker fill it accu-
rately enough, without making it fomewhat
uneafy to be moved to and fro. Upon which
account it was neceflary, that a weight fhould
be added, not only to furmount the preflure of
the air remaining in the receiver, (which was
not, nor needed to be diligently exhaufted in
this experiment) but to overcome that re-
fiftance, which we juft now noted the inequa-
lities of -the infide of the cylinder, and thofe
of the fucker to give to the motion of the one
in or over the other. And yet for all this it
is not eafy, though it be not impoﬁ”lble,' to
make one of thefe fyringes very tight, efpecial-
ly when the nofe is well ftopped, and the
fucker drawn up ; there being often fome little
air, that ftrains in between the fucker and the
barrel, and fome that will be harboured be-
tween the fucker, though thruft home, and
the bottom of the barrel, befides what may
lurk between the fame fucker and the cork that
ftops the orifice of the vent. Nor were we
confident, that our fyringe did not at length
let fome aerial particles infinuate themfelves in-
to the cavity, which the deprefiion of the bar-
rel had made betwixt the bafes of that barrel
and the fucker : and in fuch cafes we ought not
to wonder, 'if upon the return of the air the
barrel and weight be not impelled up altoge-
ther to the fame height they refted at, when
they were firft fufpended in the receiver.

2. It agreed very well with our do&rine,
that as the cylinder and weight began not to
fall, till a great quantity of air had been
pumped out of the receiver, fo they did not
begin to move upwards prefently upon the
freedom, that was allowed the air to return into
the receiver,  For till it had continued 2 pretty
while flowing in, there was not enough of it
entered toreftore by its preffure the cylinder and
the annexed weight to their former fituation.

3- ‘WraT hasbeen delivered about our ex-
periment may be confirmed by this variation,
which we made of it; that having fubftituted
a far heavier weight inftead of that lately men-
tioned, the depreflion of the barrel of the {y-
ringe fucceeded two or three times one after
another much fooner than formerly, viz. about
the fixth, or, at moft, the feventh exfuction.

EXPERIMENT XXXIIL

About the opening of a fyringe, whofe pipe was
Sopped in the exbaufted receiver, and by the
belp of it making the preffure of the air lift
up a confiderable weight.

"HOUGH the trial I am about to relate
§ had notall the fuccefs I defired, yet per-
haps it will not be impertinent to make men-

- ton of it, becaufe there is not any fort of ex-

Periments, that is wont fo much to perfuade
the generality of fpectators of the great force
Of the preflure of the air, as thofe, wherein
they plainly fee heavy and folid bodies made
to afcend, (upon the operation of the air on

them) without freing any other thing lift
them up, 2 ‘

WE took the often mentioned fyringe, and
having clofed up the hole at the bottom with
good cement, we tied to the barrel a hollow
piece of iron, that ferved us for a frale, into
which we put divers weightsone after another,
trying from time to time, whether, when the
fucker was forceably drawn up, and held fteadi-
ly in its higheft ftation, the weight tied to the
barrel (which was held down; whilft the fucker
was drawn up, and afterwards let go) would be
confiderably raifed. And when we perceived;
that the addition of half a. pound, or a pound
more, would make the weight too great to be

fo raifed, we forbore to put in that increafe of Sele 11’?Iiate'z .
weight; and having tied the handle of the V1-F&%
.rammer to the turning-key,

we conveyed the
fyringe, together with 1ts clog, into a receiver,
out of which a convenient quantity of air being
pumped, we were thereby enabled eafily to
draw up the {ucker without the cylinder; after
which having let in the air, the by-ftanders
concluded, that the weight was raifed a little,
which yet I would not have allowed, if we had
not been able, by inclining the engine and the
receiver, to make the fyringe and weight a
little to fwing, But to make the effe@ more
evident, I caufed a two pound weight to be
taken out, and then the receiver being fome-
what exhaufted, and the air re-admitted, the
clog, when all the air was come in, was fiifi]
raifed, and as it were fhatched up from the
middle to the upper part of the {ufpended
rammer. o

It isno eafy matter to meafure, with any
certainty and exetnefs by a fyringe, the weight
of an atmofpherical pillar equal to it in diaraes
ter, efpecially if there be any imperfeCtion in
the fyringe, either becaufe the fucker does not
go clofe enough, in which cafe it can fcarce be
ftanch, or becaufe by its preffure againft the
infide of the barrcl, which often happens if it
be too clofe, it hinders the fucker and barrel
from fliding without refiftance by one another,

- and confequently there is an undue refiftance

made to the endeavour of the atmofphere, to
raife the barrel and weight, And therefore,
though our fyringe being, upon the account of
fome ill accident, lefs in order than it Was in
fome of the foregoing experiments, I muft
not conclude, that a cylinder of the atmofphere
of the fame widenefs with it is equipollent to
no greater a weight, than that which was taken
up in our trial, yet we may fafely conclude, that
fo flender a pillar of the atmofphere is able to
raife by a fyringe at leaft fuch a weight, as in
our experiment it acually lifted up, which
amounted to above fixteen pounds (avoirdu-
poife weight,) for it exceeded fifteen pounds

and three quarters, befides the weight of the
fyringe’s barrel itfelf,

EXPERIMENT XXXIV.

Shewing, that the canfe of the afienfion of li-
quors in [ringes is 1o be derived from the
preflure of the air.

SHALL not here trouble your lordthip
with what I have elfewhere propofed about
the explicating of fu&ion : but as by the lately

recited
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recited experiments (I mean the 31, 32; and
33) it hasappeared, thatitis to the preffure of
the external air that we fhould afcribe ‘the
difficulty of drawing up the fucker of a fyringe,
when the pipe or the vent is ftopped; fol
{hall now endeavour to fhew, that the afcen-
fion of liquors, which follow the fucker when
it isdrawn up, the pipe being open, depends
alfo upon the preffure of the air, incumbent
on that liquor. ‘

Ir I had been furnithed with very tall re-
ceivers, and fuch other glaffes, asI could have
wifhed, I had tried the following experiments
with water, as well as quick-filver ; but for
want of thofe accommodations, I was reduced
to make my experiment with the latter only
of thofe liquors, which yet will, Thope, fuf-
ficiently make out what was intended.

The FirsTt TryAL,

. We took a {mall receiver, fhaped almoft
G Plate like a pear, cut off horizontally at both ends,
VILFig.2. (being the fame capped glafs, that is elfewhere
whichtho’ mentioned in the accounts of other experi-
’;ﬁﬁypgr ments:) we alfo took the fyringe formerly de-
the 39 ex- fcribed, and, having faftened on toit, with
periment, good cement, inftead of its own brafs-pipe, a
i‘i‘;)t’efa‘;;e {mall glafs-pipe, of about half a foot in length,
conceiv. We put this fyringe in at the narrower end of
ingof ' the receiver; to whofe orifice was afterwards
this. carefully cemented on the brafs-cap with the
turning-key, whereto was tied by a firing
the handle of the rammer. Then having con-
veniently placed upon the engine a very fhort
thick glafs, fhaped like a fugar-loaf, (which
was made ufe of, for want of a better) with a
fufficient quantity of quick-filver init; we o
placed the receiver over it, that the lower end
of the pipe of the fyringe reached almoft to
the bottom of this glafs, and confequently, was
immerfed a pretty way beneath the furface of the
quick-filver.  'We had alfo poured a little wa-
terin the upper part of the fyringe, that no
air might get in between the fucker and the
cylinder, notwithftanding that, by fome acci-
dentor other, the fyringe was become fomewhat
lefs tight than before.  And laftof all, we ce-
mented the receiver to the engine, after the
ufual manner. :

TuaT which now remained, being to try
the experiment it {elf, in order to which all
this had been done, the air was pumped out of
the receiver, (and .confequently out of the little
glafs that held the mercury) and then the fuck-
er being warily drawn up, we could not fee
the quick-filver afcend to follow it, thougha
little water, which, it feems, the outward air
had thruft in between the fucker and the cy-
linder, was either raifed, or ftopped in the
glafs-pipe of the fyringe, (whereof, yet much
the greateft part remained unfilled ;) of which
the reafon, according to our hypothefis, was
manifelt, namely, that the air being pumped
out of the receiver, the little that remained
had not firength enough to prefs up fo ponde-
rous a liquor as the quick-filver into the pipe,
(though even that little unexhaufted air might
have fpring enough left to raife a little water.)
And fince it appeared by this, that without

the preffure of the air; the quick-filver would
not be elevated, we thought it {eafonable to
thew, that, by the preffure of the air, it would.
Whereupon, the air being let lowly into the
receiver, the mercury was quickly impelled up,
at leaft, to the topof the glafs-pipe, (though,
by reafon of fome unperceived leak; it was
not long fuftained there. )

AND, for further fatisfaltion, when the ex-
periment was to be tried over again, we or-
dered it to be fo made, that might plainly be
obferved, that though, when, the recciver not
being yet exhaufted; the fucker was drawn up
but one inch, the mercury would be rdifed to
the upper part of the glafs-pipe of the fyringe,
yet after the exhaufting of the receiver; though
the fucker was drawn up twice as high, there
appeared no aftenfion of the mercury in the
pipe, whofe lower part only was darkened by
the little glafs, which contained that fluid
metal. , _

Berore I difmifs this experiment, I muft,
to make good a promife I made your Jordfhip;
acquaint you with a pheenomenon, which does
not a little confirm our doérine, according to
which, it was eafy both to forefee; and to
explain it ; the phanomerion was; that if;
when the air was diligehtly pumped out of the
receiver, the fucker were endeavoured to be
pulled up, it could not be fo, without much diffi-
culty and refiftance, fuch as was formerly found
when the vent of the fyringe was ftoppedy ~of
which in our hypothefis the reafon may be
clearly this ; that there being no common air
in the receiver, to affift by its preffure (whe-
ther immediate, or mediate) the raifing of the
fucker, this could not be raifed but by a force great
enough to furmont the weight of the external
air, or atmofpherical pillar that leaned upon It.
So that as the other phanomena of our expe-
riments manifeft, that the raifing of liquors by
a fyringe, which is commonly afcribed to attrac-
tion, depends upon the preffure of the airs fo
by this phaenomenon it appears, that the diffi-
culty of openinga fyringe, whofe pipe s fropped,
need not be attributed to fuch a fuga vacuz as
vulgar philofophers refer it to fince, in our
cafe, the fame difficulty was foupd, tbough thg
pipe were open, and the liquor it was immerfed
in might have had free accefs to the place de-
ferted by the fucker.

The Second TRIAL. v

Being a profecution of the former attemp?.

To vary as well as confirm the foregoing
experiment, we caufed the fyringe to be tied
faft to a competently ponderous body, that
might keep the cylinder unmov’d, when the
fucker fhould be drawn up.  We alfo cement-
ed on to the vent or fcrew at the bottgm_of
the fyringe, a pipe of glafs of about two inches
in length, (which fhould have been longer,
but that then there would not have been room
in the receiver, for pulling up of the fucker)
and having placed the heavy body, whereto
the fyringe was tied, upon a pedeftal of a con-
venient height, that the glafs-pipe might be all
feen beneath it, and a very low vial almoft

flled with quick-filver mught be fo placed
under=
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underneath the pipe, that the ftagnant mercu-
ry reached a good way above the immerfed ori-
fice of the faid pipe. Thefe things being thus
provided, and the handle of the fyringe’s ram-

mer being tied with a ftring to the turning-key,

that belonged to the brafs-cover of the recei-

ver, this veflel was cemented on to the engine,

and by it exhaufted after the ufual manner.

WHEN this was done, we looked upon the
{yringe’s glafs-pipe abovementioned, and be-
ing able to {ee through it, (whereby we were

~-certain, that it was not yet full of quick-filver)

we did, by the ftring, draw up the fucker to
a good height, but could not perceive the
pipe to be filled with any fucceeding mercury.
W herefore warily letting in fome air, we quick-~
ly faw the mercury impelled to the very top
of the pipe; and we concluded, from the
-quantity of quick-filver that was raifed, that a
pretty deal was alfo driven into the cavity of
the cylinder. :

~ N.B. I had once" before feen the mercury
afcend into the pipe, upon the letting in of
the air into the emptied receiver; but it feem-
ing fomewhat difficult to me to determine,whe-
ther the fucker had been raifed, becaufe there
was no mark to guide my eftimate by, I
thought it might be fufpeted, that in cafe the
fucker had not been raifed, the afcenfion of the
quick-filver might have proceeded from hence,
that the air contained in the glafs-pipe, break-
ing out through the ftagnant mercury upon the
«exhauftingof the receiver,the quick-filver might
-upon the return of the air into the receiver, be
prefled up into the place deferted by the air,
that broke out of the pipe. "Wherefore we
caufed a ftring to be tied about the rammer, as
near as we could to the top of the cylinder, by
which means, when the receiver was the next
time exhaufted, we perceived, that by drawing
up the fucker, we had raifed it about two
inches, if not more,and yet we could not difcern
any mercury to follow i, (the glafs-pipe fill
continuing tranfparent) until we had let fome
air return into the receiver.

Tr1s experiment, joined with thofe we
have formerly related to have been tried with
our fyringe, may teach us, that if a fyringe
were made ufe of above the atmofphere, nei-
ther the ftopping of the pipe would hinder the
eafy drawing up of the fucker, nor the drawing
up of the fucker, though the pipe were not
ftopped; would raife by fuction the liquor, which
the pipe was immerfed in,

PostscriprT.

Sinvce the laft recited experiment was
made, and written, finding fome of our in-
flruments to be in better order than they were
when that trial was made, we thought fit
to endeavour by that which follows, to repair
an omiflion or two, that formerly we could
not well avoid.

Having then caufed fuch a glafs-pipe, as
has been lately mentioned, to be well cemented
on to the fyringe, (whofe fucker did now move
more eafily, and vyet fill the barrel more ex-
altly, than before) I ordered (being to be ab-
fent for-a while myfelf) that the pipe fhould

be filled with fpirit of wine tined with coches
neal, that the liquor and its motions might be
the better difcerned, and that the pipe being
filled, that air might be excluded, which
would elfe be harboured in the pipe, which
caution was omitted in the foregoing experi-
ment. And this the perfon; to whom I com-
mitted it, affirmed to have been carcfully done;
though when he inverted the pipe thus filled
into the reft of the red liquor, that was put
into a vial, he could rict poffibly do it fo well,
but that a bubble of air got into the pipe, and
took up fome (though but a little) room there.
By that time I was called upon, to fee the
event of the trial, and could come to look up-
onit, the receiver was almoft quite exhaufted :
wherefore after I had made the pumping be
continued a little longer, and perceived, that
the tincted fpirit was fallen down out of the
pipe, and that which lay in the vial feemed

almoft to boil at the top, by reafon of- the

emerfion of numerous bubbles, I caufed the
fucker to be, by the help of the turning-
key, drawn up by our eftimate, about two -
inches and. a half, -notwithftanding which,
we could not perceive the fpirit of wine to rife
in the pipe, though the pumping were before
left off. For which reafon, I'ordered the air to
be let in very leifurely, upon which we could
Plainly fee, that the red fpirit was quickly driven
up to the top of the pipe ; and that it was fo
likewife into the cavity of the barrel, appeared,
when the receiver was removed, by the fmall
quantity of liquor, that remained in the vial,
and the plenty of it, which came out of the
fyringe. ‘

N.B. TrarT if I had not wanted dexterous
artificers, to work according to a contrivance
I had defigned, I had attempted to imitate,
by the help of the bare fpring of theair, fuch
experiments, as in the lately recited trials were
made to fucceed, by the help of the preffure

exercifed by the air upon the account of jts
weight, V

EXPERIMENT XXXV,

Shewing, that upon the preffure of the air de-

pends the ficking of cupping glaffes to the flefby
paris they are applied to, '

T is fufficiently known, that if the air within

a cupping glafs be rarefied by the flame of

tow, flax, or the like, burned for a little while in

it, and the glafs be prefently clapped upon fome

fiefhy part of a man’s body, - there will quickly

enfue a painful and vifible fwelling of the part
covered by the cupping glafs.

I is alfo known, that this experiment is
wont to be urged by the {chools, as a clear
proof of that abhorrence of a vacuum they
afcribe to nature ; for, fay they, the reafon of
this phaenomenon is plainly, that the internal
air of the cupping glafs, praternaturally rarified
by heat when the inftrument is applied, that
heat after a while ceafing, the fucceeding cold
muft again neceflarily condenfe the air; and fo
this contralted air being no longer able to fill
the whole fpace it replenithed before, there -
would enfue a vacuum, if the fleth covered by

2 the



Sece Plate
VLFig, 3,

touching the SPRING of the AiR.

the cupping glafs, or adjoining to it; did not
fwell into the cavity of it, to fill the place de-
{erted by the air: : o

Tnose moderns, that affert the weight of
the atmofphere, do thence ingenioufly endea-
vour to deduce the ph@nomenon. And indeed,
if to their hypothefis about the airs weight the
confideration of its {pring be added; it will be
eafy enough to explicate the phenomenon, by
faying, that when the cupping glafs is firft fet
on, though much of the air it formerly con-
tained were a little before expelled by the
heat, yet the fame heat, increafing the preflure
of the remaining air, is the caufe, that the ab-
fence of the air driven out of the glafs docs not
immediately occafion fo fenfible a pain: but,
when that-adventitious agitation of the included
air ceafes, that air having now, becaufe of the
paucity of its corpufcles; but a weak fpring,
can no longer prefs upon the part covered by
the cupping glafs near fo firongly, as the out-
ward air does by its weight prefs upon all the
neighbouring parts of the fleth: by which
means, according to what we have more than
once explicated already, fome of the yielding
fleth, or other body covered by the fkin, muft

‘be forceably thruft into the cavity of the cup-

ping glafs; where there is lefs preffure, than at
the outfide of it: And the fibres and ‘mem-
branous parts being thus violently ftretched,
there muft needs follow a fenfible pain as well
as tumour: Which tumour yet does not fill

“up the cupping glafs, not only becaufe of the

refiftance of the fkin to be fo far diftended, but
alfo, if the included air have not been much
rarified, becaufe of the {pring of the imprifoned
air, which grows fo much the ftronger, by how

‘much the fwelling fefh reduces the air into lefs
~yoom, as I have fometimes tried; byapplying a
‘cupping-glafs to quick-filver, or even-to water; -

which will rife in 1t but to a certain height.

Bu T though by this, or fome fuch explica-
tion, the argument urged by the {chools in
favour of the fuga wvacui may be fufficiently
enervated ; yet it fuited better with the defign
of this treatife, to propofe fome new experi-
ment, to illuftrate our hypothefis; and though
it feemed to be far more difficult to do it in re-
ference to cupping glafles, than to other fub-
jects, yetI pitched upon two different ways of
experimenting ; whofe fuccefs not difappoint-
ing me, I fhall now give your lordfhip an ac-
count of them.

WE took a glafs of about one inch and a
half in diameter, but a good deal longer than an
ordinarily thaped cupping glafs of that breadth
would have been, that there might be the
more room for the flame to burn in it, and
rarify the air. We alfo provided a receiver
fhaped almoft like a pear; this receiver was
open at both ends; at the fharper whercof
there was but a fmall orifice, but at the obtufe
end there rofe up a thort neck, whofe orifice
was wide enough to admit with eafe the newly
mentioned cupping glafs, without touching the
fides of it, and we were not willing it thould
be much larger, left it thould not be {o exactly
covered by the palm of the hand that fhould be

laid upon it, and left alfo the hand fhould be
Vou. lIL

broken or hurt by the too great weight of the
atmofphere; when the included air fhould be
withdrawn from under it. , o

Trzsk things being thus prepared, and the
fmaller orifice of the receiver being faftened
with cement to the engine, I caufed the cup-
ping glafs to be faftened, with the mouth up-
wards, to the palm of the hand of a youth,

— , >,
whom your lordthip may remember to have

feen with me, whofe hand feemed framed by
nature for this experiment, being broad, ftrong,
and very plump. And having pulled the glafs,
to try whether it ftuck well on, I caufed him
to put it into the receiver, and lay his hand
fo upon the orifice lately mentioned, that it
might ferve for a cover to it, and hinder any
air from getting in between them, N
THAT, which we prerended was, that the
recciver being but {mall (that it might be
quickly exhaufted, and {o not put the youth to
a long pain) upon an exfultion or two made
with the pump of the air about the cupping
glafs, the remaining air fhould have its prel-
fure {o far weakened; as notto be able to fup-
port the cupping-glafs ; efpecially fince if the air
without thecupping-glafs, but yet in thereceiver,
fhould be more rarified by the removal of thit
which had been pumped out, than the air in-
cluded in the cupping glafs was by the prece-
dent heat, this laft mentioned air having a
ftronger {pring (or tendency to expand itfelf )
than the external air of the receiver, the glafs
muft needs fall down, or rather be thruft off,
though, in cafe there had been no air at all left
in the cavity of the cupping glafs, the air n
the receiver would by its preflure fuftain a far
greater weight. ; L
Tuz event of our trial agreed very well
with our conjeéture. For upon” the firft fuck

-the cupping ‘glafs fell off, the weight of the

atmofphere prefling fo hard upon the young
man’s hand, that, though he be more than or-

“dinary ftrong, he complained he could very

hardly take it off the glafs it was almoft thruft
into, and; a while after, that his hand was ve-
ry fore. But this laft inconvenience became
not fo quickly very fenfible, but that we had
time to repeat our experiment, by faftening the‘
cupping glafs more ftrongly than before; fo
that he complained; that it drew in his hand
very forccably 5 and though that part be not
wont to be flethy, yet the tumour Qccaﬁoned'
by the cupping glafs was manifeft enough to
the eye: but as before, fo now, at the very
firft turning of the ftop-cock, to let out the air
of the recciver, the cupping glafs fell off:

EXPERIMENT XXXVIL

About the making, without heat, a cupping glafs
to lift up a great weight,

HE other experiment I lately told your

~ lordthip we had made, to illuftrate_our
do@rine about the caufe of the fticking of ap-
plied cupping glaffes, was tried after the fol-
lowmg manner. L
WE took the brafs-hoop or ring, menmoned

in the fifth and fixth experiments, and covered

it with a bladder, which was wetted to make .

it

4
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- we warily let ‘the ‘air into
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it the more limber, and was {o tied on to it (which
was eafy to do) that the bottom of the bladder
covered the upper orifice of the hoop, an-d was
ftretched, though not ftrongly, upon it, al-
moft like the membrane, that makes the head
of a drum; and the neck of the bladder was
tied with a ftring near the middle of the lower
orifice of the hoop, and in this lower part of
the bladder we made two or three fmall holes
for the air to pafs in and out at. Then having
placed at the bottom of the often mentioned
capped receiver a thick piece of wood, that
had a hole in it, to receive the neck of the
bladder, we fo placed the covered hoop upon
this piece of wood, that the upper part of the
bladder lay parallel to the horizon. This
done, we {ufpended, at the turning-key be-

‘longing to the cap of our receiver, a blind

head, as chemifts call it, of glats, which for
want of a true cupping glafs we were fain to
fubftitute, and which indeed was not very un-
like one either for fhape or fize ; and to the
upper part of this glafs we faftened a large ring
of metal, the better to deprefs it, and make it
lean ftrongly on the bladder. '
THESE things being thus made ready, and
the recciver cemened on to the engine, we
did by the help of the turning-key let down
the cupping glafs (for fo we fhall hereafter call
it) ill it came almoft to touch the level fuper-
ficies of the bladder ; and when the receiver
was as far exhaufted as we thought fir, but not

near as far as it might have been, we let down’

the cupping glafs a little lower, fo that it leaned
upon the bladder, and touched it with all the
parts of its orifice: fo that the cupping glafs
with the fubjacent bladder was become an in-
ternal receiver, if I may fo call it, whofe air
was confiderably expanded, and confequently
‘weakened as to its fpring. All this being done,

‘ t the ‘ai the receiver, apd
thereby the air, that did furround the cupping
glafs, which we juft now called the internal re.
reiver, having now a ftronger preflure than the
air in the cupping glafs could refift; the blad-
der, on which the cupping glafs refted, was, as
‘we looked for, thruft up a pretty way into

the cavity of the glafs, in which it made a con-

{picuous tumor ; and was made to ftick fo clofe
to the orifice of it, that one would have thought,
that the bladder had been violently drawn in, as

the fkin is wont to be in the ordinary applica-

tions of cupping glaffes. ,
~ Anp becaufe we took notice, that though
this glafs were not capacious, for it fearce held
a pint of water, yet the orifice of it was not
very narrow, being in diameter an inch and 4,
we thought fit in repeating the experiment to
add fomething, that feemed odd enough, and
was fit tomanifeft, that cupping glaffes may,
without heat, by the bare preffure of the exter-

-nal air, be more ftrongly faftened, than for

oughr we know they are by the help of flame.
Having then reiterated the former experiment

‘with this only variation, that we exhaufted the

recewver further than before, we took out the
cupping glafy and the bladder, which together
with the included brafs-hoop was hanging at it;

and then having tied the glafs to the hook of a
2

good ftatera, and tied a large fcale to the neck Plate VI..

of the bladder, we put in by degrees weights
into the {cale, till we had loaded it enough to
force off the bladder from the glafs ; which hap-
pened not till the whole weight, that tended
to draw down the bladder, amounted to 35
pound, if not better, of fixteen ounces in the
pound.  Nordid we doubt, but that the pref-
fure of the atmofphere would in our experi-
ment have kept up a. much greater weight, if
we had, before we let in the outward air, dili-
gently exhaufted the recciver; which we had
purpofely forborn to do, for fear the too dif-
proportionate preffure of the external air fhould
break the bladder: which puts me in mijad of
adding, upon the by, that as more weight was
put into the fcale, the bladder (ftretched more
and more by the weight on one fide, and the

air on the other) appeared to fwell higher in
the cavity of the glafs. ‘

EXPERIMENT XXXVIIL
Shewing, that bellows, whofe nofe is very well

Sopped, will open of themfelves, when the
preffure of the external air is taken off.

IT is wont by the peripateticks and others to
be made a great argument for the fuga va-
cui, which they attribute to nature, that if the
nofe of a pair of bellows be well ftopped, one
cannot open them by raifing the upper board

-from the lower. But of this another reafon

may be eafily affigned, without determining
whether there be a vacuum or no, namely the
weight and preflure of the air: for when the

Fig.§-

nofe of a pair of bellows, that are tight enough, .

is well ftopped, no air being able to infinuate
itfelf upon the disjoining of the boards into the
cavity made by that disjuntion, this cannot
be effeted, buit by fuch a force, as is almoft a-
ble,( I'1ay almoft, becaufe ordinary bellows can-
not be fo well fhut, but that there will remain
fome air in them, whofe fpring will facilitate
the opening of them) to raife an atmofpherical
pillar, whofe bafis fhall be the upper board,
which is commonly fo large, that a lefs force
may ferve to break common bellows, than to
raife fo great a weight : but if they were made
ftrong enough, and there were applieda  fuffi-
cient force to lift.fo great a weight, as the new-
ly mentioned pillar of the atmofphere, the
fides might be disjoined, how clofe and ftanch
{oever the inftrument were made, ‘

THus far one may argue upon the bare
principle of the weight of the air, but taking
in the fpring of it too, I thought one might

proceed fo much further, that I ventured to-

forctel divers ingenious men, that if the pref-
fure of the ambient air were taken off, not on~-
ly it would be eafy to open the bellows in fpite

of there being carefully fropped at the nofe,

but that they would fly open as it were of
their own accord, without the application of
any cxternal force at all.  And it was partly to
Jultify his prediction, as well as to make a trial,
I thought more confiderable, that we made the

following experiment.
WE caufed, then, tobe madea pair of bel-
lows, differing from ordinary ones in thefe par-
ticulars,

Sec Plate
VI' Fig .6-
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ticulars, Firft, that the boards were circular,
(and fo without handles) and ofabout fix inches
in diameter : 2. That there was no clack or
valve: 3. That the nofe was but an inch long,
or lefs, being to be lengthened if occafion re-
quired witha pipe : 4. That the leather, which
was not fpared, that the inftrument might be
the more capacious, was not horny or very
ftiff, but limber. The reafon of the firft and
third diverfity was, that the bellows might be
capable to be conveyed into our receiver; (for
which purpofe alfo, if there had appeared need,
the nofe might have been made in the upper-
mott of the two boards:) the reafon of the fe-
cond variation was, that the inftrument might
be the more ftaunch: and of the fourth, that
the bafes of the bellows might, as in organ-
bellows, be clapped clofer together, and har-
bour lefs air in the wrinkles and cavity. So
that when the bellows were opened to their full
extent, by drawing up the upper bafis at a but-
ton purpofely made in the midft of it, the bel-
lows looked like a cylinder of fixteen or eigh-
teen inches high; upon which refemblance I
take the liberty to call both the boards, as
geometricians do both the circular parts of a
cylinder, bafes. ’

Burt though thefe were made by an artifi-
cer, otherwife dexterous, yet it not being his
trade to make bellows, nor any other man’s
1n the town I then was in, he could not make
them {o tight, but that in fpite of our oiling the
leather, and choaking the feams with good ce-
ment, there was fome little and unperceived
hole or cranny, whereby fome air had paffage
when the nofe was accurately ftopped: but this
was not {0 confiderable, but that if we drew
up the upper bafis from the lower, the exter-
nal air would on - all fides prefs the leather in-
wards, and. fo,make the fhape of the inftru-
ment very far from being fo cylindrical, as it
would be if the nofe were left open,

WHER EFORE concluding, that notwith-
flanding this imperfection the bellows would
ferve, though not for both the experiments I
defigned, yet for one of them, we carefully
ftopped the nofe, after we had approached the
bafes to one another; and conveying them in-
to a large receiver, it quickly appeared, when
the pump was fet on work, that at every ex-
fuction of the incumbent air, the air harboured
in the folds of the leather, and the reft of the
little cavity that could not but be left between
the bafes, made the upper of thofe bafes ma-
nifeftly rife, though its weight (becaufe of the
thicknefs and folidity of the wood) would foon
after deprefs it again, cither by driving out
fome of the air at fome place, where the inftru-
ment was not fufficiently tight, or by making it
as it were ftrained through the leather itfelf;
and if the pump were agitated fomewhat fafter
- than ordinary, the expanfion of the internal
air would be greater than could be rendered
quite ineffetyal by fo fmall a leak, and the up-
Per part of the bellows would be foon raifed to
a confiderable height, as would appear more
evidently, if we haftily letin the external air,
upon whofe ingrefs the bafes would be clapped
together, and the upper of thema good way

deprefied: So that the imperfettion of the
bellows made the experiment rather more than
lefs concluding ; for fince there was no exter-
nal force applied to open them, if notwith-
ftanding that fome of the included air could
get out of them, yet the fpring of the internal
air was {trong enough to open the bellows,
when the ambient air was withdrawn, much
more would the effect have been produced, if
the bellows had been perfeétly ftanch.

EXPERIMENT XXXVIII

About an attempt to examine the motions anzz
Jenfibility of the Cartefian Materia fubtilis, or
the Bther, with a pair of bellows, made of
a bladder, in the exbaufled receiver.

WILL not now difcufs the contr‘oir‘erfy
betwixt fome of the modern atomifts, and

“the Cartefians; the former of whom think,

that betwixt the earth and the ftars, and be-
twixt thefe themfelves there are vaft traéts of
fpace, that are empty, fave where the beams
of light do pafs through them ; and the lattcr
of whom tell us, that the intervals betwixt the
ftars and planets, among which the earth may
perhaps be reckoned, are perfectly filled, but
by a matter far fubtiler than our air; which
fome call celeftial, and others mther. I fhall
not, I fay, engage in this controverfy ; but thus
much feems evident, that if there be fuch a
celeftial matter, it muft make up far the greateft
part of the univerfe known to us. For the in-
terftellar part of the world, if I may fo ftile
it, bears fo very great a proportion to the
globes, and their atmofpheres too, if other
ftars have any, as well as the earth, thatitis
almoft incomparably greater in refpect of them,
than all our atmofphere is in refpe¢t of the
clouds, not to make the comparifon between

the fea and the fifhes that fwim in it.
WuereErFoRrE [ thought it might very
well deferve a heedful enquiry, whether we
can by fenfible experiments (for I hear what
has been attemped by fpeculative arguments)
difcover any thing about the exiftence, or the
qualifications of this {fo vaft wther: and I
boped our curiofity might be fomewhat affifted
by our engine, if I could manage in it fuch a
pair of bellows as I defigned. For I propofed
to myfelf to faften a convenient weight to the
upper bafis, and clog the lower with another;
great enough to keep it horizontal and im-
moveable 5 that when by the help of the turn-
ing key, frequently above-mentioned, the up-
per bafis thould be raifed to its full height,
the cavity of the bellows might be brought to
its full dimenfions, This done, I intended to
exhauft the receiver, and confequently the
thus opened bellows with more than ordinary
diligence, that fo both the receiver and th_Cy
might be carefully freed from air. After which
I purpofed to let go the upper bafe of the bel-
lows, that being haftily deprefied by the in-
cumbent weight, it might {peedily enough fall
down to the lower bafis, and by fo much, and
fo quickly leflening the cavity, might expel
thence the matter (if any where) before con-
tained in it, and that (if it could by this wzgy
e

47



48

New EXPERIMENTS .P@/ﬁco-MécbdnicaL

be done) at the whole of a flender pipe, faf-
tened either near.the bottom of the bellows;
or in the upper bafis ; againft, or over the ori-
fice, of which pipe there was to be placed at
a convenient diftance, either a feather; or (if
that thould prove too light) the fail of a little
windmill made of cards, or fome other light
body, and fit to be put into motion by the
impulfe of any matter, that fhould be forced
out of the pipe.

By this means it feemed not improbable,
that fome fuch difcovery might be made, as
would not be altogether ufelefs in our enquiry.
For if notwithftanding, the abfence of the air,
it fhould appear by the effects, that a ftream
of other matter, capable to fet vifible bodies
a moving, fhould iffue out at the pipe of the
comprefled bellows ; it would alfo appear,
that there may be a much fubtiller body than
common air, and as yct unobferved by the
vacuifts, or (their adverfaries) the {chools, that
may even copioufly be found in places deferted
by the air; and that it is not fafe to conclude
from the abfence of the air in our receivers,
and in the upper part of thofe tubes, where the
Torricellian experiment is made, that there is
no other body left but an abfolute vacuity, or
(as the atomifts call it) a vacuum coacervatum.
But if on the other fide, there fhould appear
no motion at all to be produced, fo much as
in the feather, it feemed, that the vacuifts
might plaufibly argue, that cither the cavity
of the bellows was abfolutely empty, or elfe
that it would be very difficult to prove by an
fenfible experiment that it was full ; and, ifb
any other way of probation it be demonftrable,
that it was replenifhed with ether, we, that
have not yet declared for any party, may by
our experiment be taught to have no confident
expettations of eafily making it fenfible by
mechanical experiments 3 and may alfo be in-
formed, that 1t is really fo fubtle and yielding
a matter, that does not ecither eafily impel
fuch light bodies as even feathers, or’ fenfibly
refift, as does the air itfelf, the motions of
other bodies through it, and is able without
refiftance to make its paffage through the pores
of wood and leather, and alfo of clofer bodies,
which we find not that the air doth in its na-
tural or wonted fate penetrate,

T o illuftrate this Jaft claufe T fhall add, that
to make the trial more accurate, I waved the
ufe of other bellows, (efpecially not having
fuch as I defired,) and caufed a pair of fmall
bellows to be made with a bladder, as a body,
which fome of our former experiments have
evinced to be of fo clofe a texture, that air
will rather break it than pafs through it: and
that the bladder might no where lofe its en-
tirenefs by feams, we glued on the two bafes,
the one to the bottom, and the other to the
oppofite part of it, fo that the neck came out
at a hole purpofely made for it; in the upper

afis, and into the neck it was eafy to infert
what Pipe we thought fit, binding the neck’
very clofe to it on the outfide.  We had like-
wite thoughts to have another pair of tight bel-
lows made with 4 very light clack in the lower

bafis, that by haftily drawing up: the other
. 2

bafis, when the receiver and bellows were very
carefully exhaufted, we might fee by the reft,
as the lifting up of the clack, whether the fub-
tle matter, that was expelled by the upper bafis
in its afcent, would, according to the modern
doltrine of the circle made by moving bodies,
be impelled up or not.

W E alfo thought of placing the little pipe
of the bladder-bellows (if I may fo call them)
beneath the furface of water exquifitely freed
from air, that we might fee, whether upon the
depreffion of the bellows by the incumbent
weight, when the receiver was carefully ex-
haufted, there would be any thing expelled at
the pipe, that would produce bubbles in the
liquor, wherein its orifice was immerfed.

T o bring now our conje¢tures to fome trial,
we put into a capped receiver the bladder ac-
commodated as before is mentioned ; and though
we could have wifhed it had been fomewhat
larger, becaufe it contained but between half a
pint and a pint, yet in regard it was fine and
limber, and otherwife fit for our turn, we re-
refolved to try how it would do ;° and to de-
prefs the upper bafis of thefe little bellows the
more eafily and uniformly, we covered the
round piece of paftboard, that made the upper
bafis, with a pewter-plate, (with a hole in it
for the neck of the bladder ;) which neverthe-
lefs upon trial proved not ponderous enough,
whereby we were obliged to affift it by laying
on it a weight of lead. And to fecure the
above-mentioned feather, (which had a flender
and flexible ftem, and was left broad at one
end, and faftened by cement at the other, fo
as to ftand with its broad end at a convenient
diftance juft over the orifice of the pipe,) from
being blown afide to either hand, we made it

to move in a perpendicular flit in a picce of See Plate
paftboard, that was faftened to one part of the VI-Fig-7-

upper bafis, as that which the feather was
glued to was to another part. Thefe things
being thus provided, the pump was fet a-
work ; and as the ambient air was from time
to time withdrawn, fo the air in the bladder
expanded itfelf fo ftrongly, as to lift up the
metalline weight, and yet in part to fally out
at the little glafs-pipe of our bellows, as ap-
peared by its blowing up the feather, and keep-
ng it fufpended till the fpring of the air in
the bladder was too far weakened to continue
to do as it had done. In the mean time we
did now and then, by the help of a fring
faftened to the turning key, and the upper
bafis of the bellows, let down that bafis a
little, to obferve how upon its finking the
blaft againft the feather would decreafe, as the
receiver was further and further exhaufted,
And when we judged it to be fufficiently freed
from air, we then let down the weight, but
could not perceive, that by fhutting of the bel-
lows, the feather was at all blown up, as it
had been wont to be, though the upper bafis
were more than ufually depreffed.  And yet it
feems fomewhat odd, that when, for curiofit s
in order to a further trial, the weight was drawn
up again, as the upper bafis was raifed from
the lower, the fides of the bladder were fenfi-
bly (though not very much) prefled, or drawn

inwards.
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inwards. ‘The bellows being thus opened; we
let down the upper bafis again, but could not
perceive, that any blaft was produced ; for
though the feather, that lay juft over and near
the orifice of the little glafs-pipe, had fome
motion, yet this feemed plainly to be but a
fhaking and almoft vibrating motion (to the
right and left hand,) which it was put intp by
the upper bafis, which the ftring kept from a
fmooth and uniform defcent ; but not to pro-
ceed from any blaft iffuing out of the cavity
of the bladder. And for further fatisfaction,
we cauled {fome air to be let into the receiver,
hecaufe there was a poffibility, that unawares
to us the flender pipe might by fome acci
cident be choaked: but though upon the re-
turn of the air inta the receiver, the bafes-of
the bellows were preft clofer together, yet it
feemed, that, according to our expettation,
fome little air got through the pipe into the
cavity of the bladder: for when we began to
withdraw again the air we had let jnto the re-
ceiver, the bladder began to fwell again, and
upon our letting down the weight, to blow up
and keep up the feather, as had been done be-
fore the receiver had been fo well exhaufted.
What conjeture the opening and fhutting of
aur little bellows, ‘more than once or twice,

‘without producing any blaft fenfible by the

raifing of the feather, gave {ame of the by-
ftanders, may be eafily gueffed by the pream-
ble of this experiment 5 but whilt T was en-
deavouring to profecute it for my own farther
mformation, a mifchance, that befel the inftryu-

ment, kept me from giving my fIf the defired
fatisfaction. T

EXPERIMENT XXXIX.

“dbout a further altempt to profecute the inquiry

Propofed in the foregoing E,vpcrimeﬂt..
ONSIDERING with my felf, that by the

help of fome contrivances not difficul, .

a fyringe might be made to ferve, as far as

our prefent occafion required, inftead of a pair

~of bellows; I thought it would not beim-
‘proper to try a differing, and, in fome regards,

See Plate
VII. Fig.
X.

2 better way to profecute an agtempt, which
feemed to me, to deferve our curiofity.

I caufed then to be made, for the formerly
mentioned fyringe, inftead of jts freight pipe,
a crooked one 3 whofe fhorter leg was parallel
to the longer. And this pipe was for greater
clofenefs, “after it was fcrewed on carefully,
faftened with cement to the barrel ; and becaufe
the brafs-pipe could fcarce be made finall e-

‘nough, we canfed a thort, and very flender

pipe of glafs to be put into the orifice of the
thorter leg, and diligently faftened to it with
clofe cement. Then we caufed the fucker (by

.the help of oyl, water, and moving it up and
_down) to be made to go as {moothly as might

be, without leflening the ftanchnefs of the fy-
vinge. After this, there was faftened to the
handle of the rammer a weight, made in the
form of a ring, or hoop, which by reafon of
1ts figure, might be fufpended from the newly
Inentioned handle of the rammer, and hang

lpofe on the outfide of the cylinder, and which.

Vor. IIL

ginning of afcenfion in the feather.

both by its figure, and its weight, might even-
ly and {wiftly enough deprefs the fucker; when
that being drawn up the weight fhould be leg
go. "This fyringe thus furnifhed was fattened
to a broad and heavy pedeftal, to keep it inits
vertical pofture, and ta hinder it from tatteringy
notwithitanding the weight that clogged it.
And befides all thefe things, there was taken
a feather, which was abour twq inches long;
and of which there was left at the end a piece
abaut the breadth of a man’s thumb-pail, (the
reft on either fide of the flender flalk, if I may
focall it, being fiript off) to cover the hole
of the flender glafs-pipe of the fyringe; for
which purpafe the other extreme of it was.
fo faftened with cement to the lower part of
the fyringe, (orto jts pedeftal,) that the broad
endof the feather was placed (as the other fea-
ther was in the foregoing experiment) juft over
the little orifice of the glafs, at fuch a conve-
nient diftance, that when the fucker was a lit-
tle (thongh but very little) drawn up and Jet
g0 again, the weight would deprefs it faft e-
nough to blow up the broad part of the feather,
as high as was permitted by the refiftance of the
ftalk, (and that was a good way) the fpring
of which would prefently reftore the whole
feather to its former pofition, -

AL thefe things being done, and the handle
of the rammer being tied to the turning-key
of a capped recewer, the fyringe and jts pede.
ftal were jnclofed ina capacjous receiver, (for
nonebut fuchan one could contain them, and give
fcape for the rammer’smotions) and the pump
heing fet on work, we did, after fome quans

- tity of air was drawn out, raife the fucker a lit~

tle by the help of the turning-key, and then
turning the fame key the coptrary way, we fuf-

fered the weighr to deprefs thefucker; that we

might fee -ar. what rate ' the feather would be

"blown up 3 and finding, that it was impelled

forceably enough, we cayfed the pumping to
be fo continued, that a pretty many pa_ufes
were made, during each of which we raifed
and deprefled the fucker as before; and had
the opportunity to obferve, that as.the receiver
was more and more exhaufted of the air, fg
the feather was lefs and lefs brifkly driven up,
till at length, when the receiver was well emp-
tied, the ufual elevations and depreflions of the
fucker would not blow it up at all that I could
perceive, though they were far more frequently
repeated than ever before 5 nor was I content
to look heedfully my felf, but I made one,

whom I had often employed aboyt pneumati-

cal experiments, to watch attentively, whilit I
drew up, and let down the fucker, but he af-
firmed, that he could not difcern the leaft be-
And in-
deed to both of us it feemed, that the little
and inconfiderable motipp, that was fometimes
(not always) to be difcerned in the feather,
proceeded not from any thing, that 1ﬁ‘ucd out
of the pipe, but from fome little thake, which
it was difficult not to give the fyringe and pe-
deftal, by the raifing and deprefling of the

{ucker.
AnND that, which made our phenomen on
the more confiderable, was, that the weight, that
0] carried
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carried down the fucker being ftill the fame,
and the motions of the turning-key being eafy
to be made equal at feveral times, there feemgd
no reafon to fufpect, that contingencies did
much (if at all) favour the fuccefs; but there
happened a thing, which did manifeftly enough
For I remember, that before
the fyringe was put into the receiver, when we
were trying how the weight would deprefs it,

and it was thought, that though the weight-

were conveniently thaped, yet it was a little of
the leaft, I would not alter it, but foretold,
that when the air in the cavity of the fyringe
(that now refifted the quicknefs of its dcfcent,

. becaufe fo muchair could not eafily and nimbly

get out at fo fmall a pipe) fhould be exhaufted
with the other air of the receiver, the elevated
fucker would fall down more eafily, which he,
that was employed to manage the fyringe whilft
I watched the feather, affirmed himfelf after-
wards to obferve very evidently. - Sothat when
the receiver was exhaufted, if there had been
in the cavity of the fyringe a matter as fit as
air to make a wind of, the blaft ought to have
been greater, becaufe the celerity, that the fucker
was depreffed with, was fo.

ArTeR we had long enough tried in vain
to raife the feather, I ordered fome air to be
let into the receiver; and though when the
admitted air was but very little, the motions of
the fucker had fearce, if at all any fenfible
operation upon the feather, yet when the
quantity of air began to be fomewhat confider-
able, the feather began to be a little moved
upwards, and fo by letting in air not all at
once, but more and more from time to time,
and by moving the fucker up and down in the
intervals of thofe time# of admiffion, we had
the opportunity to obferve, that as the receiver
had more air in it, the feather would be more
brifkly blown up. . S
* BuT not content with a fingle trial of an
experiment of this confequence, we caufed the
feceiver to be again exhaufted, and profecuted

’

ly this one circumftance, that we added for
confirmation, may be fit to be here taken
notice of. Having, after the receiver was ex-
haufted, drawn up and let fall the fucker di-
vers times ineﬁe&ually; though hitherto we
had not ufually raifed it any higher at a time,
than we could by one turn of the hand, both
becaufe we could not fo conveniently rzife it
higher by the hand: alone, and becaufe we
thought it unneceffary, fince that height fuf-
y tofs up the fea-
ther ; ‘yet ex abundanti we now took an inftru-
ment, that was pretty long, and fit fo to take
hold on the turing-key, that we could eafily
raife the fucker between two and three inches,

by our eftimate, at a time, and nimbly deprefs

it againy and for all this, which would much

‘have increafed the blaft, if there had been a

matter fit for it in the cavity of the fyringe;
we could not fenfibly blow up the feather, till
we had let a little air into the receiver.

To be able 1o make an eftimate of the
quantity of air pumpcd out, or let in, when
the feather was ftrongly -or faintly, or notat

the trial with the like fuccefs as before, -on-

all raifed by the fall of the fucker 5 we took off
the receiver, and conveyed a gage into it, but
though for a while we made fome ufe of our
gage, yer-a mifchance befalling it before the
operation was quite ended, I fhall forbear to
add any thing concerning that trial, and pro-
ceed to fay fomething of another attempt,
wherein, though I forefaw and met with fuch
difficulties, as kept me from doing altogether
what I defired, yet the fuccefs being almoft as
good as could 'be expected, I fhall venture to

acquaint your lordfhip with the trial, which’

was this. ‘
InsTEaD of the hitherto employed pipe of
brafs, there was well faftened, with cement;
to the fyringe, 2 pipe of glafs, whofe figure
differed from-that of the othet in this parti-
cular, that the fhorter, or remoter, leg of our
new pipe, after it had for a while been carried
parallel to the other leg, was bent off fo, that
above an inch and a half of it tended down-
wards, that the orifice of it might be immerfed

See Pl:xfe
VII. Fig-

into water, contained in a  {mall open jar, .

‘The defign of which contrivance was, that
when the receiver fhould be well exhaufted,
we might, according to what I told your

lordfhip was at firft defigned, try whether by

the raifing and ' deprefling of the fucker any
fuch matter would be driven out at the nofe of
the pipe, as would produce bubbles in the in-
‘cumbent water, which air (though highly rare-
fied, perhaps to fome hundreds ‘of times be-
yond its wonted dimerifions) is capable of do-
ing. And I chufe to employ rather water than
quick-filver, becaufe though by ufing the lat-
ter, I might hope to be lefs troubled with
bubbles, yet the ponderoufnefs and opacity of
it feemed to outweigh that convenience.

I need not tell your lordthip, that in other
refpects this experiment was made like the for-
mer; {o that I fhall mention_only-its peculiari-
ties, which- were, thatas the air was pumped
out of the receiver, that in the glafs pipe made
its way through the water in bubbles; and a
little air having once by a fmall leak got in,

and forced fome of the water out of the jar in-

to the pipe, when the receiver was again well

emptied, both that water, and even the little
quantity of ftagnant water, that was contained
in the immerfed part of the pipe, produced fo

many bubbles of feveral fizes, as quite difturbed -

our obfervations. Wherefore we let alone the

“receiver, exhaufted as it was, for fix or feven
+hours, to give the water time to be freed from

air 5 and then caufing what air might have

ftolen in to be ‘again pumped out, till we had

perceived by the gage, that the receiver was
well exhaufted, we caufed the fucker of the
fyringe; to be raifed and deprefled divers
times; and though even then a bubble would
now and then make our obfervations trouble-

-fome, and lefs certain, yet it feemed to us,
“that when we were not thus confounded, we

fometimes obferved, that the elevation and fall
of the fucker, though reiterated, did not drive
out at the pipe any thing, that made any dif-
cernable bubbles in the incumbent water; for
though there would appear now and then fome

- fmall bubbles on the furface of the water, yet

2 .
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I couldnot perceive, that the matter that made
them iffued out at the pipe; and fome of
them manifeftly proceeded from aerial parti:
cles, till then lurking in the water, as I con-
cluded from the place and time of their rifing.
But this non-eruption of bubbles at the nofe of
the pipe was not that, which gave me the
moft of fatisfaction.  For at length both I and
another had the opportunity to obferve the wa-
ter in the immerfed part of the pipe, which
was very {lender; to be about an inch higher
than the reft of the ftagnant water, and to con-
tinue at that height or placein the pipe, though
the fucker were divers times together raifed and
deprefled, by guefs, between two and three
inches at a time. Which feemed to argue,
cither that there was a vacuum in the cavity of
the {yringe, or elfe, that,if it were full of @ther,
that body was fo fubtle, that the impulfe it
received from the falling fucker would not
make it difplace a very little thread (perhaps
not exceeding a grain in weight) of water, that
was in the flender pipe, though it appeared by
the bubbles, that fometimes difclofed them-
felves in the water, after the receiver had been
exhaufted, that far more water would be dif-
placed and carried up by a fmall bubble, con-
fifting of fuch .rarified air, that according to
my eftimate, the aerial particles of it did not,
before the pump was begun to be fet on work,,
take up in the water a five-hundredth part of
the quantity of a pins-head. . ’
But whilft we were confidering what to do.
further in our trial, a little air, that ftrained in
at fome fmall undifcoverable leak, drove the
water into the emptied part of the -pipe, and
put an end-for that time to our trial, which

pad bec_:n too toilfome to invite us then to re-
iterate. it. ’

I had indeed thoughts of ‘profecuting the en-
quiry, by dropping from the top of the ex-
haufted receiver light bodies conveniently
fhaped, to be turned round, or otherwife put
out of their fimpleft motion of defcent, if they
met with any refiftance in their fall; and by
making fuch bodies move horizontally and o-
therwife in the. receiver, as would probably
difcover, whether they were affifted by the me-
dium. Andother contrivancesand ways I had in
my thoughts, whereby to profecute our enquiry ;
but wanting time for other experiments, I
could not fpare fo much as was neceffary to ex-
hauft large reccivers fo diligently, as fuch nice
trials would exaét ; and therefore I refolved to
defift, tll T had more leifure than I then had,
or have fince been mafter of. ‘

In the interim, thus much we feem to
have already difcovered by our paft trials, that
if when our veffels are very diligently freed
from air, they are full of @ther, that wther is
fuch a body, as will not be made fenfibly to
move a light feather by fuch an impulfe as
would make the air manifeftly move it, not
only whilft it.is no thinner than common air,
but when it is very highly rarefied, (which, if
Imiftake not, it was in our experiment fo much,
as to be brought to take up above an hundred
times more room than before).

- And onc thing more we gained by the trial
made with water, namely, a clear confirmation
of what I have delivered in the g4th experi-
ment, about the caufe of the fution thatis
made by fyringes ; for your Lordthip may re-
member, that at the clofe of the expcriment
we haveall chis while been reciting, I obferved,
that when the external air was fo very well with-
drawn, the pulling up of the fucker would not
make the ftagnant-water, that the pipe of the

Ayringe was immerfed in, to afcend one inch,

or fo much as the tenth part of it.

EXPERIMENT XL

About the falling, in the exbaufted receivers of

a light body, fitted to have its motion vifibly

varied by a [mall refiftance of the air.

ARTLY to try, whether in the {pace de-
~ ferted by the air, drawn out of our re-
ceivers, there would be any thing more fit to
refift the motion of other light bodies through-
it, than in the former experiment we found it
to impel them into motion ; and partly for a-
nother purpofe to be mentioned by and by, we
made the following trials.

W took a receiver; which, though lefs tall
than we would have had, was the longeft we
could procure : and that we might be able,
not fo properly to let down, as to let fall
abody in it, we fo faftened a fmall pair of
tobacco-tongs to the infide of the receiver’s
brafs-cover, that by moving the turning-key,
we might by a flring tied to one part of them
open the tongs, which elfe their own fpring
would keep thut.  This being done, the next
thing was to provide a body, which would not
fall down like a ftone, or another dead weight
through the air, but would in. the manner of
its defcent thew, that its motion was fomewhat
refifted by the air. Wherefore that we might
have a body, that would be turned about hori-
zontally, as it were, in its fall, we thought fit
to join crofs-wife four broad and light feathers
(each about an inch long) at their quills with a
little cement, into which we alfo ftuck perpen-
dicularly a fmall label of paper, aboutan 8th
of an inch in breadth, and fomewhat more 1n
height, by which the tongues might take hold
of our light inftrument without touching the
cement, which elfe might ftick to them.

By the help of this fmall picce of paper,
the little inftrument, of which it made a part,
was fo taken hold of by the tongs, that it hung
as horizontal as fuch a thing could well be
placed : and then the receiver being cemented
on to the engine, the pump was diligently
plied, till it appeared by a gage, which had
been conveyed in, that the receiver had been
carefully exhaufted : laftly, our eyes being at-
tentively fixed upon the connected feathers,
the tongs were by the help of the turning-key
opened, and the little inftrument let fall, which,
though in the air it had made fome turns m its
defeent from the fame height, which 1t now fell
from, yet now it defcended like a dead weight,
without being perceived by any of us to make
fo much as one turn, ora partof it : notwith-

ftanding

N
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ftanding which 1 did, for greater {ecyrity, c.a.l}fe
the receiver to be taken off, and put on agan,
after the feathers were taken hold of by the
tongs ; whence being let fall in the receiver un-
exhaufted,. they made fome turns in their def-
cent, asthey alfo did being.a fecond time let
fall after the fame manner. .

But when after this, the feathers qung
placed as before, we repeated the experiment
by carefully pumping out the air, neither I
nor any-of the by-ftanders could perceive any
thing of turning in the defcentof the feathers;
and yet for further fecurity we let them fall
twice mare in the unexhaufted recciver, and
found them to turnin falling as before 3 vghere—
as when we did a third time let them fall in the
well exhaufted receiver, they fellafter the fame
manner as they had done formerly, when the
air, that would by its refiftance haye turped
them round, was removed out of their way.

N.B. 1. THovcH, as I intimated above,
the glafs, wherein this experiment was made,
were nothing near fo tall as I would have had
it, yet it was taller than any of our ordinary re-
ceivers, it being in height about 22 inches.

2. ONE, that had had more leifureand con-
veniency, might have made a more commo-
dious inftrument than that we made ufe of: for
being accidentally vifited by that fagacious ma-
thematician, Dr. #ren, and fpeaking to him
of this matter, he was pleafed with great dex-
terity as well as readinefs to make me a little
inftrument of paper, on which, when it was
let fall, the refiftance of the air had fo mani-
feft an operation, that I thould have made ufe
of it in our experiment, had it not been cafual-
ly loft, when the ingenious makcr was gone
out of thefe parts.

- 3. Tuouvcu I have but briefly related our
having 1o ordered the matter, that we could
conveniently let fall a body in the receiver
when very well exhaufted ; yet to contrive and

put in praftice what was neceffary to perform

this, was not fo very eafy, and it would be
difficult to defcribe it circumftantially without
very many words; for which. reafon I forbear
an account, that would prove too tedious to us
both. ' -

4. WuaT has been hitherto related, was
done in profecution of but one of the two de-
figns I aimed at in the foregoing contrivance,
by which I intended, if I could have procured
a receiver tall enough, to try whether bodies
(fome very light, and fome heavier) being let
fall, when the air was very diligently pumped
out, would not defcend fomewhat fafter than
if the receiver were full of air. But though I
had provided a pendulum, that vibrated quar-
ters of feconds, yet the glafs being no higher
than it was, the defcent even of our feathers
took up fo little time, that even this pendulum
was of no ufe; only it feemed to all of us, that
were prefent at making the above recited trials,
that when the feathers were let fall at fuch
times as the air, that would have turned them
round in their defcent, was removed, they
came to the bopttom fenfibly fooner than at
other times.  But when we Xmaﬂ have oppor-

tuniey to repeat the experiment in taller glaffes,

and to make fome variation of it, I hope 1o be
able to give your lordthip a fuller fatisfattion
about this particular. And in the mean while

I thall forbear to examine, whether the air

might fomewhat retard the defcent of the fea-
thers upon {fome other account, or meerly up-
on thatof its being a medium not quite devoid
of gravity.

ANNOTATIONS.

1. Bur here I muft be fo fingere as to.in-
form your lordfhip, that this fortjeth experis

ment feemed not to prove {o much as did the

foregoing made with the fyringe: for being

{ufpicious, that, to make the feathered body a-

bove-mentioned turn in jts fall, there would
need a refiftance nor altogether inconfiderahle,
I caufed the experiment to be repeated, when
the receiver was by our eftimate, which was
not made at random neither, little or nothing
more than half exhaufted, and yet the remain-
ing air was tao far rarefied fo make the falling;
body manifeftly turn. T -

I. 2. AND yet perchance it would have hap-
pened otherwife, if the receiver had been tall
enough;. which though I had not then leifure
and conveniency to make'it, yet it will not be
amifs to let your lordfhip know by what means

- we did, that it might be fomewhat fit to make

the recited experiment and fome others, bring
it to the height it had, which did confiderably
exceed that of the talleft glafs we could then
procure. o
‘To lengthen our receiver therefore, we
thought fit to try, whether we could not clofe
enough faften to the bottom of it with very
good cement a cylindrical pipe of laton, whafa
upper orifice thould have near the fame breadth
with the bottom of the glafs. And though
this contrivance feemed liable to a couple of
not mean difficuliies s the one, ~that the laton
being every where bended, and in fome places
neceflary to be foddered, it would be very
hard, as indeed we found it, to avoid fome
fmall cracks and leaks; and the other, that if
the metalline pipe were wide enough, fo great
and heavy a pillay of the atmofphere would -
come to bear againft it, as to prels it inwards,
if not alfo to break it 3 yetwe hoped we fhould
be able to obviate hoth of thefe: inconveni-
encies. Againft the firlt of which our remedy
was, to coat over very carefully the whole
pipe with the fame clofe cement, wherewith
we faftened it to the glas receiver. And
againt the fecnd, we provided a little frame,
confifting of divers fmall iron bars faftened to
gether 3 which frame (though it were not too
wide to go into the cylinder of laton, yet it)
was wide enough to be {o near it on the infide,
that (though the weight of the atmofphere
{hould, as we feared, prefs the laton fo as to
make it yield inward, yet) it couyld make it
bend no turther than the iron-frame would per-
mit 5 which was not far enough to fpoil either
the receiver or the experiment. And this not
unpleafant phanomenon would, fomewhat fur-
prife. unaccuftomed fpe@ators, that when after
the recerver had been very well exhaufted, the
external air was permitted to return, there
2 would
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would be heard during fome time, from the
meealline part of the receiver, divers founds
briflk enough, which would make an odd
cracking noife proceeding from the lattin-plate,
which having been forceably, though but
flowly, bent inwards by the predominant pref
fure of the atmofphere, was now affifted by the
preflive of the returning air, to regain its for-
mer figure, And as I thought not fit to omit
this circumftance; becaufe it confirms the prac-
ticablenefs of the remedy propofed againft the
{fecond inconvenience 5 fo I thought fit to men-
tion this way of enlarging and heightening re-
ceivers, becaufe what we have related feems
to give grounds of hoping, that this contrivance
may be made good ufe of in divers other trials;
and particularly in attempts to make receivers
capacious enough to contain larger animals;
and perhaps even a boy, or a man. In order
to fome of which purpofes we endeavoured to
got an improvement made of our metalline cy-
linder by additional contrivances; but could
not, where we then Were, get artificers, that
would perform what was direéted.

EXPERIMENT XU
Abous the propagation of founds in the exhanfied

- receiver.

Y O make fome further obfervation than is
- mentioned in the * publithed experi-
ments, about the prodution and conveying of
founds 1n a glafs whence the air is drawn out,
we employed a contrivance, of which, becaufe
we make ule of it in-divers other experiments,
it will be requifite to give your lordthip here
forae thort defcription. ‘

- Wz caufed to be made at the turner’s acys
linder of hox, or the like clofe and firm waod,
and of a length. fuitable to that of the receiver
it was to be employed in. -Out of the lower
bafis of this cylinder (which might be about
an inch and a half in diameter) there came a
fmaller cylinder or axle-tree, not a quarter o
thick as the other, and lefs than an inch long :
this was turned very true, that it might move
to and fro; or, as the tradefinen call it, ride,
very fmoothly in 3 little ferrule or ring of brafs,
that was by the fame turner made for it in the
midit of the fixed trencher, (as we call a piece
of {olid wood, fhaped like 2 mill-ftone) being
four or five inches, more or lefs, according to
the widenefs of the receiver, in breadth, and
between one and two in thicknefs ; and in a
large and round groove, or gutter, purpofely
made in the lower part of this trencher, 1 caufed
as much lead as would fill it up, to be placed

and faftened, that it might keep the trencher’

from heing eafily moved out of its place or
pofture, and in the upper part of this trencher
1t was intended, that holes thould be made at
fuch places as thould be thought fir, o place
bodlies at feveral diftances as occafion fhould
require. The upper bafis of the cylinder had

alfo coming out of the midft of it another axle-

tree, bur wider than than the former, that,
%o 2 cayity made in it, it might receive the

lower end of the turning-key divers times al-
. Yor. IIL ' |

* Page the 105, 106,

ready mentioned, to which it was to be faftened
by a flender peg of brafs, thruft through two
correfpondent holes, the one made in the key,
and the other in the newly mentioned focket,
if I may fo call it, of the axle-tree. Befides all
which, there were .divers ‘horizonta] perfora-
tions bered here and there in the pillar itfelf,
to which this axis belonged, which pillar we
thall, to avoid ambiguity, call the verticle cy-
linder. The general ufe of this contrivance
(whofe other parts need not to be mentioned be-
fore the experiments where they are imployed)
is, that the end of the turning-key being put

into the focket, and the lawer axis of the ver- -

ticle cylinder inta the trencher, by the motion
of the key a body faftened at one of the holes
to the cylinder may be approached to, or re-
moved from, or made to. rub or firike againit
another body faftened in a convenient .pofture
to the upper part of the trencher.
T'o come now to our trial about

caufed a hand-bell (whofe handle and clapper Pﬁ’g‘r‘r‘; é’ﬁﬁ
were taken away) to be faftened to a ftrong o

wire, that, one end of the wire being made faft
in the trencher, the other eénd, which was pur-
pofely bent downwards, took hold of -the bejl.
In another hole, made in the circumference of
the fame trencher, was wedged in (with a
wooden peg) a fteel-fpring, to whofe upper
part was tied a gad of iron or feel, lefs than
an inch long, but of a pretiy thicknefs. . The
length of this fpring was fuch, as te make the
upper part of the hammer (if 1 may fo call the
piece of iron) of the fame height with the bell,
and the diftance of the fpring from the bell
was fuch, that when it was forced back the
other way, it might at its return make the
hammer ftrike -britkly upon the eutfide of the
beTns trencher - ‘being thus furnithed and
placed in a capped receiver, (as you know,
for brevity fake, we ufe to call one, that is fitted
with one or other of the brafs cowvers, often
mentioned already,) the air was diligently
pumped out 3 and then, by the help of the

turning-key, the vertical cylinder was made to-

go round; by which means as often 4s either of
a couple of {tiff wires, or{mall pegs, that were
faftencd at right angles into holes, made not
far from the bottom of the cylinder, paffed
(under the bell, and) by the lately mentioned
{pring 5 they forceably did in their paffage
bend it from the bell, by which means, as
foon as the wire was gone by, and the fpring
ceafed to be prefled, it would fly back with
violence, enough to make the hammer give a
{mart ftroak ypon the bell. And by this means
we could both continue the experiment at dif-
cretion, and make the percuflions more equally
ftrong, than it would otherwife have been eafy
to do. _ :

THE event of our trial was; that, when the
receiver was well emptied, it fometimes feemed
doubtful, efpecially to fome of the by-ftanders,
whether any found were produced or no; but
to me for the moft part it {eemed, that after
much attention I heard a found, that I could
but juft hear; and g;‘fa which js odd, me-

| R thouglt
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thought it had fomewhat of the nature of
thrilnefs in it, but feemed (which is not ftrange)
to come from a good way off. Whether the
often turning of the cylindrical key kept the
receiver from being fo ftaunch as elfe it would
have been, upon which fcore fome little air
might infinuate itfelf, I fhall not pofitively.de-
termine : but- to difcover what istereft the
prefence or the abfence of the air might have
in the loudnefs or lownefs of the found, I
caufed the air to’ be let into the receiver, not
all at once, but at feveral times, with competent
intervals between them; by which expedient it
‘was eafy to obferve, that the vertical cylinder
being ftill made to go round, when a little air
was let in, the ftroak of the hammer upon the
bell (that before could now and then not be
heard, and for the moft part be but wery
{carcely heard) began to be eafily heard. And
when 2 little more air was let in, the found
grew more and more audible, and fo increafed,
until the receiver was again replenithed with
air ; though even then (that we omit not that
phenomenon) the found was obferved to be
much lefs loud, than when the receiver was not
interpofed between the bell and the ear.

And whereas in the already publifhed phy-
fico-mechanical experiments, 1acquainted your
Jordthip with what I obferved about the found
of an ordinary watch in the exhaufted receiver,
I fhall now add, that that experiment was re-
peated not long fince, with the addition of
fufpending in the receiver a watch, with a good
alarum, which was purpofely fo fet, that it
‘might, before it thould begin toring, give us
time to cement on the receiver very carefully,
exhauft it very diligently, and fettle ourfelves
in a filent and attentive pofture. And to make
this experiment in fome refpe& more accurate

-than the others we made of founds, we fecured

ourfelves againft any-leaking at the top, by im-
ploying a receiver, that was made all of one
piece of glafs, (and confequently had no cover
cemented on to it,) being furnithed only with-
in (when it was firft blown) with a glafs-knob
.or button, to which a ftring might be tied.
And becaufe it might be fufpeted, that if the
watch were fufpended by its own filver chain,
the tremulous motion of its founding bell might
be propagated by that metalline chain to the
upper part of the glafs; to obviate this as well
as we could, we hung the watch, not by its
chain, but a very flender thread, whofe upper
end was faftened to the newly mentioned glafs-

~ button.

. Trzse things being done, and the air being
carcfully pumped out, we filently expected the
time, when the alarum fhould begin to ring,
which it was cafy to know by the help of our
other watches; but not hearing any noife fo
foon as we expected, it would perhaps have

_been doubted, whether the watch coptinued

going, if for prevention we had not ordered
the matter fo, that we could difcern it did not
ftand ®ill. Wherefore I defired an ingenious
gentleman to hold his ear juft over the button,
at which the watch was fufpended, and to hold
‘it alfo very near to the receiver; upon which
hie told us, that he could perceive, and but juft

perceive fomething of found, that feemed to
come from far; though neither we that liftened
very attentively near other parts of the re-
cetver, nor he, if his ears were no more ad-
vantaged in point of pofition than ours, were
fatisfied, that we heard the watch at all, Where-
fore ordering fome air to be let in, we did by
the help of attention begin to hear the alarum
whofe found was odd enough, and, by return-
ing the ftop cock to keep any more air from
getting in, we kept the found thus low for a
pretty while, after which a little more air,
that was permitted to enter, made it become
more audible ; and when the air was yet more
freely admitted, the by-ftanders could plainly
hear the noife of the yet continuing alarum at a
confidcrable diftance from the receiver.

. From what has hitherto been related, we
may learn what is to be thought of what is de-
livered by the learned Merfennus, in that book
of his Harmonicks, where he makes this to be
the firft propofition. Somus & campanis, vel
altis corporibus non folum producitur. in illp
vacuo (quicquid tandem illud fit,) quod fit in ty-

bis bydrargyro plenis, pofteague depletis, fed

eviam ider atsmen, quod in aere libero vel claufo
penitus obfervatur & auditur. For the proof
of which affertion, not long after, he {peaks
thus: porro variis tubis, quorum extremis lagene
vitree adglutinantur, obfervari campanas in ills
vacuo appenfas propriifgue malleis percuffas idem
Denitus acumen retinere, quod in’ aere libero ba-
bent : atque foni maguitudinem ei fono, quifit in
aere . quem tubus  claufus includit, nibil cedere.
But though our experiments fufficiently manifeft,
that the prefence or abfence of the common air
is of no fmall importance as to the conveying
of founds, and that the interpofition of glafs
may fenfibly weaken them; yet fo diligent and
faithful a writer as Merfennus deferves to be
favourably treated : and therefore I fhall repre-
fent on his behalf, that what he fays may well
enough have been true, as far as could be ga-
thered from the trials he made. For firft, it
is no eafy matter, efpecially for thofe that have
not peculiar and very clofe cements, to keep
the air quite out for any confiderable time in
veflels confifting of divers pieces, fuch as he

appears to have made ufe of. And next, the

bignefs of the bell in reference to the capacity

of the exhaufted gla%, and the thicknefs of the
glafs, and the manner whereby the bell was
faftened to the infide of the glafs, and the
hammer or clapper was made to ftrike, may
much vary the effe@t . of the trial, for reafons
eafy to be gathered out of the paft difcourfe,
and therefore not needful to be here infifted on.
And upon this account we chofe to make our
experiment, with founds that thould not be
ftrong or loud, and to produce them after fuch
a manner, as that as little thaking as could be
might be given by the founding body to the
glafs it was included in. The propofal made
by the fame Mer/ennus, to have thofe, that have
induftry enough, try whether a bag-pipe will
be made to afford the fame found as in the open
air, in fuch' veflels as he ufed for his bells,
though he fecems to think it would fucceed, is
that which your lordthip will not, I prefume,

2 follicite
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follicit me to make trial of, if you remember
.what is related in the almoft immediately fore-
going experiments, thewing, that we could
‘make nothing come out of the cavity of a pair
of bellows, that had force enough to blow away
a feather, when that cavity was freed from air;
as the bagpipe would be by the fame operation,
that empties the glafs that contains it, or elfe
the found would not be made in fuch a vacuum
as the fcope of the experiment requires.

~ Ir I had had conveniency, I would have
made fome trials by conveying a fmall ftringed
“inftrument (perhaps fome fuch as they com-
monly call a kit) exactly tuned, into a large
receiver, and then upon brifkly ftriking the
ftring of a bigger inftrument, (tuned, as they
fpeak, to an unifon to (or with) that of the
{maller inftrument) I fhould have taken notice,
whether the found would have been fo uni-
formly propagated, notwithftanding the inter-

pofition of the glafs recciver, as fenfibly to.

fhake the included ftring ; in order to the dif-
cerning of which, a bended piece of ftraw, or
feather, or fome fuch light body, was to be
horfed upon the ftring to be fhaken. T alfo
intended, in cafe the ftring were made to
move, to make the‘%ﬁ;e trial after the receiver
was diligently exhaufted.” And laftly T de-
figned to try, whether two unifon ftrings of
the fame inftruments, or of a couple to be
placed in the fame receiver, would, when the
air (which is the ufual medium of founds) was
~well pumped out, yet maintain fuch a fympa-
thy, as it is called, that upon the motion of the
one, the other would alfo be made to fhir:
which trials may be varied, by employing for
the external inftrument another inftead of a
ftringed one: R :

AN D becaufe contraries, as is vulgarly noted,
ferve to illuftrat® each other, ‘I thought to fub-
join, to the trials above related about the
propagation of founds in a thinner medium
than the air, fome obfervations about the con-
veyance of thém through that thicker medium,
water : but having unluckily miflaid my notes
upon that fubject, I cannot at prefent acquaint
your lordfhip with what I intended, but muft
defer the doing it, .till I fhall have recovered
them. I

EXPERIMENT XLIL

About the breaking of a glafs-drap in an ex--

baufted receiver,

OU know, that among the caufes, that

_ have been propofed of the ftrange fiying
of a glafs-drop into a multitude of pieces,
when the flender ftem of it comes to be -broken
off, oneof the leaft improbable was taken from
the preflure of the air: asif that within the
porous, (and as it were honey-combed) infide of
the glafs, being highly rarefied when the drop
- of melted glafs fell into the water at its firft for-
mation, it was forced to continue in that pre-
ternatural ftate of expanfion by the hardnefs
and clofenefs of the external cafe of glafs, that
inclofed the pith-like part (if I may fo call it;)
fo that upon the breakingoff a part of this folid
cafe at the ftem, the external air gaining accefs,

and finding in the fpungy part very little re-
fitance from the highly rarefied and confes
quently weakened air included there, rufbes in
with fuch violence, as to thiver the glafs-drop
into a multitude of pieces. o '

I fhall not now trouble your lordthip with

the mention of what may be alledged to quef- .

tion this hypothefis, efpecially if it be com-
pared with that accurate account of the phee-
nomena of fuch glafs-drops, which was fome-
times fince prefented to the fociety by that
great otnament of it, Sir Robert Moray. But
I thallonly fay in this place, - that when I con-

fidered, thatif the diffilition of the glafs would -

fucceed, when the air was pumped out. of it, it
would be hard to afcribe that effect to the erup-
#ion of the external air; I thought fit to try
what would happen, if a glafs-drop were broken
in our exhaufted receiver, Anc accordingly
did, though not without fome difficulty, fo or-
der the matter, that the blunter part of the glafs-
drop was faftened to a ftable body (conveyed
into the receiver,) and the crooked flem was
tied to one end of a ftring, - whofe other end
was faftened to the turning-key; by which

means, when the air had been diligently pump-

ed out, the ftem was (by fhortning the {tring)
brokerr off, and the glafs-drop was fhattered
intoa thoufand pieces. . .

This experiment was long after repeated
with the like fuccefs ; and having at that time
no gage to try, how far the air had been drawn
out, we let the external air impell up the water
out of the pump into the'receiver, and thereby
found, that that veffel had not been negligent-
ly exhaufted. ‘ .

"EXPERIMENT XLIL
About the produstion of Light in the exbaufted
Receiver.

Prefume, I need not put your lordfhip in
mind, that divers attempts were made to
try, whether either a flame, or kindled coals
would be made to continue for fometime burn-
ing in our receiver. .But thofe trials making it
evident, that it would be either impoflible, or
very difficult to produce any durable light,
without the prefence of the air, by the burning
of bodies 3 I thought it not amif3, confidering
the noblenefs of light, to make trial, whether
it might be otherwife produced in our exhaufted
receiver 3 fince whether or no the attempts
fhould prove fuccefsful, ‘the event would pro-
bably be inftruétive, ~ For as it is the property
of light, when it is produced, to be difcove-
rable by it {elf; {o in fucha trial as we intended,
it would -teach fomething concerning light, - to
find that the abfence of the air would or would
not hinder it from being produced.  In profe-
cution of this defign, knowing that hard fu-
gar, being nimbly fcraped with a knife, will
afford a fparkling light, fo that now and then
one would think that fparks of fire fly from it;
we caufed a good lump of - hard loaf-fugar tobe
conveniently and firmly placed in the cavity of
our capped receiver, and to the vertical cylin-
der forementioned we caufed to be faftened fome
picces of a fteel-{fpring, which being not very
thick,
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thick, -might in their paffage along the fugar;
grate, or rub forceably againft ir, and then
the receiver being diligently exhaufted in the
pight-time, and in adark room, the vertical
cylinder (whofe lower axis was inferted into
The ¢on- the often mentioned trencher) was made for a

trivance  pretty while to move round by the help of the
here Mt turning-key, managed by a hand fteady and
:nma';ebc ftrong enough. By which means the irons, that

conceived came out of the vertical cylinder, making in
by .°°“ﬁ]'1 their paflage vigorous impreffions upon the fu-
2;’;,’;’5;; gar, that ftdod fomewhat in their way, there
longing to' were manifeftly produced a good number of
the 41 ex- Jittle flathes; and fometimes too, though not
perment.  frequently, there feemed to be ftruck off little

fparks of fire,

EXPERIMENT XLIV.
About the produstion of a kind of balo and co-
Jours in the the exbaufied receiver.

X X 7E took a large inverted cucurbite for a
, ~ receiver, which being fo well wiped
both within and without as to be very clear,
allowed me to obferve, and to make others do
fo too, that when the pump began to be feta
work, if I caufed a pretyy large candle to be
held on the other fide of the glafs, upon the
turning of the ftop-cock to let the air out of
the receiver into the cylinder, the glafs would
feem to be full of fumes, and there would ap-
pear abouit the flame of the candle, feen through
them, a kind of halo, that at firft commonly
was between blue and green, and after fome
fucks would be of a reddith or orange colour,
and both very vivid. " The production of this
meteor, if I may fo call it, was, according to
my conjeéture, made on fome -fuch fcore as
this. That the cement being fomewhat foft
and ‘new; as is convenient for this experiment,
. abounds with turpentine; and having a little,
as well to faften on the receiver, as for the
* aother purpofe, applied to it a hot iron, where»
by the cement was both foftened ‘and heatdd,
it feemed rational to expelt, that upon the
withdrawing of the air in the receiver, the aeri-
al particles in the cement, freed from their
former preffure, would extricate themfelves,
and with the loofer fteams of the turpentine,and
perhaps of the bees-wax, would with a kind of
explofion expand themfelves in the receiver,
- and by their interpofition between the light
and the cye exhibit thofe delightful colours we
had feen. ‘To confirm which, I afterwards
found, that by watchfully obferving ir, I could
plainly enough perceive the colouring fteams,
jult ypon the turning of the ftopeock, to fiy
up from the cement towards the fop of the
giafs; and if we continued pumping, the re-
ceiver would grow clearer, and the colours
more dilute, tll we had occafion to put on the
receiver, and heat the cement afreth: of which
the reafon might be, partly that the aerial and
volagile particles of the upper part of the ce-
went did in that tract of time fpend themfelves
more and more ; and partly, becaufe the agi-
tation they received from the heat communi-
cated by the iron did continually decay. Not
to mention, that when the receiver is more
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exhaufted, the want of air makes it more diffi-
cult for fteams to be fupported, and, as it were;

- fwim up and down in it

For farther confirmation, I caufed fome
cement to be put into a fmall crycible, warm
enough to melt it ; and conveying this into a
clear recciver of a convenient fhape and fize, I
caufed the pump to be fet a work ; where-
upon it appeared manifeftly enough, that upon
the opening of the ftop~cock to let out the
air, the fteams would copioufly be thrown
about from the crucible into the capacity of the
receiver, and would, after having a lictle play-
ed there, fall down again. But in thefe appa-
ritions the vividnefs, and - fometimes the kind
of the exhibited colours feemed much to de-

4 pend upon divers circumftances, fuch as the

degrees of heat, the bignefs and fhape of the
receiver, the quantity of air that yet remained
unpumped out, and the nature of the cement
itfelf; which laft particular I the rather mene
tion, becaufe, though I were hindered from

doing it, I had thoughts to try a fufpicion I

had, that by varying the materials expofed
to this kind of operation, fome pretty variety
might be madg in the phznomena of the eg.
periment, ' ' ST )

WHETRER or no the apparition or whites
nefs, or lighe, that we fometimes happened
to take notice of divers years ago, and have
mentjoned in the already publithed part of our
Phyfico-mechanical Experiments, may be partly
(though not entirely) referred to fome of the
cements I then employed, differing from thofe
I 'now-ufe moft, and to the unheeded temper
of thofe cements, as to warmth, and degrees
of foftnefs, is a doubt, that further obfervation
may poflibly enable us to determine, -

EXPERIMENT XLV.

About the produftion of beat by attrition in the
o exhayfted receiver,

THE opinion, that afcribes the incalefeence

_of folid bodies, ftruck or rubbed hard

againft one another, to the attrition or vehe-

ment agitation of the intercepted air, is. fa-

mous and recejved enough to feem warthy of

a particular examination. But I confefs to

your lordthip, that it was not any thing re-

lating to this opinion, that chiefly induced me

to make the experiment 1 am pow about to

give an account of; for I thought it might

be ufeful to more purpofes than one, to be able

to produce by attrition a fomewhat durable

heat, even in our exhaufted receiver: and

therefore, though it were to forefee, that it

would prove no eafy tafk, yet we thought

fit to attempt it fpight of the difficulties’ met

with at our firft trials, In what way and with

what fuccefs we afterwards made this attempr,

I now proceed to relate. ) g
Cross the flable trencher, formerly men- see Platé |

tioned, there was faftened a pretty ftrong 1V.Fig¥

fpring of fteel or iron, thaped 'aFmoﬁ: like the

lath of a crofs-bow ; and to the midft of this

{pring was ftrongly faftened on the outfide, 2

round piece of brafs hollowed almoft like a

concave burning-glafs, or one of thofe tools,

2 wherein
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wherein they ufe to grind eye-glafles for tele-
fcopes.  To this piece of brafs, which was not
confiderably thick, nor above two inches dia-
meter, was fitted a convex piece of the fame
metal, almoft like a gage for a tool to grind
glaffes in, which had belonging to it a {quare
handle, whereinto as into a focket was inferted
a fquare piece of wood, proceeding from the
bafis of a fquare wooden pillar, which we made
ufe of on this occafion inftead of our vertical
cylinder. By the help of another piece of
wood, coming from the other bafis of the
fame pillar, the turning-key was joined to this
pillar, which was made of fucha length, that
when the turning-key was forceably kept down
as low as the brafs cover, it was a part of,
would permit, the convex piece of metal late-
ly defcribed did deprefs the concave piece a
pretty way, notwithftanding a vigorous re-
fiftance of the {ubjacent {pring, »
Besipes thefe things, a little fine powder
of emery was put between the convex and con-
cave picces of brafs, to make them more con-
gruous, and facilitate the motion that was to
be made ; and there was faftened to the upper
part of the turning-key a good wimble, with-
out which we prefugned the turning of the key
would not produce a fufficient motion; in or-
der to the making of which, it was, after the
firft trial, judged requifite to have a ftrong
man, that was ufed to exercife his hands and
arms in mechanical labours, upon which ac-
count we fent for a certain lockfmith, that was.
a lufty and dexterous fellow. ‘
ALy things, that were thought neceffary, be-
ing thus in readinefs, and a mercurial gage be-

ing conveyed into the receiver, we caufed the-

air to be diligently pumped out ; and then the
{mith was ordered to turn the wimble, and to
continue to lean a little on it, that he might
be fure to keep the turning-key from being at
all lifted up by the former mentioned fpring.
Wairst this man with much nimblenefs
and ftrengthgas moving the wimble, I watched
the gage, to obferve, whether the agitation of
the ftop-cock, and confequently the engine,

did not prejudice the experiment; and for

greater caution I caufed the pump to be almoft
all the while kept at work, though that feemed
not fo neceffary.

‘Waen the turner of the wimble was almoft
out of breath, we let in for hafte the air at the
cover of the receiver, by lifting up the turning-
key ; and nimbly removing the receiver, we
felt the pieces of brafs, betwixt whom the at-
trition had been made, and, as we expected,
found both of them very fenfibly warm.

Burt being willing to confirm the experi-
ment by afecond trial, which we hoped might,
after the experience taught us by the firft, be
fomewhat better performed, we caufed the
fmith, after he had well refrefhed himfelf with
reft and drink, tolay hold of the wimble again,
when the gage made itappear, that the recerver
was well exhaufted, fo that by further pump-
ing the quick-filver feemed not to be fL}rtlxer
deprefled.  Andin this fecond trial the nimble
{mith played his part fo well, the pump in the

Vor. II.°

mean while not being negletted, that when
we did as before haftily let in the air, and take
out the bodies, that had been rubbed againft
one another, they were both of them, efpecial-
ly the uppermoft, fo hot, thatI could not en- -
dure to hold my hand on either of them, and
they did for a confiderable time retain a not in-
confiderable degree of warmth.

TrEe fame day I caufed to be made at the
turners two bodies of wood, for fize and fhape
like thofe of brafs we had juft before employed ;
the upper of thefe was of hard oak, the other
of beach, fuch a difference between woods, to
be heated by mutual attrition, being thought
to be an advantageous circumftance. But though
the wimble was {wiftly turned as before, and
that by the fame perfon, neverthelefs the wood

“feemed not to me, (for all the by-ftanders were

not of my opinion) to have manifeftly acquired
any warmth ; and yet that there had been a
confiderable attrition, appeared by the great
polith, which part of the wood had evidently
acquired, which made me fufpet, that though
the wood feemed dry enough, yet it might not
really be fo, notwithftanding the contrary was
affirmed to me. But not being willing to fit
down with a fingle trial, I caufed the experi-
ment to be repeated with more obftinacy than
before ; the effe of which was, that the wood,
efpecially the upper piece of it, was brought
to a warmth unqueftionably fenfible.

EXPERIME'NT XLVL

About the flacking of quick-lime in the exbanfied
’ recesver. ’

HE feveral fcopes I aimed at in making
T the following trial are not neceflary to
be here particularly taken notice of.- . But -one
of them may be guefled at by the fubfequence
of this experiment to that immediately forego-
ing, and the pheenomena of it may be men-
tioned in this epiftle, upon the account of their
being exhibited by our engine.

WE took in an evaporating glafs a conve-
nient quantity of water, and having conveyed
it into a receiver, and well drawn out the air,
we let down into it by the turning-key a lump
of ftrong lime, about the bignefs of a pippin;
and obferved not, that at the firft immerfion,
nor for fome while after, there appeared any
confiderable number of bubbles 5 but within a-
bout % of an hour, as I guefled it, the lime
began (the pump having been and being ftill
plied from time to time) to fack with much
violence, and with bubbles wonderfully great,
that appeared at each new exfuion, fo that
the infide of the receiver, though pretty large,
was at length lined with lime-water, and 2
great part of the mixture did from time t0
time overflow the vefiel, that had pUI‘POfClY
been but little filled; nor did any thing but
our wearinefs put a period to the bubbling of
the mixture, whole heat was fenﬁblc_, even on
the outfide of the receiver, and which conti-
nued confiderably hot in the evaporating glafs
for £ of an hour, as I conjectured, after the:

recelver was removed.
N.B.
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Note. 'TuaT the lime employed about this
experiment, Was of a very good and i’cgong
kind, made of hard flones, and not fuch lime,
made of chalk; as is commonly ufed at London,
which probably would not have been ftrong
enough to have afforded us the fame phano-
menon.

EXPERIMENT XLVIL

Abous an attempt made to meafure the force of
the [pring of included air, and examine a con-
Jeture about the difference of its frength in
unequally broad mowth’d vefJels. ~

HOUGH feveral of the foregoing trials
have fufficiently manifefted, that the
fpring of the 4ir in its natural or wonted ftate
hath a force very confiderable, and indeed
much greater than men feem to have hitherto
believed; yet I could not hope by any of thefe
experiments to determine by any known weight,
how great that force is, fo as to conclude, that
it is equivalent to fuch a weight, as fo many
pounds, ounces, &c, and to no more. Where-
fore among the ufes I had defigned to make of
our fyringe formerly often mentioned, it was
one, to try, if by the help of that inftrument,
we could determine fomewhat near (for no
more was to be expected) how much weight_ a
cylinder of uncomprefied air included in it,
and confequently of the fame diameter with the
cavity of the barrel;” would be able to fuftain,
or alfo to liftup. ~ |
In order to this trial, 1. we provided a fta-
ble pedeftal, or frame, wherein the fyringe
might be kept firm, and erected. Next, we
alfo provided a weight of lead fhaped like our
brafs-hoop, or ring, formerly defcribed, that
by the advantage of its figure it might be
made to hang down by firings from the top of
the handle of the rammer, and f prefs evenly
enough on all_ fides, without making the upper
part of the inftrument top-heavy. 2, We
took care to.leave, between the bottom of the
{yringe, which was firmly clofed with {tron
cement) and that part of it where the fucker
was, a convenient quantity of air, to expand
itfelf, and lift up the weight, when the air ex-
ternal to that included air thould be pumped
out of the receiver.. And laftly, the handle of
the rammer (from which the “annylar weight
lately fpoken of depended) was fo faftened to the
turning-key of the cover of the receiver, that
the weight might notcompref the ajr included
in the fyringe, but leave it in its natural ftate
or wonted laxity, till the air were withdrawn
from the recejver,
Bur r}otwithﬁanding all this, when we 2¢-
tually tried the experiment, that happened,
which Ifeared. For though by this method
the included air would well enough lift up a
weight of feven or eight pound, yet when the
fammer came to be clogged with {o confidera-
blea weight, as my fcopein making the expe-
nment required, the inftrument proved not fo
ftanch, but that it was eafier for fome parti-
cles of air to force themfelves a paffage, and
8¢t away between the fucker and the infide of
3

the barrel, than to heave up fo great a weight.
And yet I have thought fit to relate the expe-
riment thus particularly, becaufe, if an exact
fyringe can be procured, which I fear will be
very difficult, but do not think impofiible,
this feems to be one of the likelieft and leaft
exceptionable ways I know, of meafuring the
force of the air’s fpring,

But defpairing to get fuch a fyringe, as [
defired, in the place where 1 then was, I be-
thought my felf of another way, by which I
hoped to be able, though not to arrive at an
exalt knowledge of the full force of the ajr’s
Ipring, yet, at leaft to approach nearer it than
L have been able to do by the help of the fy-
ringe.  For this purpofe, confidering with my
felf, that if a convenient quantity of air were
included in a fine finall bladder; 'the fides of it
would hinder the air from getting away, and
the limbernefs of them would permit the air to
accommodate it felf and the bladder to the §-
gure of a cylindrical veffel, into which it might
be put: :

\II)VHEREFORE with much ado I procured to
be made by a perfon exercifed in turning a cou-’
ple of hollow cylinders, whofe fides were of 3
fufficient thicknefs, that they might refift the
preflure of the air to be imprifoned in them,
and of fuch differing breadths, that the firft
had but one inch in diameter, and the fecond
two ; their depths being alfo unequal, that the
one might receive a much larger bladder than
the other. :

Witn the lefler of thefe, which was very
carefully turned, I made a diligent trial; whofe
circumftances I cannot now acquaint your lord-
fhip with, the paper, wherein they were am-
ply recorded, having been with other notes
belonging to this continuation unluckily loft «
but the moft confiderable things in the event
were, that it was very difficult to procure a
bladder {mall and fine enough for that little .
cylinder ; and that one,-which at length we
procured, would not continue ftageh for many
trials, but would after a while p%rt with a lit-
tle air in the well exhaufted receiver, when it
was clogged with the utmoft weight it could
fuftain : but whiltt it continyed ftanch we made
one fair trial with it, from whence we con-
cluded, that a cylinder of air of but an inch in
diameter, and lefs than two inches in length,
was able to raife vifibly, though but a little, a
weight of above ten pounds (I fpeak-of avoir-
dupoize weights, where a pound contains fix-
teen ounces.)  The manner of making this exs
periment, and the cautions ufed in judging of
it, your lordthip may learn by the recital of
the fubfequent trial; "my notes about which

were not {o unfortunate as thofe that concerned
the former, -

~ InTo a hollow cylinder of wood of four See Plate
two in diameter, furnithed VIILFig
with a broad and folid bottom or pedeftal, to zand 4

Inches in depth, and

make it ftand the firmer, was put a lamb’s or
theep’s bladder very ftrongly tied at the neck,
on which was put a wooden plug, marked with
ink where the edge of the cylinder was cop-
tiguous to it: this plug being loaden wich

weights,
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weights, amounting to 35 pound, (the upper-
moft of which weights was faftened to the
turning-key, to keep it upright, and to help
to raife it at firft) the receiver was exhaufted,
till the mark appeared very manifeftly above
the brim of the cylinder ; - and then, though
the ftring were by turningthe key quite flacken-
ed, yet the mark on the plug continued very
vifible : and when fo much air was let into the
receiver, as made the weight deprefs the plug
quite beneath the mark, upon the repumping
out of the air, the weight was without the help
of any turning-key lifted up, and by degrees
all the mark on the plug was raifed about § a-
bove the edge of the cylinder.

WaEREFORE we fubftituted for a feven
pound weight one that was eftimated at 14,
(for then we had not a ballance ftrong enough
to weigh it with,) and ufing the fame bladder
we repeated the experiment, only having a care
to {upport a little the uppermoft weight by the
turning-key, till the bladder had attained its
expanfion ; and then the weight being gently let
go, deprefled not the plug fo low, but thatwe
could yet fee the mark on it, (which yet was
all we could do,) though that part of the plug,
where the mark was, were manifeftly more de-
prefied than the other. '

For the clearing. up of fome particulars re-
lating to this tryal, we will fubjon the follow-
ing notes,

1. TuE plug is to be {o fitted to the cavity
of the cylinder, as eafily to flip up and down
it, without grating againft the fides of it, left
it needlefsly increafe the refiftance of the weight
ta be raifed.  And this plug ought to be of a
convenient length, as about an inch and a half
at leaft, that it may be the fitter to help to res
duce the bladder by compreffion into a fome-
what cylindrical fhape, and yet that it may not
be thruft in too deep by the incumbent weight ;
and that the weight might reft more firmly up-
on it, there was a broad and ftrong ledge made
- atthe top -of it, by which it might lean on e-
very fide upon the brim of the hollow cylinder.

2. Berore the inftrument was conveyed
into the receiver, the bladder (which ought to
be of a juft fize, and not full blown, and
of a fine and limber contexture) was put
into the cylinder, and by divers gradual (but
not immoderate) compreflions was reduced to
conform its felf, as much as might be, to the
cylindrical fhapeof the containing veffel. And
then the weight being put on, and taken off
again, there was a mark (in the form of an
horizontally placed arch) made withink, where

the edge of the brim of the hollow cylinder

did almoft touch the plug.  This we thought
neceffary to do, to avoid a miftake ; for we
muft not judge, that all the weight, that might
be raifed by our bladder, may pafs for the
weight fought after by our experiment ; fince
the air in the bladder is by reafon of the incum-
bent weight more comprefled than it was be-
fore, and confequently its being able to heave
up a great weight will not infer, that our com-
mon air is'able in its natural ftate {as they call
it) to exert {o great a ftrength; that weight
being only to be looked on as raifed or fuftain-

ed by the uncomprefled air,‘ that is, raifed-

or {uftained, when the plug is lifted up to the.

mark, fince till then the fpring of the air does.
but bring it back from its new ftate of adven-
titious compreflion to its natural or wonted
laxity. ,

3. WHEN, after the operation was ended,
we took the bladder out of the veflel, it had
obtained a formcylindrical enough; and though
it could be but two inches in diameter, yet it
was fo little, as to be but half an inch more
long than broad,

Tue reafon, why I chofe to have the two.

cylindersmade of the unequal diameters above-
mentioned, Wwas to examine, as far as by this
way I could, aconjefture I had, that the force
of the {pring of differing cylinders of air to
lift up folid weights would, at the very firft
raifing of the weights, be in duplicate propor-
tion to the diameters of their cylinders, (thofe
diameters being proportionable to the areas of
the plain fuperficies, againft which the air does
immediately prefs,) without very much confi-
dering the inequality, that maybe between the
quantity of the feveral parcels of air, whofe
preflures are compared.  Butit is to be remem-
bered, that I faid, at the very firft raifing of the
weights, becaufe prefently after that, the quan-
tity of the parcels of air may be very confide-
rable : for, asI have fhewn in another treatife,
two very unequal quantities of air being made
by their expanfion to poffefs two equal fpaces
the leffer quantity of air muft be much more
rarefied in proportion than the greater ; and
confequently, to bring this home to our pre-
fent argument, though both be lifted up 5 or £
of an inch, the fpring of a very little air muft
be much more weakened than that of a very
confiderable quantity, and fo it cannot continue
to lift up its weight, as the above-mentioned
proportion would (if it were not for this ad-
vertifement) feem to require. :
Taxkinc then our conjeture in the [enfe
now declared, the fuccefs of our trials is agree-
able to it, inviting us to conclude, that the air
in the bladder, which was but two inches in.
diameter, was able by its prefiure to counter-
vail the weight of 42 pound, which is about
four times, the weight, that we lately opferqu
the fpring of a cylinder of air of one inch in
diameter to be able to lift up. For though,
according to what we have formerly faid of a
duplicate proportion, 42 pound feems to be.
fomewhat more thart ought to have been lifted
up in the cylinder of two inches bore, -when
that of one inch lifred upnot above 10 pound;
yet this difagrees not with the hypothefis, if
we confider, that the fubftance of the bladder
ftraitens the cavity of the {maller cylinder in 2
greater proportion thanthat of the bigger.

5. THOUGH we have thus (as far as the

inftruments we were able to procure quld
affift us) meafured the preffure of included air,
yet I muft not forbear to advertife your lord-
thip, that confidering what I formerly obferyed
to you about the weight of an atmofpherical
pillar of an inch in diameter, I cannot but think,
that if a cylinder, or other convenient inftru-
ment, exactly tight, can be procured, the fprmgf
' o
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of an aeridl cylinder will appear to be greater
than we found it by the foregoing tryals ; in
which I confider, that, not to mention the re-

the weight that fhould lean upon it. And Seﬁ}’]}t)."g'
then wking a middle-fized and limber bladder, VII%
ftrongly tied at the neck, but not near full 3

fiftance of the bladder itfelf, the membraneous
fubftance, that lined the cylinders (though it
were very thin and fine) could not but fome-
what ftraiten their cavities, and confequently
fomewhat (though not much) leffen the dia-
meters of the included aerial cylinders,

blown, we preffed it by the help of the plug
into the cylinder to make it the better accom-
modate it felf to the figure ofit. Then taking
notice by an inky mark, how much the plug
was extant above the orifice of the veflel, we

]

laid the weights upon the plug, whofe rim or g, piye
6. To all thefe notes I muft add this adver-

tifement, that it may be therefore the more
difficult in fuch trials as ours to afcertain the

lip hindered it from being deprefled too deep viiI.Fig.
into the cavity of the veffel ; and having con- 5.

force of theait’s fpfing, becaufe that ait itfelf,
when it is concluded, being fhut up with the
preflure of the atmofphere upon it, it is proba-
ble, that fince that prefiure, as we have {hewn,
is not at all times the fame, the fpring of the
included air will accordingly be varied, ‘And
if my memory fail me not, when the lately
recited experiments were made, our baror_neter
declared the atmofphere to be fomewhat light.

- From what has been hitherto delivered,
this may refult; that itis likely, that the fpring
of an aerial cylinder an inch broad may be able
to fuftain, if not raife, a pretty deal more than
ten pound weight; and that the paft trials,
without determining that the air can raife no
more in them thanit did, do at leaft prove, that

itcan raife up asmuch weight as we have related,
fince we actually found it to do fo.

"EXPERIMENT XLVIL

About an eafy way of making a finall quantity of
included air raife in the exbaufed receiver 50
" 0r 60 pound, or a greater weight,

WOU LD very willingly have further pro-
I fecuted the foregoing trials, to fee how far
the lately propofed conjeéture or hypothefis
would hold ; but was hindered by the want of
receivers tall and capacious enough to contain
the weights, that fuch an attempt required :
but remembring, that there were not any expe-
riments made In our engine, that appeared
more ftrange to the generality of {peétators,
and ferved more to give them a high opinion
of the air’s {pring, than thofe, wherein they faw
folid bodies attually lifted up by it; and re-
membering, that I had lying by mea brafs vef:
fel, which had been befpoken for another ex.
periment, for which the workmen had not
made it fit ; I thought it not amifs to employ it
about making a trial very eafy, and yet fit to
be thewn to ftrangers, to convince them, that
the fpring of the air is
ble thing than they imagined.

Wz took then a brafs veffel made like acy-
linder, and having one of his orifices exaltly
covered with a fiat plate very firmly faftened
to it, the other orifice being wide open. The
depth of this veffel was four inches, and the
diameter (hould have been precifely, but wanted
about a quarter of an inch of, four inches. To
this hollow cylinder we fitted a wooden plug,
like one of thofe deferibed in the foregoing cx-
periment, fave that it was not quite fo long,
and that it was furnithed with a rim or lip,
which was purpofely made of a confiderable
breadth, that it might afford a ftable bafis to

faid plug

a much more confidera- °

veyed them into the receiver, we found, as we
expected, that if we had loaded the plug but
with a fingle weight, as to avoid trouble and

- the danger of ‘breaking the glafs we ufually

thought fit to do, though that were 2 common
half-hundred weight, which 'you know amounts
to 56 pound, it would very quickly be mani-
feftly heaved up by the fpring of the included
air.  For confirmation of more than which, I
thall fubjoin the enfuing trial, as I find it re-
corded among my loofe notes, -

THE weight, thatwas lifted up by the blad-
der in the cylinder faur inches broad, “was 75
pound: this weight ‘was lifted up till the
wooden plug difclofed the mark, that was to
thew the height, at which the air kept the

before it was compreffed; difclofed,
it I fay, vifibly at the fifth exfuction, and ar
the feventh that mark was $» or rather % above
the edge of the cylinder. Inthe gage, where
the mercury in the open air was wont to ftand
about § above the uppermoft glafs-mark, it
was deprefled, tillit was % below the fecond
mark,  When the air was let in, it was a pret-
ty while before the weight did ‘manifeftly begin
to fubfide ; the bladder being taken out, and
the place it had poffefied in the cylinder being
fupplied with a fleeve, or fome fuch thing, and
the weight laid again upon the plug, we found,
that at twenty-four exfuctions the mercury was
depréfled to the loweft mark of the gage; and
it was the thirty-fourth or thirty-fifth exfucion
before the receiver appeared to be fo exhaufted,
as to put an end to the finking of the mercury,

which was then above + beneath the loweft
mark, ‘ ‘

Your lordthip will cafily believe, that moft
of the fpectators of fuch trials thought it fome-
what ftrange to fee 'a finall quantity of air,
which was not only uncomprefled in the blad-
der, but did not near £ it, and left it very
foft and yielding to the Jeaft. touch, lift up fo
cafily by its bare {pring fuch great weights as
endeavoured to opprefs it. But this not being
any thing near a fufficient trial, how far the
conjecture or hypothefis formerly propofed will
hold, 1 thought fit to make the utmoft trials,
the talleft receivers I could procure would ad-
mit: and having caufed leaden weights to be
purpofely caft fiar like cheefes, and as broad as
we could conveniently put into the receiver,
that by the advantage of this fhape we might
be able to pile up the more of them, without
much danger that any of them thould be fhaken
down; we laid divers of them one upon ano-
ther, ard then the upper part of the receiver
growing too narrow to admit more of them,
we added a lefs broad weight or two ; and then

exhaufting
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exhaufting the receiver, till we perceived by
the gage, that the air was manifeftly withdrawn,
we found, as near as we could meafure, by the
help of 2 mark and a pair of compafles, that
the plug was fo far raifed, -as .that 1t was con-

cluded, that the elevation would have been -

much greater, if the included air, being put
upon {o great a conatus, had not found it eafier
to produce fome leak at the neck of the blad-
der,. than tolift-up {o great a weight, which by
our reckoning came toabout 100 pound of 16
ounces to the pound.  But this laft experiment,
for want of fome requifite accommodations;
we were “hindered from repeating and promo-
tng ; though the above mentioned hypothefis
made me prefume, that a far greater weight
might thisway have been raifed, if the bladder
had been ftanch, and the receiver high enough.
. I need not tell your lordthip, that if a larger
bladder be employed and included in 2 brals
veflel of a fufficiently wide orifice, a far greater
weight may be lifted up by the {pring of the
internal air. But yet it will not be amifs to give
your lordthip on this occafion this advertife-
ment, which may be fit to be taken notice of
on divers others 3 that care muft be had not to
make receivers, that ought to be well emptied,
too large, and efpecially too wide at the orifice;
for otherwife they will be expofed to fo great
a preflure of theatmofphere, that they need be
of an extraordinary firength to refift it 3 and
even recervers,  that feemed thick enough pro-
portionably to their bulk, and which held out
very well ull the clofe of the operation, yet
when they came.to be very diligently exhaufted,
they did, by reafon of the widenefs of their
orifices, begin to crack at the bottom.

. EXPERIMENT XLIX

N one of my publithed experiments I long
E fince told your lordfhip, that when I en-
deavoured,” by the help of a fealed bubble,
weighed in an exhaufted receiver,- to compare
the gravity of air and water, I was hindered
by the cafual breaking of the glafs from com-
pleating the experiment.  Wherefore I after-
wards thought fit torepeat the tiial ; and though
when I had done fo twice or thrice, having
given away the large receiver I had made ufe
of about them, and not being able ever fince
to procure 2 good one, that was capacious e-

* nough for the tender fcales I thought fo nice an

April the
19, 1662,

cxperiment required, I did not profecute that
attemnpt {o faras Lintended s yet this very diffi-
culty I met with, to procure the requifites of

making the trial, invites me to fubjoin the two.
& ] .

tollowing notes, which I find among my loofe
papers. :

W weighed abubble in the receiver, which
we found to weigh above half a grain heavier,
when much of the air was exhaufted, than
when it was full.  Afterwards we took out this
fealed bubble,and weighing it found it to weigh
68 grains and a half; then breaking off the
{mall tip of it under water, we found, that the
heat, by which it was fealed up, had rarefied its
included air, fo that it admitted 125 grains

of water, for the admitted water and glafs
Vor. HIL

weighed 1931 grains. Then filling it full with
water, we found it to contain in all 739 graing
of water, for it weighed 8oy z grains : whence
it is evident, that the difference between the
weightof water and air was lefs than 1228 to 1.
We weighed in the receiver a bubble, the
glafs of which weighed 6o grains: the air that
filied it, weighedin vacuo 37 ofa grain : the wa-
ter, that filled it, weighed 720 £ grains: o that
by thisexperiment the proportion of the weight
of airto water isas one to 8§53 £f.
TuE trials mentioned in thefe notes,
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though 1y ,6,

they were too few for me to acquiefce in, yet 1662

being. madein a new way, and which has fome
advantages above thofe, thathave been hitherto

employed to weigh the air, may yet ferve to

keep us from thecontrary extremes, that have not
been avoided by fuch eminent mathematicians
as Galileo and Ricciolus , the former of which
makes water to be about 4oc times as heavy as
the air; and the latter, whofe conjetture is
much remoter from the truth, 10;000 times
heavier. - . . S
But’it is fo defireable a thing, and may
prove of fuch importance, to know the pro-
portion in weight betwixt air and water; that I
thall not fcruple to acquaint your lordthip with
anattempt or two, that I made to difcover 1t by
another way. '~ For, though at firft fight this
experiment may feem to be the fame with one
publithed a pretty while ago in"the learned
Schottus his -Mechanicn hydrolico-pneumatica 3
yet your lordfhip will eafily perceive this diffe-
rence between them s that, whereas the in-
duftrious author of that experiment contents
himfelf to fhew, by the diminution of the
weight of a glafs, when the air has been drawni
out of it, that the air, before it was drawir out,’
wasnot devoid.of gravity s - -the following trial
does not only perform the fame thing, and by
a fuperadded circumftance confirm the truth to
be thereby proved, but it endeavours alfo to
thew the proportion in gravity betwixt the air
and water.. ‘The trials themfelves were regif~
tered among my Adverfaria as follow :
. A {mall receiver being: exhaufted of air by
the engine, and counterpoifed whilft it" conti-
nued fo; the ftop-cock was turned, and the
air re-admitted, which made it weigh 36 grains
more than it did before : and to prevent jea-
loufies, we caufed it to be applied the fecond
time to the engine, by which the air being
emptied once more, - the glafs was put into the
other fcale of the former ballance, and fo coun<
terpoifed ; and .then the externalair being re-ad-
mitted, (which rufhed in as formerly with a
whilftling noife,) there was found 36 grains or
better requifite  to reftore the ballance to an
zquilibrium. b o '
WE took a fimall glafs receiver fitted with a
ftopcock, and-having exhaufted it of the airy
and counterpoifed it, and let in the outward air,:
¢ found the weight of the veffel to be in-
creafed by that admiffion 36 grains. This
done, we took the recciver, after having xyell
counterpoifed it, out of the fcale ; and having
applied it the fecond time to the engine, we
once moré withdrew the air, and then turning

the ftop-cock to keep out the external air
‘ we
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we took care, that none of the cement, em-
ployed to join it to the engine, fhould ftick to
it, as we had diligently freed it from adherent
cement, before we laft applied it to the engine.
‘Then weighing it again, we found it to weigh
either 35-0r 36 grains (but rather the former)
heavier than it did, when it was laft counter-
poifed in the fame ballance.. This being alfo
done, we immerfed the ftop-cock into a bafon
of fair water, and let in the liquor, that we
might find, how much water would {fucceed in
place of the air we had drawn out. 'When no
more water was impelled in, we turned the
ftop-cock once more, to keep it from falling
out, and then weighing it in the fame {cales,
(after we had wiped the ftop-cock, that no
water might ftick to it on the outfide,) we
found the water (without computing the veffel)
to weigh 47 ounces, 3 drams, and 6 grains,
which divided by 35 grains, (which I teok to
be the weight of the air, that was equal in bulk
to this water that fucceeded it,) the quotient
was (wanting a very little) 650 grains, for the
propottion of the weight between air and water
of the fame bignefs, at the time When the ex-
periment was made : which circumftance 1
therefore take notice of, becaufe the atmo-
Aphere appeared by the barofcope” (wherein the
mercury ftood thenat2ginchesand three quarters)
to bevery heavy; whichmade methe lefs won-
der to find this proportion not fo great, as at
other times I had obferved it to be between wa-
ter and air in point of weight: though I fuf
pected, that becayfe this odd experiment can-
not be nimbly difpatched, fome little air may
have got ih at the ftop-cock, befides the air
that difclofed itfelf in numerous bubbles in the
water that was admitted, where, though it la
in fuch {mall particles as not to be difcerned be-
fore, yet thefe particles by this opportunity
to expand themfelves, extricated themfelves
from the water, and by getting together might
fomewhat refift the ingrefs of more 3 which is
a difficulty, whereto the meafuring the pro-
portion between water and air in a heated oli-
pile is liable. But the ftealing in of any air,
before the water was letin, is mentioned but as
a fufpicion. :
- Your lordthip may perhaps think it fome-
what ftrange, that I fhould prefent you trials,
whofe events do not fo well agree together, as
perchance you expefted.  But this very difa-
greement was one of the motives, that induced
me toacquaint you with them : for all thofe
comprifed in thefe experiments being made
taithtully, and not without, at the leaft, an ordi-
naiy diligence, as they feem to make it pro-
bable, that one-may without any great error
eftimate the proportion of our Englith air to
water to be as-one to fomé number between 600
and 1100 5 0 it is not to be expeted, that
the proportion, whateverit be that thould be
pitched upon, thould be accurate, and ftable,
For though learned men feem to have hitherto
taken it for granted, that it may fuffice once for

-

. * Tn the Hydrofratjcal Paradoxes.
in the Englith edition o
Seeulfo the caufe of

2

4+ Inan Appendix to thofe Paradoxes.

f the newly mentioned appendix, but not in the Latin verfion. )
is‘phnomenon difcourfed of in the author’s Hiftory of Fluidity and Firmnefs

all diligently to invefligate the proportion bes
twixt thofe two bodies, yet, not only that I am
apt tobelieve, that a determinate quantity of air
(as a pint or quart) may be unequally heavy in
diftant countries, and even in differing places
of the fame country ; but what I have taken
notice of in the 17th of the printed experi-
ments, and afterwards frequently obferved of
the great inequalities of the weight of the
atmofphere, inclines me to think, that in the
felf fame place two experiments may be made
with the {ame inftruments, and equal diligence,
and yet the weights of the air may be found
differing enough -3 which may keep your lord-
thip from much wondering, that in the 36th
printed experiment, made when I had the va-
riations of the atmofphere’s gravity in my eye,
I found the air to belefs ponderous in reference
to water, than in thefe lattertrials. Butof this,
I hope, Ifhall, if God permit, make further
trials with the fame veffels, at times when I {hall
perceive by the barofcope, that the gravity of
the atmofphere is very great and wery:{mall.
And I wifh the curious would make the like tri-
als in other regions. I do not forget, that not
only the fchool-philofophers, but moft of the
moderns deny, that air hath any weight in air,
nomore- than waterin water ; but having * elfe-
where declared and explained my fenfe about
this received opinion, I thall not here fpend
any of the little time [ have remaining, to juf-
tify my diffent; for which your lordfhip may
find fufficient grounds in the newly related ex-
periments, efpecially if you pleafe to confider;
that though the opinion I difallow. have been
chiefly and generally grounded upon fome ar-
guments {uppofed to evince, that water has no
weight in water, I have 1 elfewhere fhewn thofe
proofs not to be cogent, and taught a practical
way of weighing water in water, with a pair of
ordinary feales ¢, - ‘
" EXPERIMENT. L,

About the disjoining of two marbles (not other:
- wife to be pulled afunder without a great

weight ) by- withdrawing the preffure of the
- air from them.

Y N our formerly publithed experiments about

the air [, I did, if I mifremember not, ac-
quaint your lordfhip with an atteript I had
made to make a coupleof coherent marbles fall
afunder, by withdrawing the air from them.
But though Ithenefteemed, that their cohefion
depended upon the preffure of the air, yet not
being at that time furnithed with all the accom-
modations requifite to make an experiment not
cafy to be performed fucceed, I thought fit,
when T had afterwards opportuni?r,_ to profe-
cute what I then began, and add fome circum-
ftances, thatI could not then make trial of, and
yet whofe fucce(s will not, I prefume, be unwel-
come, fince it fupplies us with no lefs than mat-
tersof fact 5 whence we may argue, thisthat ex-
periment of coherent marbles (which not only

the

T This method was omitted
f" Experiment XXXI.



touching the Sp R
‘the Ariftotelian plenifts have much triumphied
in, but which fome recent favourers of our hy-
pothefis have declared them{elves to be troubled
with) is not only reconcileable to our doctrine,
but capable of being made a confirmation of
it ; notwithftanding what has lately been.pub-
lithed. (upon the fuppofition of a cafe; which
at firt bluth may feem fomewhat of a kin to
our experiment,) by a very learned ¥ writer,
to whofe objection againft our hypothefis;
“though as well confidently as very civilly pro-
pofed, an anfwer may in due place, if your,
lordthip defire it, be'returned. = =
Wz took, two flat round marbles, each of
them of two inches and about three quarters in
diameter ; and having put a little oil between
them to keep out the air, we hung at a hook
faftened to the lowermoft a pound weight to
{urmount the cohafion, which the tenacity of
«the oil and the imperfec exhauftion of the re-
ceiver might give them.  Then having fuft
pended them in the cavity of a receiver, at a
ftick that lay horizontally a-crofs it 5 when the
«engine was filled, and ready to work, fhe fhook
it fo ftrongly, that thofe, that were wont to
‘manage it, contluded, it would not be near fo
much fhaken by the operation. Then begin-
ning to pump out the air, we obferved the
marbles to continue joined, until it was fo far
drawn out, that we began to be diffident whe-
ther they would feparate. But at the 16th
~fuck, upon the turning of the ftop-cock, (which
gave the air a paflage out of the receiver into
the pump,) the thaking of the engine being
almoft, if not quite, over, the marbles fpon-
tancoufly fell afunder, wanting that preffure of
the air, “that formerly had kept them together :
-which event was the more confiderable, not
only becaufe they hung parallel to the horizon,
but adhered fo firmly together, when they were
put 1n, that having tried to pull them afunder,
and thereby obferved how clofe they ftuck to-
gethet, I foretold it would coft a good deal of
pains fo far to withdraw the air, as to make
them feparate : which conjecture your lordfhip
will the lefs wonder at, if I add, that a weight
of 80 and odd pounds, faftened to the lower-
moft marble, may be drawn up together with
the uppermoft, by vertue of the firmnefs of
their cohefion. ; ,
- N.B. Tuis is, not the only time, that this
experimerit fucceeded with us. For fometimes,
when they were not {o clofely preflfed together
before they were put in, the disjunétion was
made at the 8th fuck, or fooner, and we
feemed to ourfelves to obferve, that when we
hung but half a pound weight to the lower
miarble, it required a greater exhauftion of the
receiver to feparate them, than when we hung
the whole pound. ]
ArTER, having proceeded thus far with
the inftruments we then had, meeting with an
artificer, that was not altogether unfkilful, we
direCted him to make (what we wanted before
in that place) fuch a brafs-plate, to ferve for a
cover or cap to the upper orifice of receivers
open at the top, as we have divers times had

ING of the A1R.

occafion to mention already in giving accounts.
of fome of the foregoing trials : by the help of
which contiivance we profecuted the newly re-

lated experiment much farther than we could
do before; as may appear by the following

‘account,
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~ Wk faftened to the lowermoft. of the two Sif gff‘fé..__
marbles a weight of a very few ounces, (for I 1V.Fig.&

remember not the precife number,) and having
cemented the capped receiver with the marbles
in it, as before, to the pump, we did by a
ftring, whereof one end was tied to the bottom
of this turning-key, and the other to the up-
permoft marble, .and which (ftring) pafled
through the crank or hook belonging to the
brafs-cover ; we did; Ifay, by the help of this
ftring; and by turning round the key, driw up
the fuperior marble; and by reafon of their co-
herence the lowermoft alfo, together with the
weight that hung at it : by which means being

fure, that the two marbles ftuck clofe together, -

we began to pump out the air; that kept them
coherent ; and after a while; the air being
pretty well withdrawn; the marbles fell afunder.
But we having {o ordered the matter, that the
lowermoft could fall but a little way beneath
the other, we were able by inclining and fha-
king the engine to place them one upon .gr}o_ther
again, and then letting in the air fomewhat
haftily, that by its {pring it might prefs them
hard together, we found the expedient to fuc-

ceed fo well, that we were not only -able by

turning the abovementioned cylindrical key, to
make the uppermoft marble take up the other,
and the annexed weight; but we were fain to

‘make a much more laborious and diligent ex-

hauftion of the air, to procure the disjunction of

‘the marbles this fecond time, than Wwas$ necef-

fary to do it at the firft. D
Anp for further prevention of the objections

or feruples, that I forefaw fome prepofieflions

might fuggeft, I thought fit to make this fur-
ther trial; that when the marbles were thus

afunder, and the receiver exhaufted, we did,

before we let in the air, make the marbles fall
upoh one another as before ; but the little and

highly expanded air, that remained in the re-

ceiver, having not a {pring near ftrong enough

to prefs them together, by turning the key we

very eafily raifed the uppermoft marble alone;
without finding it to ftick to the other as before.
‘Whereupon we once more joined the marbles
together, and then letting in the external air,
we found them afterwards to ftick fo clofe,
that I could not without inconvenience ftrain
any farther, than [ fruitlefly did, to pull them
fairly afunder ; and therefore gave them to one
that was Ttronger than I, to try, whether he
could do it, which he alfo in vain attempted
to- perform. » o

Axnp now, my lord; though I had thoughts
of adding divers other experiments to thofe
I have hitherto entertained you with ;5 yet
(upon a review) finding thefe to amount al-
ready to fifty, I think it not amifs to make a
paufe at fo convenient a number. And the
rather, becaufe an odd quartainary dlﬁempg;
: t

* Dr. H. M. in the fecond chap, of the »fccond book, of the new edition in folio, of his Antidete againft Atheifm.
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that I flighted fo long, as to give it time to
talze roolt% is now grown fo troublefome, that I
 fear it may have too much influence upon my
ftyle ; which apprehenfion obliges me, as well

to avoid abufing or diftrefling your lordthip’s

patience, as to allow myfelf fome feafonable
refrefhment, to referve the mention of the de-

figned additions, until they can with lefs trouble
‘to us both be prefented you by,

My dear lord,

Your lordfhip’s moft humble fervant,
and affe&tionate uncle, .

I
Oxford, March 24, - .
ey, P RoBerT BoyLE,

N O T

" E S &

. ABOUT THE
:ATMOSPHERESIOF ConsisTENT BopIES here below.

SHEWIN G,

That even Haxo and Sov1p Bopits (and fome fuch, as one would
{carce fufpeét) are capable of emitting EFFLUVI A, and {o of

‘having ATMO SPHE RES.

ADVERTISEMENT.

~the following paper, " will eafily
believe me, when I tell him, that
it was not defigned to come abroad
with the experiments, in Whofe ‘company it
now appears.  But the flationer carneftly re-
prefenting, that divers experiments being re-
ferved by me for another occafion, the remain-
, ing “ones alone ‘wouild not ~give the book a

thicknefs - any * thing proportionable ‘to s

breadth 3 I confented, at his {ollicitation, to
annex -to them the following  obfervations,
becaufe of fome affinity between the fmall at-

mofpheres of leffer bodies, and- the great at-
- mofphere that furrounds the terreftrial globe ; in
which the other, that do at leaft help to com-
pofe it, are loft and confounded, as brooks and
rivers are in the ocean.  And to fave the reader
the pains of making gueffes, to what kind of
writing the enfuing difcourfe may belong, I

Of the ATMOSPHERES
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FFHE fchool philofophers, and the vl

gar, in confidering the more abftrufe

operations and phmenomena of nature,
are wWont to run into-extremes 3 which, though
oppofite to one another, do almoft equally con-
tribute to keep men ignorant of the true
caufes ‘of thofe eflects they admire. For the
vulgar, being accuftomed to converfe with
fenfible ‘objcdts, and to conceive grofly of
things, cannot cafily imagine any other agents

1efe that they can fee, if not

in nature,’ than; t}
al{o touch, and handle; and ‘as foon as they
) ,

'E tBat thall take the pains to perufe

fhall here intimate, that it is difmembred from
certain papers about occult qualities in general,
which make part of the notes Ilong fince de-
figned, and alfo partly publithed, about the
origin of qualities, of which notes thofe, that
concerned effluviums, being the moft copious,
1 referred them to four general heads ; whereof
the firft only is treated of in the following dif-
courfe, the others being withheld, as having
‘not affinity enough with the acmofphére to ac-
‘company this, whereon they have no fuch ah.
folute dependence, but that they may welj
enough fpareit. “And I make the lefs fcruple
to let it appear without them, becaufe the in.
ducements already mentioned are not a little

ftrengthened by this {uperadded confideration,
that the following notes

: may give light to fe-
veral of the obfervations I have made, of fome

lels heeded phenomena of the alterations of the

air, in cafe they be allowed to enter into the
Appendix to this Continuation. |

of CoNstsTENT Bopiks,

meet. with an effedt, that they cannot afcribe
to fome palpable, orat leaft fenfible efficient,
they are, and ftick not to confefs themfelves
utterly at -a ‘lofs, And though the vulgar of
philofophers will not acknowledge themfelves,
tobe pofed by the fame phanomena with the
vulgar of men, yet in effet they are fo, Byt
the fchool-philofophers, on the contrary, do
hot only refufe to acquiefce in fenfible agents,
but, to folve the more myfterious phaenomena
of nature, nay and moft of the familiar ones
too, they feruple not to run too far to the other

fide,
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fide, and have their recourfe to agents, that are
not only invifible, but inconceivable, at leaft
to men, that cannot admit any, fave rational
and confiftent notions: they afcribe all abftrufe
effefts to certain fubftantial forms, which how-
ever they call material, bccgufc of ‘their gle;
pendence on matter, they give fuch deferip-
tions to, as belong but to fpiritual beings : as
if all the abftrufer effects of nature, if they be

not performed by vifible bodies, muft be fo

by immaterial fubftances; whereas betwixt vi-
fible bodies and {piritual beings thereis a mid-
dle fort' of agents, invifible corpufcles; by
which a great part of the difficulter phzno-
mena of nature are produced, and by which
may intelligibly be explicated thefe phenome-
na, which it were abfurd to refer to the for-
mer, and precarious to attribute to the latter,
Now for method’s fake I will refer the notes;
that occur’ to me about. effluviums, to four
heads ; whereof the firft is mentioned in the
title of this-paper, and each’of the other three
fhall be fucceflively treated of in a§ many” dif-
tinét ones, . ’ :
 Trart Auid bodies, as liquors, and fuch
gs are manifeftly either moift, or foft, fhould
eafily fend forth emanations, will prefume be
granted without' much difficulty 5 efpecially
confidering, the fenfible evaporation, that is ob-
vious to be obferved in water, wine, urine, &c.
and the loofe contexture of parts, that is fip-
pofed to be requifite to conflitute- foft bodiés,
(as flowers, balfoms, and the like:) but that
even hard ana:pondero"iJ:s' bodiés, notwithftand-

ing the folidity and firi® cohefion of their
component parts, fhould likewife einit fteams,
will to many appear improbable enough to
need to be folemnly proved. = L
.. WHETHER you admit the atomical hypo-
thefis, or prefer the Cartefian, I think it may
be probably deduced from- eithet,  that very
many of the bodies, we are treating of, may
be fuppofed exhaleable as to their very minute
parts.  For, according to the doltrine of Lu-
cippus, Democritus, and Epicurus; each indi-
vifible particle of matter hath effentially either
a coriftant a¢tual motion, or an unloofeable
endeavour after it; fo that though it may be
{o complicated in fome concretions with other
minute parts,. as to have its avolation hindered
" for a while; yet it can fcarce otherwife be,
‘but by this inceffant endeavour of all the
atoms to get loofe, fome of them fhould from
time to time be able to extricate themfelves,
and fly away. And though the Cartefians do
not allow matter to have any innate motion,

yet, according to them, both vegetables, ani-

mals, and minerals, confift of little parts fo.

contexed, that their pores give paffage to a
celeftial matter 3 fo that this matter continually
ftreaming through them, may well be pre-
fumed to fhake the corpulcles, that compofe
them: by which continued contuffion now
fome particles, and then others, Will be thrown
_and carried off into the air, or othér contigu-
ous body, fitted to receive them. But though
by thefé, and perhaps other confiderations, 1
might endeavour to fhew 4 priori, as.they
fpeak, that it is probable confiftent bodies

Vour. I, :

themfelves are exhaleable, yet I think it may
be as fafisfactory, and more ufeful, to prove it
a pofteriori, by particular experiments; and
other examples, '

Tw a T then a dry and confiftent form does
not neceflzrily infer, in the bodies that are en-
dowed with it, an indifpofition to fend forth
freams, which are, as it were, little colonies of-
particles, is evident, not only in the leaves of
damafk rofes, whether freth or dried ; as alfo
in' wormwood, mint, rue, &c. but in amber-
greefe, muflz, ftorax, cinnamon, nutmegs, and
other odoriferovs and {picy bodies. But more
emincit examples to our piefent purpofe may
Be afforded us by camphire, and volatile falts,.
fuch as are chemically obtained from harts-
horn,; blood, &c. for ‘thefe are fo fugitive; e
that fometimes I have had a confiderable lump
of volatile falt (either of fermented urine, of
of harts-horn) fly away by little and little out.
of a glafs, that had been carefully fopped
with a cofls, without leaving fo muth ‘as a
grainof falt behind it. ~And as'for camphire;:
though by its béing uneafy to be powdered, 1t
feem to have fomething of toughnefs or tena-
city in it; yet Iremember; ' that having for
trial’s fake counterpoifed it in nice {cales, even:
a fmall lump of it would in a few hours fuffet”
4 vifible Iofs of its weight, by the avolation of
ftrongly fcented corpufcles, and this, though
the experiment were madebothin a north win=
dow, and in Winter, Lo

Bur I expe@t you fhould require inftdrices
of the effuviums of bodies of - a clofe or folid
texture : wherefore I proceed  to take notice;’
that amber; hard-wax, and inany other elec

“trical bodies do, when they are rubbed, emit

¢fuviums.- For though 1 will not now med-
dle with the feveral opinions about the caufe
and manier of elérical attraftion, yet befides
that almoft all the modern naturalifts, that aim
at explicating things intelligibly, afcribe the
attraltion we are fpeaking of to corporeal
effluxes ; and befides that I fhall ere long have
occafion to thew you, that there is no need to
admit with Cartefius, that becaufe fome eleftri-
cal bodies are very clofe and fixed, what they
emit upon rubbing is not part of their own
fubftance, but fomewhat that was harboured
in their pores : befides thefe things, I fay, I
have found, that many ele@trical bodies may by
the very noftrils be difcovered, when they are
well rubbed, to part with ftore of corpufcles;
a5 I have particularly, but not without atten-
tion, been able to obferve in amber, rofin;
brimftone, &c. , )
I know not, whether it will be worth while
to take notice of the great evaporation I have
obfetved, even in winter, of fruits, as apples;
and of bodies, that feem to be better covered;
as eggs ; which, notwithftanding the clofenefs
of their fhels, did daily grow manifeftly lighter
and lighter ; as T obferved in them, and di-
vers other bodies, that I kept long in fcales;
and noted their decrements of weight. But
perhaps you will be pleafed to hear, that ha:
ving a mind to thew, how confiderable an eva-
poration is made from wood, I caufed & thin
cup, capable of holdm% about a pint; or mortcé

65
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to be turned of a wood, that was chofen by -

the turner as folid and dry enough, 't}mough it
were not of the clofeft fort of woods, fuch as
are lignum vit®, and box. And as I caufed
the fhape of a cup to be given it, that it mlgbt
have a greater_ fuperficies expofed to the air,
and confequently might be the fitter to emit

- ftore of fteams into it; fo the fuccefs did not

only anfwer my expeftation, but exceed it:
for though the trial were made fome time in
winter, there was {0 ‘quick and plentiful an eva-
poration made from the cup, that I found it
no eafy matter .te counterpoife it; for whilft
grains were putting into the oppofite feale, to
bring’ the tender balance to an zquilibrium,
Jhe copious avolation of invifible fteams from
the wood (which had fo much of fuperficies

contiguous. to the air) would make the fcale’

that held it fenfibly too light. . And I remem-

ber, -that for-. farther fatisfattion,. being aftes-, -

wards in a.city, where there were both good.

matgerials and workmen, I ordered to be made

abowl, about the fame bignefs with the for-
mer,. of well feafoned wood, which being fiyf-
pended in the chamber I lay in,. (which cir-
cumftance I therefore ‘mention, . becaufe the
weather and a Bittle phyfick I had taken obliged

me #0.kecp a fire there,) it quickly began ma-

nifeftly to loofe of uts weight ; and though the
wiiolecupwanted near two drachms ‘of near two
ounces, yet in twelve hours, viz, from ten
of the clock in the morning to the {ame hour
at night, it loft about 40 grains, (for it was
above 39.)i But of fuch experiments, and the
cautions belonging o them, I may elfewhere
fpeak farther. . " o
_ L were not difficult for me to multiply in-
ftances of the continual emanation of fteams
from vegetable and animal fubftances; but I
am not willing to enlarge myfelf upon this
fubject, 'wbaﬁéﬁ I eonfider, that there are other
bodies, which feem fo much more indifpofed to
part with effluviums, that a few ‘Inftances
given in fuch may evince what I would
prove, much more than a multitude produced
in other bodies. And fince I confider, that
thofe fubftances are the moft unlikely to afford
effluvia, that are either very cold, or very pon-
derous, or very folid and hard, or very fixed ;
if Tican fhew you, that neither of thefe quali-
fications can keep a body from emitting fteams,
I hope I fhall"have made it probable, that
there is no {art of bodies here below, that may
not be thought :capable of affording the cor-
‘poreal emanations we fpeak of.

-~ Axo firft I remember, that I have not
only taken eggs, and in a wery fharp win-
ter found them, notwithftanding the cold-
nefs of the air where I kept them, to grow
fenfible lighter, in a faithful pair of fcales, in
not very many hours; but becaufe ice is
thought the coldeft vifible body we know, I
thought fitto fhew, that even’ this body will
loofe” by evaporation 5 for having counter-
Poifed 2’ convenient quantity of ice in a good
balancg, and forthwith expofed it therein to
the cold air of a frofty night, that the evapo-
rations ﬂlo,uuldybc’ from ice not from water, 1

found the next mofning, that though the feale,

wherein the ice were put, was dry, which
arguedas well as the coﬁlnefs of the weather,
that the cxpofed concretion had not thawed 4
yet I found its weight to be confiderably di-
minifhed, and this experiment I fuccefsfully

. made in more than one winter, and in moré

than one place.  And it is now but a few days
fince, expofing not long before midnight lefs
than two ounces of' ice in a good balance to &
tharply freezing air, I fent for it before I was
up in the morning ; and though by the drinefs
of the fcales the ice, that was in ene of them,
agpc‘ared not to have thawed, yet it had loft
about ten grains of its former weight ; fo that
here the evaporation was'made in fpite of a
double cold, of the ice, ‘and of the air.

1 thould now proceed to the miention of
ponderous and folid bodies 3 but before I da
fo, it may be expedient to ‘givé you notice,
that, to make the proof of what I"have pro:
pofed more fatisfactory, and more applicable
to our future purpofes, I fhall forbear to give
you any exarnples of the exhalationsof bodies,
where fo potent.an agent as the fire is-made
to intervene. C o TSR
-Bur though I-purpofely ‘forbear to infift
on fuch examples, ‘yet it may ‘not'be amifs to
intimate, that in explicating fomme occule qualis
ties, even fuch cgd;ﬁtions, as are produced by
the help of the fire, may be fit to be takeni
into confideration, as we may hereafter have
occafion to fhew.  And therefore: we may obs
ferve in general, that the fire i§' able to put

the parts of bodies into fo vehement a motion;

that except gold, glafs, and a very few mate;
there are not any bodies 1o fixed 4nd folid,  ‘thas
it'is not thought-capable to diffipate” either to-
tally, . or in part. It isknown to thofe, that
deal in the fufion of metals, that not only lead
and tin, but much harder bodies will emit co-
vious and hurtful fteams.  And there are fome
inds of that iron, which our finiths call cold-
thare iron, aboyt whofe fmell, whilft it was red
hot, when I made inquiry, the ingenioufeft
Imith 1 had then met with told me, that he
had found it feveral times to be fo ftrong, and
rank, that he could fearce indure to work with
his hammer thofe parcels of metal , whence it
proceeded.  And even without being brought
to fufion, hot only brafs, and cepper will, be- -
ing well heated, become ftrongly fcented, but
iron will be fo too, as is evident by the un-
pleafing fmell of many iron ftoves. And
on this occafion [ might not impertinently
add. here a trial we made to obferve, whe-
ther the fteams of iron may not be made,
though not immediately vifible, yer percepti-
ble to the eye itfelf, though the metal had not
a red, much. lefs a white heat. But having
elfewhere related it at large, in a difcourfe you
may command a fight of, I fhall rather refer
you to it, than loofe the time it would take up
to tranfcribe jt. ' '
‘Tuzese things premifed, 1 proceed now to
the. mention of ponderous bodies ; and con-
cerning, them, to reprefent, that if you will ad-
mit what almoft all' the corpufcularians affes,
and divers of the peripateticks do not now
think fit to deny, that the magnetical opers-
tons
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tions are performed by particles iffuing forth
of the body of the loadftone, or other magne-
tical agent; I fhall not need to go far for an
inftance to our prefent purpofe, fince I have
hydroftatically found, that fome loadftones (for
I have found thofe minerals very differing in
gravity) are fo ponderaus, as to exceed double
t:he1 l;aveiglrxt of flints, or other {tones of the fame
bulk, 5
BuT not to infift on loadftones, ftone-cutters
will inform you, as they did me, that black
- marble, and fome other folid and heavy ftones,
will, upon the attrition they are expofed to,
when the workmen are polithing them, efpe-
cially without water, emit, and that withour
the help of external heat, a very fenfible fimell;
which I found to be much mare ftrong and of-
fenfive, when, to make it o, I had the curiofi-
ty to caufe a piece of folid black marble to
have divers. fragments ftruck off from it with a
~chizel and 2 hammer: for the -ftrokes fucceed-
ing one another faft enough to make a grear.
concuffion of the parts of the black marble (for
in white, which is not fo folid, the trial will
not {ucceed well) there quickly followed, as I
expected, a rank unpleafant fmell; and you

will grant me, I know, that odours are not dif- -

fufed withoutcorporeal emanations. I remem-
ber allo, that having procured: fome of thofe
acuminated and almoft conical ftones, that. pafs
among the vulgar for thunder-ftones, by rub-
bing them a little one againft the other, I
could eafily, according to my expeation, excite
a ftrong fulphureous ftink. I have alfo tried,
upon a certain mineral mafs, that was ponde-
- rous almoft as a metal, but to me it feemed
rather an unufual kind of marchafite, that I
could in a trice, without external heat, make it

emit more ftrongly feented exhalations, than I

could contentedly endure; to which I fhall add
this example more, that having once made a.
chemical mixture of a metalline body and
coagulated mercury, which you will believe
could not but be ponderous, though this mix-
ture had ‘already endured as violent a fire as
was peceffary to bring it to fufion, in order to
caft it into rings; yet it was fo difpofed to
part with corporeal effluxes, that a very inge-
nious perfon, that practiced phyfick, and was
there when I made it, earpeftly begged a little
of it of me for fome patients troubled with di-
ftempers in the eyes, and other parts remote
enough from the hand; which hs affirmed
himfelf to have very happily cured, by making
the patient wear a ring of this odd mixture, or
awearing a little of it as an appenfum near the
difaffeéted part. If you make a vitrum Saturni
with a good quantity of minium in reference to
the fand or cryfial, which it helps to bring to
fufion, you fhall have a glafs exceeding ponde-
rous, and yet not devoid of electricity : and I
remember, that having fometimes caufed brafs
1t {elf to be turned like wood, that I mighttry,
‘Whether fo great, though invifible, a concuf-
fion of all the parts would not throw off fome
-fteams, that might be finelled, I was not re-
.duced to' forego my expeétation ; but yet be-
caufe it was not fully anfwered, and becaufe
alfo there is great difference of brafs upon the
. 2 :

fcore of the lapis calamingris, whereof together
with copper it is made, T enquired of the
workman, who ufed to turn great quantities of
brafs, whether he did not often after find it
more ftrong ; and he informed me, that he did,
the {mell being fometimes fo ftrong, as to be
offenfive to ftrangers, that came to his fhop,
and were not ufed to it '

I proceed now to the effluviums of folid and
hard bodies ; of which, if moft of our corpuf-
cularian philofophers, and divers others be not
much miftaken, T may be allowed to give in-
ftances in all elecrical bodies, which,as I have
already noted, muft according tn their dotrine
be acknowledged to operate by fubftantial ema-
nations. _
obferved divers, that are of {0 clofe a texture;
that aqua fortis itfelf, nor fpiric of fale will
work upon them, and to be fo hard, that fome
of them will ftrike fire like flints. Of the for-

. mer fort I have found divérs gems, which T

named in my notes abaut eleftricity; and even
the cornelian itfelf, which I found to attra&
hairs, though it be’ thought to be of a much,
flighter texture than precious ftones, did yet re-
fit aqua fortis, as I tried in a lgrge ring,
brought out of the Eaft-Indies, which I pur-
pofely broke, and reduced fome part of it to
powder,. that I might make thefe and fome
other trjals withit, Rock ¢ryftal alfo, though

it have a very. manifeft attractive virtue, as:

they callit, I have yet found it fo hard, as’ tf?
ftrike fire rather better than warfe than ' ordi-
nary flints.  And to thew, that no hardnefs of
a body is inconfiftent with its being eleétrical,
I fhall add, that though diamonds be confeft

to be the hardeft bodies, that are yet knownin -

the world, yet frequent experience has.'a{fo ed
me, that even thefe, whether raw or Pohﬂled;
-are very manifeftly, and fometimes vigoroufly
enough, cletrical, ' |
AND to let you fee, that Ineed not to have
recourfe to this kind of bodies, to prove, that
very {olid ones are capable of -effuvia; I will,
to what I have formerly noted -about the odour
of black marble, fubjoin two or three exam-
ples of the like nature. R
- TuE firft thall be taken from a fort of con-
cretions very well known in divers parts of
Italy by the name of cugoli, becaufe of the
great ufe, that is made of it by the glafs-men:
JT'hefe concretions, you will eafily believe, are
very hard, as other minerals of that fort are
wont to be; and yet being invited by my con-
jeftures about the atmofpheres of bodies, to
try them by rubbing them one againft the
other, I found, as I expected, that they afforded
not only a perceptible, but a very ftrong fmell,
which was far from that of a perfume.
Awp this'brings into my mind, that having
met with fome ftones cut out of humane blad-
ders, whofe texture was fo clofe, .that I could
not with corrofive menftruums make any f_en-
fible folution of one, whereon I made my trial,
though, to facilitate the liquors operation, part
of it were reduced to fine powder; yet by 2
little rubbing of one of thefe fo clofely contexed
ftones, it would prefently afford a rank fmell,
very like the ftink of ftale urine, i

-

Now among eletrical bodies I have -
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I remember I have caufed iron to be turned
with a lath, to examine, whether by the inter-
nal commotion, that would by that operation
be produced in the corpufcles of the metal,
even that olid, as well as ponderous body

" would not become capable of being fmelled;

and though by reafon of the nature of that par-
cel of iron, whereon we made our trial, or fome
accidental difpofition, which was at that time,
being winter, in my organs of finelling, the
odour feémed to.me but very faint; yet upon
the enquiry I made of the artificers, whether
in ‘turhing greater pieces of iron they did not
find the fmell ftronger? ‘they told me, that
they.often found it very ftrong, and fometimes
inore fo than they defited. '
Anp this brings into my mind what IThave
carefillly obferved in grinding of iron; for
there are many grindftones fo qualified, that
in cafe iron inftruments be held upon the
ftone, whilft it is nimbly turned under it
though the water, that is wont to be ufed on
fuch dccafions, ftifles, if T may fo fpeak, the
fmell, and keeps it from being commonly taken
notice of ; yet if you purpofely caufe, as I re-
member I have done, the ufe of water to be
forborn, your fuccefs will not be like mine, if

-you do riat find, that ftore of feetid exhalations

will be produced. . And though it be not al-
ways fo eafy to difcern by the fmell, from
which of the two bodies they iffue,” or whether
they proceed frony both; yet it feems probable
enough, that fome of the fteams come from
the-iron, and it'is more than probable, that if
they proceed not from that metal, they muft
from a body, thatis fo hard, as to be able to
make impreffions in a trice upon iron and fteel

themielves.

. Tue laft example I fhall name under this

head, is furnithed me by marchafites, fome of
which .would after a fhort concuffion without
external heat be made to exhale for a pretty
while together a ftrong fulphureous-odour, and
yet were fo hard, than when ftruck with a fteel-
hammer, (which would not eafily break them)
they afforded us fuch a number of.fparks, as
appeared ftrange enough. And it is known,
that it is from their difpofition to ftrike fire,
(which yet I dare not attribute to all forts of
marchalfites,) that this kind of mineral is, by a

‘name frequently to be met with in  writers,
‘called pyrites.
‘take notice, that a body, capable of being the

Andin this example we may

fource of corporeal emanations, may be at once
both very folid and very ponderous.
‘It remains now, that I manifeft, that even

“the fixednefs of bodies is' not incompatible

with their difpofition to emit effuviums.
I might allege on this occafion, that the

_regulus of antimony, and alfo its glafs, ‘though

they muft have endured fufion to attain their

_refpedive forms; yet they will without heat
_communicate to liquors antimonial expirations,

with “which thofe liquors being impregnated

ecome emetick and purgative. I might alfo
add, that divers eleétrical bodies are very fixed
in the fire, and particularly that cryftal, as we
have more than once tried, will endure feveral

~ ignitions and extin&ions in water, without

being truly calcined, being indeed but cracked-
into a great multitude of little parts: but be-
caufe the above named antimonial bodies will
after a while fly away in a ftrong fire, and be-
caufe the efluviums of cryftal are not fo fen-
fible as thofe, which can immediately affect our
eyes or noftrils, I will here fubjoin one inftance,
fuch as T hope will make it needlefs for me to
add any more, it being of a body, which muft
have {uftained any exceeding vehement fire,
and is looked upon by moft of the chemifts as
more undeftroyable than gold itfelf; and that is:
glafs, which is able, as you know, to:endure fo
great a-brunt of the fire, that you did not per-
haps imagine I thould of all bodies name it on
this occafion. * But my conje@ures about the:
atmofpheres of bodies leading me to think,
that glafs itfelf might afford me a confirmation
of them ; I quickly found, that by rubbing a
very little while two folid pieces of it (not, as
I remember, of the finer fort) one againft the -
other, they would not only yield a. fenfible
odour, but fometimes fo ftrong an one; as to
be offenfive. By which -you, will ‘eafily “per-
ceive, why I told you above, that I did not ac-
quicfce in the Cartefian argument againt elec-
trical bodies performing their operations by
emanations of their own fubftance, drawn from
hence, that glafs does attra® light bodies, as
indeed it does, though but weakly ; and yet is
too fixed .to emit efluviums, the contrary , of
which fuppofition the lately ‘mentioned-expe<
timent, and by 'us often repeated, does fuffici-
ently evince. - . Lo
- FroM wlhat other folid bodies, - and : that
will endurethe fire, T have, or have not been
able to ‘obtain fuch odorous fteams, it is nog
neceflary to declare in this place, but may per-
haps be done in another, , ,

You may, I prefume, have taken notice,
that, according to what I intimated a while ago,
I have forborn in the precedent examples to
mention thofe effuvia of folid bodies, that
need the ation of the fire to be obtained,
But fince the fun is the grand agent of nature
in the planetary world, and fince during the
fummer, and efpecially at noon, and in fouthern
climates, his heat makes many bodies have
little atmofpheres, that we cannot fo well dif-
cern that they have conftantly ; I fee not, why
I may not be allowed to aferibe atmofpheres
to fuch bodies, asI have obferved to have them,
when the fun fhines upon them ; and alfo to
think, that the like may be attributed at leaft
fometimes to fuch other bodies, as will do the
things ufually performed by effluviums, when
yet they are excited but by an external heat
which exceeds not that of the hot fun,

Or thefe two forts of bodies I fhall for bre-

>

vity’s fake name but two or three examples,

and then haften to a conclufion. o

Tue firlt of thefe I muft make bold to
borrow from my obfervations about electricity,
among which this is one, that to thew, that the
particular and ufual manner of exciting fuch
bodies, namely by rubbing them, is not al-

“ways neceffary ; 1 took a large piece of good

amber, and having in a fummer morning,
whilft the air was yet frefh, tried, that it would
2 - not



of CoNsISTENT BobDIEsS.

not without being excited attra¢t a light body
I had expofed to it; I removed it into the
fun’s beams, till they had made it moderately
hot, and then I found according to my expec-
tation, that it had acquired an attractive virtue,
and that not only in one particular place, as s
ufually obferved, when it is excited by rubbing,
but in divers and diftant places at once; at
any of which it would draw to it the light bo-
dy placed within a convenient diftance from
it: fo that even in this climate of ours a folid
body may quickly acquire an atmoiphere by
the prefence of the fun, and that long before
the warmeft part of the day. ~

* Tuz next inftance you will perchance think
fomewhat ftrange, it being that, when for want
of an opportunity to make the like trial in the
warm fun, I took a little but thick veffel made
of glafs, and held it near the fire, till it had
got a convenient degree of heat, (which was
not very great, though it exceeded that which
I had given the amber) I found, as I had ima-
gined, that the heat of fire had made even this
body attrattive, as that of the fun had made
the other.

WaaT degree of heat I have obferved to
be either neceffary, or the moft convenient to
excite eleétrical bodies, according to their dif-
ferent natures, (for the fame degree will not
indifferently ferve for thémall). this is not the
propereft place to declare, that it will be more
to our prefent purpofe to make fome fhort re-
fleCtion on what has been hitherto delivered.’

It feems then probably deduceable from
the foregoing experiments and obfervations,
that a very great number, if not the greateft
part, even of confiftent bodies, whether ani-
mal, vegetable, or mineral, may emit efflu-
viums, and that even thofe that are folid may,
at leaft fometimes, have their little atmo-
fpheres, though the neighbouring folids will
often keep the evaporations from being every
way ambient in reference to the bodies they
iffue from.

Fox as the inftances hitherto alledged (which

are not all that I could have named) do plainly
fhew, that divers bodies, and fome that have
not been thought very likely, are fuch as we
fpeak of ; fo feveral things induce me to be-
Jieve, that there may be many more of the
like ‘nature.

For firft, very few, if any, have (that I
know of ) had the curiofity to make ufe of nice
fcales, which fuch trials require, to examine
the expirations of inanimate bodies, which if
they fhall hereafter do, 1 make little doubt,
but they will light on many things, that will
confirm what we have been propofing, by
their finding, that fome bodies, which are not
yet known to yield exhalations, do afford them,
and that many others do part with far more
copious ones than is imagined.  For one would
not eafily have thought, that fo extremecly
cold a body as a folid picce of ice fhould make
a plentiful evaporation of itfelf in the cold air
of a freezing night; or that a picce of wood,
that had long lain in the houfe, and was light
enough to be conveniently hung for a long
rime at a ballance, that would lofe its =quili-

Vou III

brium with, as I remember, half a quarter of

a grain, fhould in lefs than a miute of an hour -

fend forth fteams enough to make the fcales
manifeftly turn, and that'in winter.

But fuppofing (which is my fecond confide-
ration) that trials were made with good inftru-

ments for weighing, though it will follow, that .

in cafe the expofed body grow lighter, fome-
thing exhales from it; yet it will not follow,
that if no diminution of weight be difcovered
by the inftrument, nothing that is corporeal
recedes from it. I will not urge, that it is af-
firmed, not only by the generality of our che-
mifts, but by learned modern phyficians, that
when either glafs of -antimony, or crocus me-
tallorum impregnate wine with vomitive and
purgative particles, they do it without any de-
crement of their weight ; becaufe the fcales in

apothecaries thops, and the little -accuratenefs

wont to be employed in weighing things, by
thofe that are not verfed in ftatical affairs,
made me, though not deny the tradition, which
may perchance be true, yet, unwilling to build
upon obfervations, which_to be relied on are
to be very nicely made ; and therefore I fhall
rather take notice, that though the loadftone
be concluded to have conftantly about it a
areat multitude of magnetical effluvia, which
may be called its atmofphere, yet it has not
been obferved to lofe any thing of its weight
by the recefs of fo many corpufcles. But be-
caufe, if the Cartefian hypothefis about magne-
tifms be admitted, the argument drawn from
this inftance will not be fo ftrong as it {eems,
and as it otherwife would be; I fhall add a
more unexceptionable example, for 1 know
you will grant me, that odours are not diffufed
to a diftance without corporeal emanations from
the odorous body : and yet, though good am-
ber-greafe be, even without being excited by
external heat, conftantly furrounded by a large
atmofphere, you will in one of the following
difcourfes find caufe to admire, how inconfide-
rable the wafte of it is.

Ir it be faid, that in trad of time a decre-
ment of weight may appear in bodies, that in

a few hours or days difcovers not any ; the ob-

jeéion, if granted, overthrows not our doétrine,
it being fufficient to eftablith what we have
been faying, if we have evinced, that the efflu-
via of fome. bodies may be fubtle enough not
to make the body by their avolation appear
lighter in ftatical trials, that are not extraordi-
narily (and as it were obftinately) protracted.
And' this very obje(tion puts me in mind to
add, that for ought we know the decrement of
bodies, in ftatical experiments long continued,
may be fomewhat greater, than evennice fcales
difcover to us; for how are we fure, that the
weights themfelves, which are commonly made
of brafs, (a metal very unfixed,) may not in
tract of time fuffer a litdle diminution Qf their
weight, as well as the bodies counterpoifed by
them ? and no man has I think yettricd, whe-
ther glafs, and even gold may not in tract of
time lofe of their weight, which in cafe they
thould do, it would not be cafily difcovered,
unlefs we had bodices, that were perfeétly fixed,

by comparifon to which we might be better
T aflifted,



0

Of e ATMOSPHERES, &c.

_ affifted, than by comparing them with brafs

weights, or the like, which being themfelves
lefs fixed, will lofe more than gold and glafs.
My third and laft confideration is, that
there may be divers other ways, befides thofe
furnithed us by flaticks, of difcovering the
efluvia of folid -bodies, and confequently of
fhewing, that it is not fafe to conclude, that
becaufe their operation is not conftant or ma-
nifeft, fuch bodies do never emit any effluviaat
all,and fo are uncapable to work by their inter-
vention on any other body, though never fo well
difpofed to receive their ation. And this 1
the rather defire that you would take notice of,

becaufe my chief (though not only) defign in.

thofe - notes is (you kwow) to illuftrate the
doétrine of occult qualities ; and it may con-
duce to explicate {everal of them, to know, that
fome particular bodies - emit effuvia, though
perhaps they do it not conftantly, and uni-

formly; and though perchance to, they do

not appear to emit any at all, if they be ex-
amined after the fame- manner with other ex-
haleable bodies, 'but only may be made to emit
them by fome peculiar way of handling them,
or appear to have emitted them by fome de-
terminate operation on fome otlier fingle body,
or at moft fmall number of bodies.

- Percuance you did not think, until you
read what I lately told you about glafs, that
from a body, that had endured fo violent a fire,
there could, by fo flight a way as rubbing a
little while one piece againft another, be ob-
tained fuch fteams, as may riot only affeét but
offend the noftrils. Nor fhould we eafily be-
lieve, if experience did not affure us of it,” that
a diamond, that is juftly reputed the hardeft
known body in the world, fhould by a little

~ rubbing be made to part with electrical effuvia.

Nay, (that I may give fome kind of confirma-
tion to that part of the laft paragraph that
feems moft to need it,) T fhall add, that I once
had a diamond not much bigger than a large
pea, which had’ never been polithed or cu,
whofe cle€trical virnte was fometimes fo eafily
excited, that if T did but pafs my fingers over
it to wipe, the virtue would difclofe itfelf ; and
if as foon as I had taken it out of my pocket,

I applied a hair to it, though I touched not the

ftone with' my fingers, that I might be fure
not to rub it, that hair would be attracted at
fome diftance, and many times one after an
other, efpecially by one of the fides of the

flone, (whofe furface was made up of feveral -

alinoft-triangular planes;) and though this ex-
citation of the diamond feemed to proceed
only from the warmth that it had acquired in
my pocket, yet I did not find that that warmth,
though it feemed not to be altered, had always
the fame effect on. it, though the wiping it
with my finger failed not (that I remember)
to excite it.  Something like this uncertainty
I always obferved in another diamond of mine,

that was much nobler than the firft, and very
well polifhed, and in a fmall-ruby, that I have
yet by me, which would fometimes be confi-
derably electrical without being rubbed, when
I but wore the ring it belonged to on my little
finger ; and fometimes again it feemed to have
loft that virtue of operating without being
excited by friction, and that {ometimes within
a few minutes, without my knowing whence
fo quick a change thould proceed. But 1 muft
infift no longer on fuch particulars, of which I
elfewhere fay fomething ; and therefore I pro-
ceed to take notice, that we fhould fcarce: have
dreamed, that when a partridge or hunted
deer has cafually fet a foot upon the ground,
that part, where the footftep hath been (though
invifibly) impreffed, fhould continue for many
hours a fource of corporeal effluxes ; if there
were not fetting dogs, and {paniels, and blood-
hounds, whofe nofes can take notice at that
diftance of time of fuch emanations, though
not only other forts of animals, but other forts
of dogs are unable to do fo. - o
~ Ifaw a ftone in the-hands of an academick,
an acquaintance of mine, which I thould by the
eye have judged to be an agate, not a blood-

_ftone; and confequently I fhould not have

thought, that it could have communicated me-
dicinal efluvia appropriated to exceffive bleed-
ings, if the wearer of it had not been fubjet
to that difeafe, and had not often cured both
himfelf and others, by wearing this ftone about
hisneck ; which if he left off, as fometimes he
did for trial’s fake, his exceedingly fanguine
complexion (to which I have rarely feen a
match) would in a few days caft him into re-
lapfes. What I have elfewhere told you about the
true virtues of fome ftones, (for I fear that moft
of thofe that are wont to be afcribed to them
are falfe,) may give fome confirmation to what
I have been delivering, which I cannot now
ftay to do, being to draw to-a conclufion as,
foon as I have put you in mind, that it would
not probably have :ever been expeéted, that fo
ponderous and ‘folid a body as the loadftone
fhould be invironed by an atmofphere, if iron
had been a {carce mineral, and had not chanced
to have been placed near it ,

Anp with this inftance I fhall put an end to
thefe notes, becaufe it allows me to make this
reflexion; that fince folid bodies may have
conftant atmofpheres about them, and yet not
difcover, that they have fo, but by their ope-
ration upon one particular body, or thofe few
which participate of that; and fince there are
already (as we have feen) very differing ways,
whereby bodies may appear to be exhaleable,
1t 1s not unlikely, that there .may be'more and
more bodies (even of thofe that are folid and’
hard) found to emit efluvia, as more and miore
ways of difcovering, that they do {o, thall either
by chance or induftry be brought to light.

AN
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Eftimating the Weight of Water in Water, with ordi-
| nary Balances and Weights,

Firft Printed in the Puirosornicar Transactions, No. L. p. roor.

¢ H E author of this invention is the
« noble Robert Boyle ; who was pleafed
o to comply with our defires of com- ,

« municating it in Englith to the curious in
« England, as by inferting the fame in the Latin
« tranflation of his Hydroftatical Paradoxes he

s hath gratified the ingenious abroad. And it will

«¢ doubtlefs be the more welcome, for as much
« a5 .no body, we know of, hath fo much as
« attempted to determine, how much water
¢« may weigh in water ; and poffibly, if fuch
« 3 problem had been propofed, it would
¢ have been judged impracticable.

-~ <« TrE method or expedient he made ufe of
<« to perform it, as near as he could, may be
< eafily learned by the enfiing account of a
“ trial or two he made for that purpofe,
which among his notes he caufed to be
regiftered in the following words.”

A glafs-bubble of about - the bignefs of a
pullet’s-egg was purpofely blownat the flame ofa
famp, with a fomewhat long ftem turned up at
the end, that it might the more conveniently
be broken off. This bubble being well heated
to rarefy the air, and thereby drive outa good
part of it, was nimbly fealed at' the end, and
by the help of the figure of the ftem was by a
convenient weight of lead deprefled under
water, the lead and glafs being tied by a firing
to one fcale of a good ballance, in whofe other
there was put fo much weight, as fufficed to
counterpoife the bubble, as it hung freely in the
" ‘midft of the water. Then with a long iron
forceps I carefully broke off the fealed end of
the bubble under water, fo as no bubble of air

€<

<<

appeared to emerge of efcape through the wa-

ter, but the liquor by the weight of the atmo-
fphere fprung into the unreplenifhed part of
the glafs-bubble, and filled the whole cavity
about half full ;” and prefently, as I foretold,
the buble fubfided and made the fcale, it was
faftened to, preponderate fo much, that there

needed four drachms and 38 grains to reduce

the balance to an zquilibrium. Then taking
out the bubble with the water in it, we did,
by the help of the flame of a candle warily

applied, drive out the water (which otherwife

is not eafily excluded at a very narrow ftem)
into a glafs counterpoifed before; and we found
it, as we expected, to weigh about four drachms
and thirty grains, befides fome little that re-
mained in the egg, and fome fmall matter that
may have been rarefied into vapours, which
added to the piece of glafs, that was broken o

. ander water and loft there, might very well

amount to feven or eight grains. By which it
appears, not only that water hath fome weight
in water, but that it weighs very near * or
altogether as much in water, as the felf fame
portion of liquor would weigh in the air.

TuE fame day we repeated the experiment
with another fealed bubble, larger than the
former, being as big as a great hen-egg, and
having broken this under water, it grew hea-
vier by feven drachms and thirty-four grains;
and having taken out the bubble, and driven
out the water into>a counterpoifed glafs, we
found the tranfvafated liquor to amount to the

fame weight, abating fix or feven grains, which

it might well have loft upon fuch accounts, as
have been newly mentioned. o

* This expreffion was added, to leave liberty for a further inquiry, whether the experiment, which hereby appears
cohvincing as to the main thing intended to be proved, may not admit the having fomething further debated,’ and

annexed about fome circumftantial thing or other.

TRACTS
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CTS

ABOUT

The Cofmical Qualities of Things.

'Cofmical Sufpicions.

The Temperature of the Subterraneéal' Regions.
The Temperature of the Submarine Regions.

The Bottom of .the Sea.

‘To which is’ prefixed, :

An Introducion to the Hiftory of PARTICULAR QU ALITIES:

‘An ADVERTIéEMEN;r 'o_f: the PUBLISHER to the READER.

HOUGH the noble author of the
following traéts hath alfo written
divers other thort difcourfes, upon

: . feveral occafions, yet,-had he not
been - diverted from his purpofe, he had con-
tinued to let them lie by him, intending, in
cafe he thould fuffer them to come abroad, to
difpofe of them agreeably to a defign, that it
is not neceffary the reader fhould be now ac-
quainted with.
- In the mean while, feveral virtuofi, to whom
fome of thefe tra@s had been fhewn, and with
whom the matters handled ‘in forme others had
been difcourfed, did out of a coricetn, (as they
pave out,) for the common-wealth of learning,
preflingly reprefent to the author: -

First, that divers of thefe loofe traéts,
having little or no dependency upon one ano-
ther, might without inconvenience be pub-
hthed apart, in what number and order the
auvthor thould pleafe.

SzconprY, that fince his main defign in

thefe, as well as his other phyfical writings,
was to provide materials for the hiftory of na-
ture, it would be thought enough, that they
be fubftantial and fir for the work ; in what
order or affociation foever they thould happen
to be brought into the philofophical repofi-
tory.

THIRDLY, that the communicating thefe
‘tralts to the curicus would be the beft way to
fecure them from being loft or embezelled, as
fome others of his papers have been, not only
formerly, but very lately.

FourTHLY, that the Kind reception, the
curious had given to what he had hitherto pre-
fented them, might well invite, if it did not
oblige him, not to envy them the early ufe of
thofe experiments and hints, which will pro-
bably, before the time, wherein his defign
would fuffer them to cqme abroad, prove fer-

viceable to philofophy, by fetting divers inqui-
fitive heads on work, exciting the curiofity of
fome, and exercifing the induftry of others, -
" LaAstiv, that, as of thé peices, -he had
‘hitherto publifhed (except where his own back-
wardnefs had expreffedly interpofed) the firft
edition had not long been the only 5 fo proba-
bly within a moderate fpace of time, another
edition of thofe trafts, he thould firft put out,
would both allow him to increafe their number,
and change their order as he fhould judge moft
expedient, and, (in cafe he fhould in the mean
while return to his library,) recruit his dif-
courfes with thofe paffages, that he defigned to
borrow for them thence. o

BuT, though thefe confiderations, joined to
the earneftnefs of the perfons that made them,
and the juft refpect he had for them, rendered
it uneafy for him to refift their perfwafions ;
yet they never obtained an actual compliance,
until they were affifted by fuch an unhappy
juncture of ficknefs and bufinefs, as, leaving
hxm- fma}l hopes of accomplithing his firft in-
tentions in any reafonable time, made him con-
fent to fend away to the piefs fome of thofe
tralts, that he found the leaft unready for it, in
the order wherein they chanced to come to his
hands.  'Which being ‘thus reprefented, the
confidering and ingenious reader will foon find,
what caufe there is, and how much it concerns
the advancement of valuable philofophy, that,
fince this excellent author hath (to the pub-
lither’s knowledge, as alfo was infinuated above)
many other rare tracts of a philofophical nature
in ftore, he be follicited from time to time, that
he would be pleafed, according to the meafure
of health he fhall enjoy, to impart with all
poflible fpeed thofe difcourfes, which tend to
the enlargement and progrefs of ufeful know-
ledge, maugre all envy and malice, H. O.
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PARTICULAR QUALITIES

CHAP. L

HE paft difcourfe has, T hope, Pyroph.
given you fome tolerableaccount both
of the nature, and of the origin of

qualities in general.  Wherefore it now fol-
lows, that we proceed to qualities in particular,
and confider how far the manner, whereby they
are produced, and thofe other phzenomena of
them, that we fhall have occafion to take notice
of, will accord with, and thereby confirm the
doérine 1 have hitherto propofed ; and whe-
ther they will not, at leaft, much better com-
port with that; then with the opinions either
of the peripateticks, or the chymifts.

I fhall not {pend time to enquire into all the
feveral fignifications of the word quality, which
is ufed in fuch various fenfes, - as to make it am-
biguous enough : fince by the fubfequent dif-
courfe it will fufficiently appear, in which of the
more ufual of thofe fignifications we employ
that term.  But thus much I think it not a-
mifs to intimate in this place, that there are fome
thingg, that have been looked upon as qualities,
which ought rather to be looked upon as ftates
of matter, or complexions of particular quali-
ties, as animal, inanimal, &c. héalth and beauty,
which laft attribute feems to be made up of
fhape, fymmetry, or comely proportion, and
the pleafantnefs of the colours of the particular
parts of the face.  And there are fome other
attributes, namely, fize, thape, motion, and
reft, that are wont to be reckoned among qua-
lities, which may more conveniently be efteem-
ed the primary modes of the parts of matter 3
fince from thefe fimple attributes, or primor-
dial affections, all the qualities are derived.
But this confideration relating to words and
names, I fhall not infift upon it.

Nor do Tthink it worth while to enumerate
and debate the feveral partitions, that have been
made of qualities, (of which I have met with
divers, and-could perchance my felf encreafe
the number of them,) for though one, that were
difpofed to criticifc upon them, would not
perhaps acquiefce in any of them, but look ups,
on them as being more arbitrary, than grounded
upon an atfentive confideration of the na-
ture of the things themiclves s yet becaufe it
feems not to me fo cafy to make an accurate
diftribution of qualities, till fome things that
concern them be better cleared up than yet
they are, 1 fhall content my felf for the pre-
{ent, to propofe to you one of the more re-

Vou. 1IL . ‘

ceived divifions of phyfical qualities, (for you
“know, I do not pretend to treat of any othet)

allowing my {elf the liberty of ‘making, whete

“there feems caufe, the members of the diftri-

bution fomewhat more comptehenfive. We
will then, with many of the moderns, divide
phyfical qualities into manifeft and occult; and
relerving the latter to be treated of apart, we

“will diftribute the former into firft, fecond, and

third ; to the two laft of which we will referve
divers qualities not wont to be treated of by
fchool writers of phyfical fyftems, which, for
diftinétion fake, we may without much inc¢or-

~venience ftile fome of them the chemical qua-

lities of things, becaufe as Arifiotle and the
fchool-men were not acquainted with them, fo

“they have been principallyintroduced and takén

notice of by means of - chernical operatiorts
and experiments; fuch as are fumigation, 4-
malgamation, cupellation, volatilization, preci-
pitation, &c. by which operations, among o-
ther means, corporeal things come to appear
volatile or fixed, foluble or infoluble in fome
menftruums, amalgable or unamalgamable,
capable or uncapable to precipitate fuch bodies,
or be precipitated by them, and, in ‘a word,
acquire or-loofe feveral powers to act on other
bodies, or difpofitions to be wrought on by
them ; which attributes do as well deferve the
name of qualities, as divers other attributes, to
which it is allowed. And to thefe chemical
qualities we may add fome others, which be-
caufe of the ufe, that phyficians either only, or
above other men, make of them, may be called
medical, whereby fome bodies taken into thac
of a man are deoppilating, others inciding,
refolving, difcufling, fuppurating; abfterfive
of noxious adherences, and thickning the blood
and humours, being aftringent, anodinous or
appeafling pain, &c. * For though fome of the
taculties of medicines, as thofe of heating,
cooling, drying, attenuating, purging, &c. may
be conveniently enough referred to the firft, fe-
cond, or third qualities wont to be mentionéd
by naturalifts ; and others are wont to be
reckoned among occult ones ; and though thefé
medical qualities are wont to be rreated of by
phyficians ; yet it feems to me, that divers of
them oughtnot to be referred to the qualities,
to which they are wont to be fo; and the hand-
ling of them may be looked upon as a defide-
ratum in patural philofophy, and may well e-
nough deferve a diftinét place there 5 fince the
writers of that fcience are not wont to treat of

them
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them at all, and phyficians handle them as phy-
ficians, whom it concerns but to know what
bodies are endowed with them, and what good
or ill effefts they may have upon humane be-
dies, not as naturalifts, whofe bufinefs it is to
enquire into the production and caufes of thofe
as well as of other qualities.
CHAP 1L

EFORE we defcend to the mention of any
B of thefe particular qualities, I think it very
expedient to- fpend a little time in confidering
three grand fcruples about our and the corpuf-
cularian doctrine touching qualities, which three
difficulties, though I remember not to have

-found them exprefly objected by the adverfa-
- ies of the corpufcularian philofophy, nor. (per-

haps only for that reafon) to.have been pur-

_pofely folved by the patrons of it ; are yet fuch,
_thathaving been fuggefted to me by confidering

thenature of the thing, I cannotbut fear, that they
alfo may occur to, and trouble you ; fince the

. feem to me of that importance, that unlefs they

be removed, they may very much prejudice
the reception of a good part of what I am to
deliver about particular qualities. . _
Tue firft of the above mentioned objec-
tions is grounded upon the received opinion of

~vulgar and Ariftotelian philofophers, that di-

-verfity of qualities muft needs flow from fub-
ftantial forms, either becaufe it is part of their
nature to be the principals of properties, and
_peculiar operations in the bodies they inform
.or elfe becaufe diversof them are fuch, that no
-mixture of the elements is capable of produ-
cing them, o ,
Or the two fuppofitions, whereon this diffi-
culty is founded, we have already fhewed the
former to be unfit to be admitted, by what has
‘been faid in our examen of fubftantial and fub-
ordinate forms;. and therefore it will only 're-
main, that we examine alfo this fecond fuppo-
fition, which may therefore deferve the greater

- confideration, becaufe it is much prefled and

relied by the learned Senmertus, (and his follow-
ers,) who improves the argument by this addi-
tion, that as no bare mixture of the elements,
fo no general forma miftionis (fuch as divers of
the moderns have introduced to help out the
hypothefis) is fufficient to give an account
of divers qualities, which he fomewhere rec-
kons up. ‘

Bur, in the firft place, whereas the propo-
fers of this difficulty take it for granted, that

there are four elements, from whofe various °

mixtures all other fublunary bodies fpring ; and
are therefore only folicitous to prove, that fuch
and fuch qualities cannot flow from their mix-
tare 3 I need not much concern my {elf for
their whole difcourfe, fince I admit not that
‘hypothefis of the four elements, that is fuppo-
fed in it; and yet I may be allowed to obferve
from hence, that by the confeffion of thofe
modern peripateticks, that urge this argument,
thofe ancient and other Ariftotelians were mif~
taken, who aferibed to the mixture of the ele.

ments effeds, for which thefe maintain them
to be mecompetent,

But fince replies of this nature do rather
concern the objectors than the objection, I pro-
ceed to confider the difficulty it felf, not only
as it may be propofed by peripateticks, but by
chemifts; who though’ fome of them do not
with others of their fe@t allow of the four ele-
ments, do yet agree with the fchools in this,
that there is a determinate number of ingre-
dients of 'compounded bodies, from whofe mix-
ture and proportion many qualities muft be
derived; and thofe, that cannot, muft be refol-
ved to flow from a higher principle, whether
it be a fubftantial form, or fomething, for which
chemifts have feveral names, though I doubt
no fettled and intelligible notion.

To confider then the difficulty it felf, I fhall
far the removal of it prefent to you four ‘prin-
cipal confiderations,

Bu T before I begin by any of thefe toanfwer
the objection, I fhall readily acknowledge, that
in fome refpets, and in fome cafes, it ma
not be ill grounded : but I fhall add, that in
thofe cafes I look upon it rather as a part of the.

corpufcularian doétrine, than an obje&ion a-

gainft it; for when it happens, that there is a
ftri€t connexion betwixt that modification of
matter, which is requifite to exhibit one phee-
nomenon, and that from which another will ne-
ceffarily follow; in fuch cafe we may not only
grant, but teach, that he, who by a change of
its texture gives a portion of matter the for-
mer modification, does likewife qualify it by
the fame change to exhibit the congruous phz-
nomenon; though one would not perchance fir-
{pect them to have any fuch dependance upon
one another. . As for inftance, ftrong fpirit of
diftilled vinegar, by virtue of its being an acid
fpirit, hath the faculty to turn fyrup of violets
red: but if by makipg with this {pirit as ftrong
a folution as you can of corral, or fome fuch
body, you deftroy the acidity of the fpirit of
vinegar ; this liquor, as it has quite another
tafte, fo it may, and indeed will have another
operation than. tormerly upon fyrup of violets,
For I remember, that upon a trial I purpofely
devifedto illuftrate this matter, I found, that
the lately mentioned folution, and fome others
made with fpirit of vinegar, would prefently
like an alkalizate or urinous falt turn fyrup of
violets from its native blue, not any longer in-
to a red, butinto a lovely green. And pro-
{ecuting the experimenta little farther, I found,
that {pirit of falt it felf deflegmed by a fit con-
crete, though the folution were horribly ftrong,
had yet the fame effe@ on {fyrup of violets.
But becaufe the cafes, where the above-men-
tioned connection of qualities and modifications
occur, are comparatively but few, I thall here
confider them no farther, but proceed to the |
Jour particulars I was lately propofing.

AND in the firft place, Ifay, that things
may acquire by mixture very differing quali-
tics from thofe of any of the ingredients.

O'r this I fhall have occafion to give a mul-
titude of inftances in the following notes upon
particular qualities ; and therefore it may now
fuffice to mention two or three, that are the
more obvious in the laboratories of chemifts;
as, that fugar -of lead is extreamly fweet,

3 though’
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though the minium, and the fpirit of vinegar
of which it is made, be the former of them
infipid, and the latter. four. And though
neither agua regis, nor crude copper, have any
thing in them of blue ; yet the folution of this
metal in that liquor is of a deep blue ; and
fometimes I have had the folution of crude
mercury in good aqua fortis of a rich green,
though it would not long continue fo. "And
of fuch inftances you will, as I was faying,
hereafter meet with plenty. So that they are
much miftaken, who imagine either, that no
manifeft qualities can be produced by mixture,
except thofe that refide in the elements, or re-
fult immediately from the combinations of the
four - firft qualities. For not to repeat what
variations the mixtures of ‘the moft fimple in-
gredients only may produce ; it is manifeft,
that nature and art muft continually make
mixtures of bodies, both of already compound-
ed bodies, as when athes and fand compofe
the common coarfe glafs, and when nature
combines fulphur with unripe vitriol, and per-
haps other fubftances in a marchafite ; and al-
fo of bodies already decompounded, as native
vitriol is made in the bowels of the earth of
an aqueous liquor impregnated with an acid
falt, and of a cupreous or martial mineral,
ftrictly united both to a combuftible {ulphure-
ous fubftance, and to another body of a more
fixed terreftrial nature. - And thus artificers
may eafily, as trial hath affured me, produce
new and fine colours, by fkilfully mixing in the
flame two pieces of ammels (which are already
decompounded bodies) of colours more fimple
or primary than that, which refults from their
colliquation, And this way of fo combining
bodies, not fimple or elementary, will be ac-
knowledged capable of being made much more
fertile in.the prodution of varicus qualities
and phanomena of nature, if “you confider,
how much the variation of the proportion of
the ingredients in a mixed body may alter the
qualities and operations of it, and that propor-
tion is capable of being varied almoft in infini-
tum. Thus much may fuffice for our firft con-
* fideration ; efpecially fince divers things, by.

which it may be much confirmed, will be met.

with in the two following chapters.

In the fecond place I obferve, thatitis

but an ill grounded hypothefis to fuppofe, that
new qualities cannot be mtroduced into a
mixed body, or thofe that it had before be
deftroyed, unles by adding or taking away
a fenfible portion of fome one or more of the
Avriftotelian elements, or chemical principles.
For there may be many changes, as to quality,
produced in a body without vifibly adding, or
taking away any ingredient, barely by altering
the texture, or the motion of the minute parts
it confifts of. For when (for inftance) water
hermetically fealed up in @ glafs is by the
cold of the winter turned into ice, and there-
by both loofeth its former fuidity, and tran-
fparency, and acquires firmnefs, br1tt_1enei§,
and oftentimes opacity, all which qualities 1t
loofeth again upon a thaw ; in this cafe, I fay,
I demand, what element or hypoftatical prin-
ciple can be proved to get into, or out of this
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fealed glafs, and by its intrufion and recefs
produce thefe alterations in-the included body.
And fo in that fixed metal, filver, what fenfi-
ble acceflion or decreement can be proved to
be made as to ingredients, when by barely
hammering it (which doth but change the
fituation and texture of the parts) it acquires
a brittlenefs, which by ignition, wherein it
doth not fenfibly loofe any thing, it may pre-
fently be made to exchange for its former
malleablenefs ? And the fame experiment gives
us an inftance alfo, that the invifible agitation of
the parts may alone fuffice, to give a body, at
leaft for a while, new qualities ; fince a thick
piece of filver nimbly hammered will quickly
acquire a confiderable degree of heat, where-
by it will be enabled to melt fome bodies,
to dry others, and to exhibit divers phazno--
mena, that it could not produce when cold. I
might add, that fpirit of nitre, moderately
ftrong, though when included in a well ftoped
vial in the form of a liquor it will appear
diaphanous, .and without any rednefs, will yet
fill the upper part of the vial with red fumes,
if the warm fun-beams or any fit heat (though
but externally applied, and though the glafs
continue clofe ftopped) do put the nitrous {pi-
rits into a fomewhat brifker motion, than they
had or needed whilft in .the form of a liquor.
I might alfo demand, both. what new element
or principle is added to a needle, when the
bare approach of a vigorous loadftone en-
dows it with thofe admirable qualities of re-
{peting the poles, and (in due circumftances)
drawing to 1t other needles; and what in-
gredient the fteel loofes, when by a contrary:
motion of the loadftone it is in a minute de-
prived of its magnetifm. .And to thefe I might
fubjoin. divers like queftions : but of inftances

-and refle€tions ‘proper to. confirmi this fecond

confideration, you may meet with {o many,
partly in another treatife, and partly in the
enfuing chapters, that it will be needlefs to
multiply them here. “Wherefore in the third
place, I fhall obferve, that when we are con-

fidering, how numerous and various phzno- -

mena may be exhibited by mixed bodies, - we
are not to look upon them precifely in thems-
felves; that is, as they are portions of matter,
of fuch a determinate nature, or texture ; but
as they are parts of a world fo conftituted as
ours is, and confequently as portions of matter,
which are placed among many other bodies.
For being hereby fitted to receive impreffions
from fome of thofe bodies, and to make im-
preflions upon others of them, they will upon
this account be rendered capable of producing,
either as principal, or auxiliary caufes, a much
greater number and variety of phznomena,
than they could exhibit, if each of them were
placed in wacuo, (or if a vacuum be a thing
impofible) in a medium, that could -no way
either contribute to, or hinder its operations.
Tr 1s hath been partly proved already in
the difcourfe of the origin of forms,-and will
be farther maniféfted ere long; and therefore
it may fuffice, that of the particulars mentioned
in thofe writings, thofe that are pertinent to
this argument be mentally referred hither.
WHERE-
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WaergrorRE having thus difpatched the
third ' confideration, I now proceed to the
fourth and laft, which is, that the four peri-
patetick elements and the three chemical prin-
ciples are fo infufficient to give a good account
of any thing nearall the differing pheenomena of
nature, that we muft feek for fome more catho-
lick principles ; and that thofe of the corpu-
{cularian philofophy have a great advantage of
the other in being far more. fertile and com-
prehenfive than they. - I muft not here ftay to
make full reprefentation of the deficiencies of
the Ariftotelian hypothefis, having in other
trafts faid much to that purpofe already ; but
yet our prefent argument invites me to intimate
thefe two things; the firft, that fuch pheeno-
mena, ‘as the conftant and determinate thape
and figure of the mountains, our telefcopes
difcover (together with their thadows) in the
moon, and the firange generation and perifh-
ing of the fpots of the fun, to omit the dif-
fering colour of the planets, and divers other
qualities of celeftial bodies, cannot be afcribed
to thie four elements, or their mixtures, nor to

thofe of the three chemical principles, which

are allowed to be confined to the fublunary.
region. And the fecond, that thete are very
‘many ph®nomepain nature (divers: of which
1 * elfewhere take notice of) {everal whereof
neither the peripatetick nor the chemical doc-
trine about the elements, or the ingredients of
bodies, will enable 2 man to give fo much as
any probable account. Such are the eclipfes:
of the fun, the moon, and alfo the fatellites
of  Jupiter, the. proportion of the acceleration
of defcent obfervable in heavy baodies, the
ebbing and flowing of the fea, a great number
of magnetical, mufical, ftatical, dioptrical, ca-
toptrical, and other forts of phanomena, which
hafke makes me here leave unmentioned.
+AND having f3id thus much about the firft
part of aur propefed, confideration, and there-
by thewn, that the vulgar doftrine .about the.
ingredients of bodies falls very fhort of being
able to folve feveral kinds of natures pheno-
mena; we may add in favour of the fecond
part, that, it will follow in general, that it is
fit to look out for. fome more pregnant and
upiverfal principless and that, in particular,
thefe of the corpufculary hypothefis are, as to
thofe two attributes, preferable by far to the
vulgar‘ones, will I hope appear by our anfwers
to the two objections, that remain to be exa-
mined in the two following chapters, to which
that 1 might the more haften, I thought fit to
infift the lefs upon the objeftion hitherto exa-
mined, efpecially becaufe partly in this and the
two next chapters, and partly elfewhere, T fup-
pofc there is contained a very fufficient . reply
to that objection, And I confefs I fhould
think it flrange, that the confideration of the
various motions and textures of bodies thould
not ferve to folve far more phaenomena, than
the bare knowledge of the number (and even
that of the proportions) of their quiefeent in-
Sredienss: for gs Jocal motion is that, which
cnables namal hodies to act upon one another,
o the textures of bodies are the main things,

o
o

that both modify the motion of agents, and
diverfify their effects according to the various

natures of the patients.
I ENTER now upon the confideration of
4  the fecond, and indeed the grand difficulty
objetted againft the (corpufcularian) dotrine
propofed by me about the origin of qualities,
viz. that it is incredible, that fo great a variety
of qualities, as we atually find to be in natural
bodies, thould fpring from principles fo few in
number as two, and fo fimple as matter and
local motion 3 whereof the latter is but one of
the fix kinds of motion reckoned up by Arifto-
#e and his followers, who call it lation, and
the former, being all of one uniform nature, is
according to us diverfified only by the effects
of local motion. - Towards the {olving this dif-
ficulty, I fhall endeavour to thew, firft, that
the other catholick affections of matter are ma-
nifeftly deducible from local-motion : and next, ,
that thefe principles being varioufly affociated,
are o fruitful, that a vaft number of  qualities
and other pheenomena of nature may refult
from them. ' : . .

- Tue firft of thefe, will not take us up much
time to make out.  For fuppofing, what is evi-
dent, that the (1) local-motion belonging to
fome parts of the univerfal matter, does not all
tend the fame way, but has vasiotis determina-
tions in feveral parts of that-matter 5 it will
follow, thatby local-motion thus circumftanced,

CHAP I

matter muft be divided into diftinét Pparts 5
each of which being finite, muft neceffarily be
of fome (2) bignefs or fize, and have fome de-

terminate (3) thape or other. ‘
Awp fince all the parts ofthe univerfal mar-

*ter are not always in motion, fome of them

being arrefted by their mutual implication, or
having transferred (as far as our’ fenfes inform
us) all that they had to other bodies, the con-
fequence will be, that fome of theft portions of
the common matter will be, in a ftate of (4)
reft (taking the word in the popular fence of
it.) And thefe are the moft primary and fimple
affections of matter. :
But becaufe there are fome others, that flow
naturally from  thefe, and are, though not al-
together univerfal, yet very general and preg-
nant; I fhall fubjoin thofe, that are the moft
fertile principles of the qualities of bodies and
other phznomena of nature., ‘
MorEOVER, then, not only the greater
fragments of matter, but thofe leffer ones,
which we therefore call corpufcles or parricles
have certain local refpeds to' other bodies, and
to- thofe fituations, which we denominate from
the horizon; fo that each of thefe minute frag-
ments may have a particular (5) pofture, or
pofition (as cred, inclining, horizontal, &c.)
and as they refpeét usmen, that behold them,
there may belong to them a certain (6) order
or confecution, upon whofe {fcore we fay one
is before or behind another; and many of
thefe fragments being affociated into one mafs
or body, have a certain manner of exifting to-

* Principally in the Sceptical Chymift, '

gether
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gether, which we call (7) texture, of by a word
more comprehenfive, modification. And be-
caufe there are very few bodies, whofe confti-
tuent parts, can, becaufe of the irregularity or
difference of their figures, and for other rea-
fons, touch one another every where fo exqui-
fitely, as to leave no intervals between them,
therefore almoft all confiftent bodies, and thofe
fuid ones, that are made up of groffer parts,
will have (8) pores in them, and very many
bodies having particles, which by their fmall-
nefs, or their loofe adherence to the bigger, or
more ftable parts of the bodies they belong
unto, are more eafily agitated and feparated
from the reft by heat and other agents; there-
fore there willbe great ftore of bodies, that will
.emit thofe fubtle emanations, thatare common-
ly called (9) efluviums. And as thofe con-
ventions of the fimple corpufcles, that are fo
fitted to adhere to, or be complicated with one
another, conftitute thofe durable and uneafily
diffoluble clufters of particles, that may be called
the primary concretions or clements of things :
fo thefe themfelves may be mingled with one
another, and fo conftitute compounded bodies;
and even thofe refulting bodies may by being
mingled with other compounds, prove the in-
gredients of decompounded bodies; and fo
afford a way, whereby nature varies matter,
which we may call (10) mixture, or’ compofi-
tion ; not that .the name is.fo proper as to the
-primary concretions of corpuicles ; but becaufe
1t-belongs to a multitude -of affociations, and
feems to differ from texture, with which it
hath fo much affinity, as perhaps to be redu-
cible to it, in this, that always in mixtures,
-but not ftill in textures, there is required a he-
-terogeneity of the component parts. And eve-
-ty diftin& portion of muatter, whether it be a
corpuicle or a primary -concretion, or a body
of the firft, or of any other order of mixts, is
to be confidered, not as if it were placed in
vacuo, nor as if it had relation only to the
‘neighbouring bodies, but as:being placed in
the univerfe, conftituted as it is, amongft an
.innumerable company of other bodies, - where-
-of fome -are near - it, and others very remote,
and fome are great-and fome fmall, fome par-
_ticular and fome catholick agents, and all of
them governed -as well by (11) the univerfal
fabrick of things, as by the laws of motion
eftablihed by ‘the author of nature in the
world. ,
AND now, Pyrophylus,- that we have enu-
merated 11 very general affections of amatter,
which with itfelf- make up 12 principles of
variation in bodies ;. let me on the behalf of
“the - corpufcularians apply to_the origine of
 quatities a comparifon of the old atomifts im-
ployed by Laucretius, and -others, to illuftrate
the production of an infinite number of bodies,
from fuch fimpls fragments of matter as they
thought their atoms: to be. For fince of the
24 letters of the alphabet affociated feveral
ways, s to the number,and placing of the let-
ters, all the words of the feveral languages in
the world may be made; fo, fay thefe natura-
lifts, by varioufly connecting fuch and fuch
numbers of atoms, of fuch fhapes, fizes, and
Vour. I
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motions, into mafles or concretions, an innu-
merable multitude of different bodies may be
formed. Wherefore, if to thofe four affections
of matter, which I lately called the moft prima-
ry and fimple, we ddd the feven other ways,
whereby, or on whofe account, it may be al-
tered, that are, though not altogether, yet al-
moft as catholick, we fhall have eleven prin-
ciples fo fruitful, that from their various affo-
ciations may refult a much vafter multitude of
phenomena, and among them of qualities,
than one, that does not confider the matter at-
tentively, would imagine. And to invite you
to believe this, I fhall defire you to take no-
tice of thefe three things.

Tz firft is, that fuppofing thefe ten prin-
ciples were but fo many letters of the alphabet,
that could be only put together in differing
numbers, and in various orders; the combi-
nations and other affociations, that might be
made of them, may be far more numerous
than you your felf willexped, if you are not ac-
quainted with the way of calculating the num-
ber of differing affociations, that may be made
between ten things propofed.. The beft way
I know of doing this is by algebra or fymboli-

«cal arithmetick, by whichiit appears, that of fo

few things fo many («) affociations may be made,
each of which will differ from every one of the
reft, either .in the number of the things affo-
ciated, or in the order wherein they were

placed.

Bur (which is the fecond thing to be taken
notice of ) .each of thefe ten producers of phz-

nomena admits of a fcarce credible variety.

For not to defcend fo low as infenfible corpuf-

.cles (many thoufands of which may be requi-
fite to conflitute a grain of muftard feed) what

an innumerable company of different bignefles
ay we. conceive between the bulk of. a mite,
a crowd of which is requifite to weigh one
grain, and a mountain, or the body of the
fun, which aftronomers teach us to be above
an hundred and threefcore times bigger than
the whole terreftrial globe? .

AnD fo though(g) figure be one of the moft
fimple modes of matter; yet it is capable
partly in regard of the furface, or furfaces of
the figured corpufcles (which may confift of
triangles, fquares, pentagones, &c.) and partly
in regard of the fhape of the body itfelf, which
may be ecither fla like a cheefe, or lozenge ;
or {pherical like a bullet ; or elliptical, almoft
like an egg; or cubical like a dye; or cylin-
drical like a rowling-ftone ; or pointed like a
pyramid,. or fugar-loaf: figure I fay, though
but a fimple mode, is, upon thefe and other
fcores, capable of fo great a multitude of dif-
ferences, that it is concerning them, and their
affeCtions, that Ewuclid, Apollonius, Archimedes,
Tbeodofius, Clavius, and later writers than he,
have demonftrated fo many propofitions. And

-yet all the hitherto named figures are almoft

nothing to thofe irregular thapes, fuch as are
to be. met with among rubbifh, and among
hooked and branched particles, &c. that are to
be met with among corpufcles and bodies ;
moft of which have no particular appellations,
their multitude and their variety having kept

men
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. _men froni enurmerating them, and much more and the fimilitude or diffimilitude of their f-

.€ven SR o gy S e
“it may be more ot lefs fwift) and’ that in an

from’ particular namih@ them.” '~ »
" "To which let;me add, that thefe varieties of
ﬁgure and fhape do" dlfo ferve to' modify the
motion, and other dffections of the corpufcle
“endowed with them, “and of the compounded

‘body; whereof it mikes a part.”

An that the(7) fhape and alfo fiz¢ of bodics,

“whether {fmall ot gréat, may exceedingly di-

verfify their natlire and ‘operation, 1 fhall often
have occafion to manifeft, and therefore I thall
~how only give you a grofs example of it ; by
inviting you to’ confider, how thany differing
forts of tools”and “inftruments, “almoft each of
them fit for many different operations and; ufes,
{miths, and other niot the nobleft fort of tradef
‘men, have been able to form out. of pieces of

‘iron, “only by miaking them of differing fizes,
‘and giving thém differing thapes. - For when

I have named bodkins, forks, blades, hooks,

Aeiffars, anvils, harnmicers, files, rafps, chiffels,

gravers, ferews, | vices, faws, borers; wires,

“drills, &c: when (T'1dy) T have named all thefe,

I have left a far gréater number undermen-

‘tioned. ) Coe

.86 likewife (8) motion,which feens fo fi mple
a principle, efpecially’ in’ fimple ‘bodies, may

n'in them be 'very mich diverfified.* For
almoft infinite diverfity of degrees.” It may be
fimple or comipdindd, uniférm; or difform,
and the greater,celerity may preceed or follow.

“The body may move 1n a ftreight line, orin a

circular, or in ‘fome other curve line," as ellip-

" tical; ‘hyperbolical; ‘parabolical, &c. of which

geomictricans have déferibed feveral, but of
which there ‘may be in all'l ‘knowpa.: how
many more 3 or clf;‘ the body’s motxon may be
varied according to ‘th'c"ﬁt}m.tiqn, “or 'nature of
the pody, it hits againft, ‘as that'is capable of
reflefing ity of refratting it, “or both, and
that after fevéral ‘marifiers: the body ‘may alfo
havé_ ah ‘undularing ‘motion, “4nd that with
{inaller of grédter ‘waves; or may have“a ro-
tation. about its own “middle parts; or may

have both a progreflive motion,’ and a rota-

tion, and the one.either cqual to the other, “or

fwifter thani it; in” almoft infinite proportions. -

"A§ o the deterimination of motion, ‘the body

ey fove ‘directly- upwards; or downwards, -

decliningly, ‘or hatizonully,. edft, Sweft; north,
or fouth, &¢. according to the fituation of the
G5 1t oy, A B the and o
raggifications of the jh‘q\o;lon'y;of:’ a-fimple cor-
pufcle’or body, whofs" pliznomena’ or effects
will Beallo divérﬁﬁgd,‘ as I partly’ noted alrea-
dys by.its bulk, ‘and by its figre':: befides all
thele, I fay, there will happen a'nei and great
;iy .of phieenomena, *wheén®'divers corpuf-
" though primogenial, -and- much " more  if
they be compounded, ‘move at’ once, and fo

the motion is confideréd in feveral bodies. For
thite, will arife new diverfifications from the
greater or lefier number of the moving corpul-
cless from their following one another clofe,
ot more at'diftance 5 from the order, wherein
,'t;hf;y‘fq}lb‘w ‘each “other ; from the uniforinity
of their motion; ‘or the confufednefs of it
from the equality; or inequality of their bulk,

gures 5 from' the nurownefs or widenels, 8.
of the channel or paffage, in which they move,
and the thicknefs, thinnefs, pores, and the
conditions of the medium; through which they
moves from the equal ‘or unequal celericy of
their ‘motion, and force of their impulic : and
the effeéts of all thefe ave variable by the differ-
ing f{ituation and ftructure of the fenforics, or
other bodies on which thefe corpuftles beat.

" Waat we have elfewhere faid, to thew that
Iocal motion is, ‘next the author of nature; the
principal agent in the production of her phano-
miena, may I hope fatisfy you, that thefe diver-
fities'in the motion of bodies may produce a
ftrange variety in their. nature’ and qualities.
"‘And as I lately did; fo T fhall now adumbrate
‘my meaning to you, by defiring you to apply
'to our prefent purpofe what you may: familiarly’
obferve in mufick. For according as the
ftrings, "or other' inftruments of - producing
founds, do tremble more or lefs fwiftly, they
put the air into a vibrating motion more or lefs
brifk, and produce thofe diverfities of foundsy

“which muficians have diftinguithed into notes,
‘which they have alfo fubdivided, and whereto
they have given diftin¢t names. * And though
the bodies, from whence thefe founds proceed,
inay be of very differing (<) natures ; as metalline,
as wire, gutftrings, bells, humane voices, wooden
‘pipes, &c. yet provided they putthe air inte
‘the like waving motion, the found and even
the note: will be the fame : which thews how
‘much that greater variety, which may betaken
‘notice of in founds, is the effe of local motion.
Andif the found come front an inftiument, as
‘a lute, where not only one ftring; hath'its proper
fotind; but many have among them feveral de-
‘grees“of tenfion, and are- touched, fometimes
thefe,” fometimes thofc, together; whereby
‘more, or fewer, ornone of their vibratioms
“come to be-coincidént, they will fofirike the
“dit, “as to- produce; fometimes thofe: pleafing
“fourids we' call ‘concords, and fometimes‘thofe
“harth ‘ones we call difcords. -

" I7 would 'take up too much time to infift up-

-on-eiich of the ten remaining affeGtions of mat-

ter, that I lately enumerated and reprefented to

,youras-exceeding fertile 5 and by what I elfe-
whete deliver about pores alone, and:the many

“forts of phaenoniena, in which they may have an

“ifiteteft, ‘I could’ add no finall confirmation to
what has been hitherto difcourfed ; if the infert-

- mig of it here’ would not enormouflyincreafe the

. bulk of this paper, which I rather declihe doing,

“becaufe what has been already faid of” thofe we

. have'now, though we have but very breifly

- treated of, may, Thope, be fufficient to perfvade
: yoE.'l,‘i‘that«fuch principles as thefe are capable of
- beiby' made far' more pregnant, than one would
- expect fo few principles.thould: be. . And this
perfuafion will be much facilitated, if we confi-
der, how great a variety may ‘be produced, not
“only by the diverfifications, that cach fingle prin-
ciple (upon the feore.of the attributes that may
belong to it) is capable of 5 but'miich more
by the feveral (5) combinations, that may be
made of them, efpecially confidering withal,
that our external and internal fenfes are fo con-

ftituted,
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ftituted, that each, or almoft each, of thoie
diverfifications or modifications may produce
a diftin& impreflion on the organ, and a cor-
refpondent perception in the difcerning faculty 5
many of which perceptions, efpecially if dif-
tinguithed, by proper names, belong to the lift
of particular qualities.

"CHAP IV

Yy HE third and laft difficulty, that now re-
mains to be confidered, may be thus pro-
poled: that whereas, according to the copufcu-
larian hypothefis, not only one or two qualities,
but all of them proceed from the bignefs, and
thape, and contexture of the minute parts of
matter, it is confonant to their principles, that
if two bodies agree in one quality, and fo in
the ftrutture, on which that quality depends,
they ought to agree in other qualities alfo ; fince
thofe. do likewife depend upon the firaéture,
wherein they do agree ; and confequently it will
be fearce poflible to conceive, that two fuch bo-
dies thould be endowed with fo many differing
qualities, as experience thews they may. ‘
To illuftrate this objettion by an example,
it is pretended, that the whitenefs of froth pro-
ceeds from the multitude and hemifpherical
figure of the bubbles it is made up of, Andif
this or any other’ mechanical fabrick or con-
texture be the caufe of whitenefs,  how comes
it to pafs, that fome white bodies gre inodo-
rous and  infipid, as the calx of harts-horn’;
“othersboth ftrongly fcented, and ftrongly tafted,
as the volatile falt of harts-horn or of blood ;
fome diffoluble in water, as falt of tartar; others
indiffoluble in that liquor, as calcined harts-
horn, &c. fome fixed in_the fire, .as the bodies
laft named ; gthers fugitive, as powdered fal'ar
moniack ; ‘fome incombuftible, as falt.of tartai;
othets very inflammable as’camphire. To which
examples a greater variety of ‘white bodies
might be added, if it were neceflary. ‘
Tris I confefsis a confiderable difficulty
may puzzle more than a novice in the corpui-
cularian philofophy: wherefore to do fome-
.what in order to the clearing of 'it, I fhall re-
commend to you the four following confidera-
fions : o T .

1. Anp firft I thall confider, that inthe pores
of vifible and ftable bodies, there may be oftén
lodged invifible and heterogeneous corpuicles,
to . which a particular quality, that belongs to
the body as fuchy is to be referred.  Thus we
fee in a perfumed glove; that in the pores of the
leather odoriferous particles are harboured,
which are of quite another nature than the lea-
ther it felf, and wholly adventitious to it, and
yet endue it with the fragrancy, for which it 15
prized. A like cxample is afforded us in raf-
berry wine made with claret, = For the pleafing
fmell is imparted to the wine, by the corpuftles
of the berries difperfed per minima through the

* whole body of it. T R
2. Tng fecond thing that I confider is this,
. that oftentimes corpulcles of ‘very differing na-
tures, if they be but fitted to convenc, or to be
pit together after certain manners, wh‘ich' yet
require no radical change to be made in their

2

‘call . {moothnefs.

~or quickfilver, &c. -

“gut-ftrings, or wires, &c.
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ceflential ftruétures, but only a ccx{ain ju:;m-
pofition or peculiar kind of compofition 5 fuch
bedies, I fay, may notwithﬁandingthcn"eﬁen_rzal
differences exhibit the fame quality,  For in-
vifible changes made in the minute, and per-
haps undefcernible parts of a ftable body may
futfice to produce fuch alterations in its texture,
as may give it new qualitics, and confequently
differing from thofe of other bodies of the fame
kind or denomination; and therefore though
there remains as much of the former flruéture,
as is neceffary to make it refain its denomina-
tion, yet it may admit of alterations {ufficient
to produce new qualities. Thus when a bar of
iron has been violently hammered, though it
continues iron fill, and is not vifibly altered in
its texture 3 yet the infenfible parts may have
beeh putinto fo vehement an agitation, as may
malke the bar too hot to be held in one’s hand.
And {o if you hammer a long and thin piece of
filver, though the change of texture will not
be vifible, 1t will acquire a {pringinefs, that it
had not before. And if you leave this ham-
mered piece of filver a little while upon the
glowing coals,and after let it cool, though your
eye will perchance as little perceive, that the fire
has altered its texture, asitdid before, that the
hammer had; yet you will find the clafticity
deftroyed.

Ir on the furface of a body there arife or
be protuberant 2 multitude of fharp and fiff
parts, placed ‘thick or clofe together, let-the
body be iron, ‘filvér, or ‘wood, or of what
matter you pleafe, thefe extant and rigid
parts will fufiice to make all thefe bodies to
¢xhibit the fame quality of afperity, or rough-
nefs, ' ’

Awnp if all the extant parts of a: (phylfical)
fuperficies be fo deprefled to atevel with the
reft, that there is_a co-cequation, if I may fo
{peak, made of all the {uperficial parts of a
body ; this is fufficient to deprive it of former

roughnefs, and give it that contrary quality we

N And if this fmoothnefs be

confiderable exquifite, and happen to the fur-
facc of ‘an opacous bodyof a clofe and folid
‘contexture,” and ' fit to refle€t the incident rays

‘of light and othér bodies unperturbed 5 this is

enough to make it fpecular, whether the body
be fteel, or filver, or brafs, or marble, or flint,

_AnD foy as Inoted in the laft chapter on
‘another occafion, if ‘a body be fo framed and
ftretched,” as being duly moved by another
body to plit the air into an undulating motion,
brifk enough to be heard by us, we call that
fonorous, whether it be a metalline bell, or
‘ Nay if waving
motions, whereinto theair is puc by fuch dit-
fering bodies, be alike, thefe bodies will not on-
ly in general give a found, but will yield-that
particular degree of found, that men call the

" fame note.

For here it is to be confidéred; ghat befides
that peculiarand cflential modification, which
conftitutes a body, and diftinguifhes it from ail
others, that arenot of the fame {pecies, there
may be certain other attributes, that we call

“extra-eflential ; which may be common to that

body
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body with many others, and upon which may
depend thofe more external affeGions of the
matter, which may fuffice to give it this or that
relation to other bodies, divers of which rela-
tions we ftile qualities.

Or this I fkall give you an, cvident example
in the production of heat.  For provided there
be a fufficient and confufed agitation made in
the infenfible parts of a body, whether it be
iron or brafs, or filver, or wood, or, ftone;
thatvehement agitation, without deftroying the
nature of the body that admits it, will fit it for
fuch an operation upon our fenfe of feeling,
and upon bodies eafy to be melted (as butter,
wax, &c.) as we call heat,
 "Anp {o in the inftance named in the objec-
tion about whitenefs ; it is accidental to that
quality, that the corpufcles it proceeds from
fhould be little hemifpheres. For though it
happen to be fo in water agitated into froth ;
yet in water frozen to ice, and beaten very
fmall, the corpufcles may be of all manner of
thapes; and yet the powder be white. And
it being fufficient to the producing of white-
nefs, that the incident light be reflected copi-
oufly every way, and untroubled by the reflec-
ting body, it matters not, whether that body
be water, or white wine, or fome other clear

~ liquor turned into froth, or ice, or glafs, or
‘cryftal, or clarified rozin, &c. beaten into
powder ; fince without difflving the effential
texture of thefe formerly diaphanous bodies, it
fuffices, that there be a comminution into grains
numerous and fmall enough by the multitude
of their furfaces, and thofe of the air, or other
fluid, that gets between them, to hinder the
paffage of the beams of light, and reflect
them every way, aswell copioufly, as unper-
turbed.

Peruaps it may not be impertinent to add
to this, that there may be other catholick af-
fections of corpufcles, befides the fthape or
ftru€ture of them, by virtue whereof aggre-
.gates even of fuch as are (as to fenfe) homo-
geneous, may exhibit differing qualities: as
for inftance, they may have fome, when they

~are in a briik motion, and others, when the
are but in a languid one, or at reft: as fa?;
petre, when its-parts are fufficiently agitated
by the fire in a crucible, is not only fluid but
tranfparent almoft like water ; whereas when it
cools again, it becomes a hard and white bo-
dy; and butter, thatis opacous in its moft
ufual ftate, ‘may be diaphanous when it is
melted. So 1 fhall hereafter have occafion to
thew you, that a great quantity of beaten ala-
blafter, which ufually retains the form of a
movelefs heap of white powder, by being after
-a due manner expofed to heat, obtains, and
that without being brought to fufion, many of
the principal qualities of a fluid body. And
if with good fpirit of nitre, or aqua fortis, you
fill a glafs half full, it will (unlefs it be extraor-
dinarily deflegmed) exhibit no rednefs, nor ap-
proaching colourin the veffel: but if you warm

1t a little, or caft into it a bit of iron or of fil- -

ver, that'it may put the liquor into a commo-
tion, then the nitrous fpirits devefting the form
of a liquor, and afcending in that of fumes,

will make all the upper part of the glafs look
of a deep yellow, or ared. | :

3. THE third thing I would recommend to
your confideration is, to refleét on what I pro-
pofed in the laft foregoing fetion, where I
told you, that in reference to the production
of qualities, a body is not to be confidered
barely in itfelf, but as it is placed in, and is a
portion of the univerfe. But of this fubject 1
have faid fo much in the newly mentioned dif-
courfe, and in that which you are there referred
to, that I fhall now only put you in mind,
that divers of the particulars to be met with in
thofe difcourfes are applicable to our prefent
purpofe.

4. To all this let me add in the laft place,
that, as to that part of the grand objection that
we are clearing, which urges the difficulty of
explicating upon the corpufcular principles,
how, for example, the fame body, whofe ftruc-
ture makes it thaped fo as to be fit to exhibit
whitenefs, fhould likewife have divers other
qualities, that {feemed to have no affinity with
whitenefs. This fcruple, I fay, we may, by
what we have already difcourfed, be affifted to
remove ; efpecially if we fubjoin another con- -
fideration to it. For if corpufcles without
lofing that texture, which is ‘effential to them,
may (as we have thewed they may) have their
thape, or their furfaces, or their fituation
changed; and may alfo admit of alterations,
(efpecially as thel%l corpufcles make up an ag-
gregate or congeries,) as to motion or téft;: as
to thefe or thofe degrees, or other circus-
ftances of motion ; as to laxity and denfity of
parts, and divers other affeCtions; ‘why thould
we not think it poffible, that a ingle, though
not indivifible, corpufcle, and much more an
aggregate of corpufcles, may by fome of théfe,
or the like changes, which, as I was faying,
deftroy not the effential texture, be fitted to
produce divers other qgualities, befides’thefe
that neceffarily flow from it ? - Efpecially eonfi-
dering (which is that I have now to add) that
the qualities commonly called fenfible, ‘and' ma-
ny others too, being according to our opinion
but relative attributes, one of thefe now men-
tioned alterations, though but mechanical, may
endow the body, it happens to, with new: re-
lations both to the organs of fenfe, and-alfo to
fome other bodies, and confequently may en-
dow it with additional qualities.

Ir from good venice or other turpentine
you gently evaporate, or abftract-abotita third
part of its whole weight; you may’ obtain 2
fine tranfparent, and-almoft reddith colophony.
If you beat this very fmall, it will loofe its co-

lour and tranfparency, ‘and will afférd you an
‘opacous and very white powder. ‘If you ex-

pofe this to a moderate heat, it will quickly

‘and without violence both regain its colour and

tranfparency, and acquire fuidity. ‘And ih
‘whillt it is thus melted, you put the end- ofa
quill or reed a little beneath the furface, ard

‘blow fkilfully ‘into it, you may ‘obtain bubbks

adorned with very various and vivid colouws.
If when it has loft its fluidity, but whilft it is
yet pretty warm, you take it into your hands,

you will find, that it has in that ftate a vifcofity,

3 : by
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by vertue of which you may draw it out into
threads, as you may paft; but as foon as it
grows quite cold, it becomes exceeding brittle:
‘and if whillt it is is yet warm, you give it the
fhape ofa triangular prifm, and make it of a
convenient, bulk, it will exhibit variety of co-

lours almoft like a triangular giafs. Whilft this.

colophony s cold, and its parts are not put in-
to a due motion, ftraws and other light bodies

may be held unmoved clofe to it; but if by

rubbing it a little you put the parts into a con-
venient agitation, though perhaps without fen-
fibly warming the colophony, it difplays an
cletrical quality, and readily draws to it the
hairs, ftraws, &c. that it would not move be-
fore. All or moft of thefe things you may
alfo perform, if I miftake not, with clarified
rofin, though I am not fure it will do fo well.
To this I hall add one inftance more, which
may let youfee, how the fame body, which the
chemifts themfelves will tell you is fimple and
homogeneous, may, by vertue of its thape,and
other mechanical affections, (for it is a factiti-
‘ous body, and that is made by the deftruttion
of a natural one) have fuch differing refpects
to different fenfories, and to the pores, &ec. of
divers other bodies, as to difplay feveral very
differing qualities. The example 1 fpeak of,
is afforded me. by the  diftillation of putrefied
urine.  For though fuch urine have already
loft its firft texture before it come to be di-
ftilled 5 yet when it has undergone two or three
diftillations to deflegm it, the fpirits of it
fwimming in a phlcgmatick vehicle have a
pungent faltnefs upon the tongue, and a very
ftrong, and to moft perfons an offenfive fmell
in the noftrils ; and when they are freed from
the water, they are wont to appear white to
the eye ; and to very tender parts, as to thofe
that are excoriated, or to the conjunétiva they
feel exceeding fharp; and feem to burn almoft
like a cauftick, not to fay like fire; infomuch
that T have feen them prefently ' make blifters
upon the tongue itfelf, that was not raw or
fore before they touched it; the fame faline
particles invifibly flying up to the eyes prick
-them, and make them water; and invading

the nofc often caufe that great ‘commotion in

the head and other parts of the body, that we'
call fheezing. The fame corpufcles, if they are
much fmelt to by a woman in hyfterical fits,
do very often fuddenly relicve her, and fo may
be reckosed among the fpecifick remedies of
that odd and manifold difeafe, which is not the
only one, in which they are confiderable medi-
cines, as we have elfewhere declared. The
fame corpufcles taken into human bodies have
the qualities, that in other medicines we call
ﬂiapho‘rctick, and diuretick 5 the fame parti-
cles being put upon filings of brafs produce a
fine blue, whereas upon the blue or purple
juices of many plants they prefently produce a
green ; being put to work upon copper, whe-
ther crude, or calcined, they do readily dif-
folve it, as corrofive menitruums are wont ‘to
do other metals ; and yet the, fame corpuicles
being blended in a due pmportion with the
acid falts of fuch menflruums, have the vir-
tuc to deftroy their correfivenefs 5 and if they

Vor. I

PARTICULAR QUALITIES.

be put into folutions made with -fuch men-
ftruums, they have a power, excepting-in very
few cafes, to precipitate the hodies  therein
diffolved. I might here add, Pyrophylus, how
the fame particles applied to feveral other bo-
dies, to which they have differing relations,
have fuch diftinét operations on them, as may
intitle thefe faline fpirits to other qualities.
But to enumerate them in this place were te-
dious, efpecially having already named fo ma-
ny qualities refiding in this {pirituous falt;
which I therefore the rather pitched upon, be-
caufe being a faltitious body, and made out of
a putrefied one, and fo fimple as to be a che-
mical falt (which, you know, {pagyrifts make
one of the three principles of compounded bo-
dies) I fuppofe you will make the lefs fcruple to
admit, that it works by virtue ofits mechanical
affe@ions. Of which to perfuade you the
more, I fhall add, that if you compound this
urinous falt with the faline particles of com-
mon falt (which is alfo a factitious thing, and
confeflfed by chemifts to be a fimple principle
of the concrete, that yeilds it) thefe two being
mingled in a due proportion, and fuffered lei-
furely to combine, will affociate themielves in-
to corpuicles, wherein the urinous falt lofes
moft of the qualities I have been afcribing to
it, and with the acid {pirit compofes, as I have
often tried, a body little differing from fal ar-
moniack : which great change can be afcribed
to nothing fo probably, as to that of the fhape
and motion (not here to add the fize) of the

“utinous falt, which changes the one, and lofes

a great part of the other by combining with
the acid fpirits.  And to confirm that both
thefe do happen, I have feveral times flowly
exhaled the fuperfluous, but not near the whole
liquor from a mixture made in a due propor-
tion of the fpirit of urine and that.of falt, and
found, that anfwerably to my conjetture, there
remained in the bottom a falt, not only far
more {luggith than the fugitive one of urine,
but whofe vifible thape was quite differing from
that of the volatile cryftals of urine, this com-
pounded falt being generally figured, either
like combs or like feathers. ‘ .

IF after all this we do either add or incul-
cate, that the extraeflential changes, that may
be made in the thape, contexture and motion,
&ec. of bodies, that agree in their effential mo-
difications, may not only qualify them to work
themfelves immediately after a differing man-
ner upon differing fenfories, and upon other
bodies alfo, whofe pores, &c. are differently
conftituted, .but may difpofe them to receive
other impreflions than before, or receive wonted

ones after another manner from the more ca-

tholick agents of nature; if, I fay, we recom-~
mend this alfo to your confideratian, what has
been delivered in the whole difcourfe” will I
hope let you fee, that the feruple propofed at
the beginning of it is not fo perplexing a one
to our philojophy, as perhaps youthen ima-

gined it. : o
Tue three difficulties cenfidered partly in
this, and partly in the two foregoing fc&ions,
I was the more inclined to take notice of in
this place, (for in divers other paflages of my
Y ' writings
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writings youwill meet with things, that are ap-
plicable to the paftdifcourfe, and thould be re-
ferred thither) partly becaufe the fcruples them-
felves are of great moment, -and for onght I
know. haye been difcuffed by others 5 and part-
ly becaufe thefe difficulties relating in fome fort
to the corpufcularian hypothefis in the general,

* the clearing of them may both ferve to confirm

feveral of thefe things, that have dbove been
written about the origin of forms and qualities
(to which it might therefore have been joined)
and will be conducive to a clear underftanding,
and explicating divets of the particulars that I
am about to deliver, and perhaps feveral other
phznomena of nature,

O F THE

.SV,Y‘S,TEMATICAL or C’osMICAL

QUALITIES of THINGS.

CHAP I

EXPECT, Poriphilus, that being forne-

what furprized at the title of this dif
" courfe, you will prefently afk, what I un-

* derftand by Cofmical or Syftematical Qua-
fities ; that name being new enough to require,
that I fhould tell you, both what is meant by
it, and why I make choice of it.

To anfwer fo reafonable a queftion, I fhall
inform you, that I confider, that the qualities
of particular bodies (for I fpeak not here of
magnitude, fhape, and motion,; which are the
primitive modes and catholick affeGtions of
matter itfelf) do for the moft part confift in
relations, upon whofe account one body is fitted
to act upon others, or difpofed to be acted on
by them, and receive impreffions from them ;
as quick-filver has a quality or power (for I
bere take qualities inthe larger-fenfe) to dif-
folve gold and. filver, and a capacity or dift
pofition to be diffolved by aqua fortis, and
(though lefs readily) by aqua regis. And this
being premifed, I obferve farther, that, though
in eftimating the qualities of natural bodies, we
are wont to confider but the power any par-
ticular one has of ating upon, or the capacity
it has of fuffering from fuch and fuch particular
bodies, wherewith it is taken notice of to have
manifeft commerce in point of making or of
receiving impreflions ; - yet there may be fome
attributes, which may belong to a “particular
hody, and divers alterations, to which it may
be liable, not barely upon the feore of thefe

 quakities, that are prefumed to be evidently in-

herent in it, nor of the refpeds it has to thofe
other particular bodies, to which it feems to be
manifcftly related, but upon the account of a
fyftem fo conflituted as our world is, whofe
fabrick is fuch, that there may be divers un-
heeded agents, which, by unperceived means,
may have great operations upon the body we
confider, and work fuch changes it, and en-
able it to work fuch changes on other bodies,
as are rather to be afcribed to fome unheeded
agents, than to thofe other bodies, with which
the body propofed is taken notice of to have to

do. So that although if divers bodies, that T
could name, were placed together in vacuo, or
removed together into fome of thofe imaginary
fpaces, which divers of the fchoolmen fancy to
be beyond the bounds of our univerfe, they
would retain many of the qualities they are now
endowed with ; yet they would not have them
all: but by being reftored to their former
places in this world, would regain a new fet of
faculties (or powers) and difpofitions, which,
becaufe they depend upon fome unheeded rela-
tions and impreflions, which thefe bodies cwe
to the determinate fabrick of the grand fyftem
or world they are parts of, I have, until I can
find 2. more proper appellation, thought fit to
name their cofmical or their fyftematical qua-
lities.

1 have in the Origin of Forms touched up.-
on this fubject already, but otherwife than I am
now about to do. For whereas that which I
do principally, (and yet but tranfiently,) take
notice of, is, that one body being furrounded
with other bodies, is manifeftly wrought on by
many of thofe among whom it is placed ; that
which I chiefly in this difcourfe confider, is
the impreffions, that a body may receive, or
the power it may acquire, from thofe vulgarly:
unknown, or at leaft unheeded agents, by which
it is thus affefted, not only upon the account
of its own peculiar texture or “difpofition, but
by virtue of the general fabrick of the world.

. CHAP IL
NOW though there be feveral of the grand

mundane bodies, and divers laws and
cuftoms of nature, which may contribute (more
or lefs) to the phenomena of the qualities we
are treating of 3 yet becaufe a diftinét and par-
ticular inquiry into each of them would chal-
lenge a much longer difcourfe than this thort
effay is to be, and a much abler pen than his
that writes it; I did not only think it fit to
referve what occurs to me about the laws and
cuftoms of nature; as they concern this fubjeét,
to another difcourfe, or an appendix to this;
but to declare to you alfo, that whereas the
three main bodies, whofe more unobferved ope-
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rations and changes have the moft confiderable
influence on the qualities we are to treat of, are,
the fubterraneal parts of the globe we inhabit;
the ftars, whether fixed or wandring, with the
ether that is about them ; and the atmofphere
or air we live in; I forefee, that it will be requi-

{ite for me to affign the experiments and ob-

fervations I have colletted about thefe three
filbjeéts to other tralts. So that in this eflay
iy chief work will be, to take notice’ to you
of fome confiderations, that may be introduc-
tory in .a more general way to the clearer
knowledge of the fubject to be difcourfed ofi
To which I may, as time and my occafions
may permit, fubjoin fome particulars, whichy
though perhaps they do not all of them fo di-
reétly or properly belong to the folemnly pro-
pofed heads of this difcourfe, yet are not im-
pertinent to the defign of it; and on that {core
may be allowed their places in it.

Anp leaft you thould think, that under the

- name of cofmical qualities; I fhould introduce

chimzrds into natural philofophy, I muft be-
times advertife you, that you will meet with
divers particles in the following difcourfe, fit to
fhew, that thefe qualities are not meerly fictiti-
ous qualities 3 but fuch; whofe exiftence I can
manifeft, not only by confiderations not ab-
furd;- but alfo by real experiments and phyfical
phenomena. And to prevent miftakes, [
thall add; that under the name of catholick
and unminded caufes or agents; I comprehend
not only divers invifible portions of matter,
but alfo the eftablithed laws of the univerlc,
or that which is commonly called the ordinary

courfe of nature. And when I fpeak of un-

obferved agents or caufes; I do not always
mean, - that they are not known or taken notice
of to be in ‘rverum natara, but that they are
not vulgarly confidered or looked upép, as the
caufes of fome particular phzenomena; wherein
I afcribe to them an intereft or efficiency. »

Bu T before I proceed any farther, it will
not be amifs to intimate in this place, that the
things, on which I founded the purpofed no-
tion of the cofmical attributes of bodies, were
principally thefe three s

1. THaT there ate many bodies, that in
divers cafes act not, unlefs they be acted onj
and fome of them a&, either folely or chiefly,
as they are acted on by the catholick and un-
heeded agents, we have been {peaking of.

2. THAT there are certain fubtle bodies
in the world, that are ready to infinuate them-
felves into the pores of any body difpofed to
admit their a&tion, or by fome-other way affect

it, efpecially if they have the concurrence of -
‘other unobferved caufes and the eftablifhed

laws of the univerfe. .

3. TuaT abody by a2 mechanical change
of ‘texture may acquire or loofe a fitnefs to be
wrought upon by fuch unl}eeded agents, and
alfo to diver(ify their operations on it upon the
fcore of its varying texture.

Tarse three propofitions I fhall endeavour
to- confirm diftinétly by the enfuing experi-

QUALITIES 0f} THINGS:

ments and pheenoniena : but bgcaufe divers of
thefe proofs may each of them ferve to confirn
miore than one of thefe propofitions, and be-
caife the making out of the two Jaft, which

are the moft important (and the leaft pt_'»qbab']e) .

is.the main defign of this difcourfe, I fhall fay
the lefs to the firft; leaving it for thie moft part
to you; to refer to either of the three pro-
pofitions what you fhall meet with belonging
to it in what is faid upon either of the other
tWo,

CHAP I

¥ O begin then with the firft propofition;
T namely, ¢ That there are many bodies,
« that in divers cafes act not; .unlefs they be
« afted on; and fome of them att esther folely
« or chiefly, as they are alted on by the catho-
¢ lick and unheeded agents, we have been
< fpeaking of :”’ the former part of it will, I
prefume, be eafily granted, it being evident
by fuch grofs inftances as thefe, that a wedge
will not cleaye a block, unlefs it be impelled

againft it by a hammer (or fome quivalent

inftrument) nor a knife attraét a needle, unlefs
it be excited by a magnet. But as to the fe-
cond, it will not in likelihood be fo readily af-
fented to, and therefore having i tranfitu il
luftrated it by obferving to you, that concave
looking-glaffes; and convex burning-glafies;
kindle not other bodies, unlefs they be enabled.
to do fo by the reflefted or trajected beams of
the fun, I fhall proceed to prove it by a couple
of inftances, ‘ : _ ,

- THE one is; an iron bar, that hath long
ftood in a window, or fome other fit place in
a perpendicular poftuse ; for though: this - bar
was not, when 1t was furft ere€ted; endowed.
with a magaetifim any thing fuperior to that of
other iron bars of the like fhape and bignefs,
yet after it _hath very long ftood in that pofi-
tion, it will by the operations of invifible a-
gents acquire a farther degree of magnetifm;
than belonged to it, as a bar of iron, and is
enabled to produce fome magnetical phzno-
mena (eHewhere mentioned) that it could not
before:

T ut fecond inflance is afforded us by what
happens to a very flat and exquifitely polithed
piece of marble ; for though of itfelf it hath
no power to help folift up any other dry body
that 1t is laid upon, yet it it come to- be fkil
fully laid upon another piece of marble as flat
and fmooth as it, and of a bulk not too un~
weildy ; this upper ftone, by virtue of the fa-
brick of the world, which gives the ambient

air fvidity and weight, is enabled without any -

other cement or faftening inftrument than im-
mediate contact, to raife with itfelf (in cafe a
man lift it up) the lower marble, though per-
haps an hundred times heavier than itfelf.
* [ Whereas, if this laying one of thefe ftones
upon the other had been done i# vacwo, I
doubt not but no fuch power had thereby
accrued to the uppermoft of them.}

CHAP.

* See this experimentally proved in the Continuation of the Author’s New Experiments touching the air, experiment

the fiftieth,
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. 1r you take a bar of iron, or rather-of fteel

Of the SYSTEMATICAL or COSMICAL

CHAPD. IV.

[JROCEED we now to our fecond pro-
A pofition, which fpeaks to this purpofe ;
¢« That there are certain fubtle bodies in the
world, that are ready either to infinuate them-
felves into the pores of any body, difpofed
to admit their ations; or by fome other
way to affect it ; efpecially if they have thé
concurrence of ‘other unobferved caufes, and
the eftablifhed laws of the univerfe.”” I need
not take notice on this occafion, that divers of
the ancient philofophers thought, that there
was a fubtler body than the common air, and
called zther ; and that the Cartefians tells us,
that there is fuch a fubftance diffufed through-
out the univerfe, which they call, according to
the differing fizes of its parts, fometimes pri-
mmum elementum, and fometimes materia cxleftis,
to which they attribute the ufe of pervading
all other bodies, and adequately filling thofe
pores of theirs, that are correfpondent in big-
nefs and figure to the differing portions of this
infinuating matter. ‘That there may be fuch a
fubftance in the univerfe, the afferters of it will
probably bring for proofs feveral of the phe-
nomena I am about to relate.. But whether

there be, or be nét in the world any matter,

that exactly anfwers to the defcriptions they
make of their firft and fecond elements, I fhall
not here difcufs ; though divers experiments
feem to argue, that there,is in the world an
®thereal fubftance very fubtle and not a little
diffufed. But though thefe things feem, as I
was faying, probable enough; yet the invifible
agents; I fhall here chiefly, though not only,
take notice of, will be the air (as it hath a
weight and pring) and the magnetical efluvia
of theé terreftrial globe.

and another like it of filver, and having heated
each of them red hdt, and put them to cool
diretly north and fouth; though they be both
atted upon by the fame agent, the fire, and
the fteel, as to fenfe, feems fuch as it was be-
fore, yet the texture of thefe two metals being
different, the filver acquires no new quality by
what hath been done to it, whereas the igni-
tion of the fteel having opened its pores, and
made its parts more pliable (as may be argued
{from the {welling of iron heated red hot, and
its foftnefs under the hammer) it is eafily,
whilft in this ftate it lies north and fouth,

pervaded by the magnetical efluvia of ‘the

earth, which glide perpetually through the air
from one pole to another, and by the paffage
of thefe fteams it becomes endowed with a
magnetical property, which fome call polarity,
wlereby being freely fufpended and exaltly

poifed, it will, as it were, fpontaneoufly direét

ufelf towards the north and fouth, and exer-
cife fome operations peculiar to magnetical bo-
dies, And that it may feem the lefs ftrange,
that I fhould afcribe to fo grofs and dull a body,
as the carth, the power of invifible communi-
cating to iron g magpnetical virtue, which is
thought to be of f {piritual a nature 5 I fhall

put you in mind of an ex; esiment, that ] ac-

quainted you with divers years ago, about the
earth’s power to impart, in fome cafes, without
the help of aloadftone, a dire&ive faculty to the
loadftone itfelf.  For, having by ignition de-
prived an oblong magnet of its former attrac-
tive power, by taking it red Lot out of the fire,
and fuffering it to cool north and fouth,. I could
at pleafure, by placing either end northward
or {outhward, whilft the ftone was refrigerating,
make what end I had a mind to, point to the
north pole ; and when it had done fo, I could,.
by a new ignition and refrigerating of it in a
contrary pofition, make the fame end of the
ftone become its fouthern pole. *
Ir you take a capacious glafs vial with a
flender neck, ending in a fharp angle, with only
a pin-hole left open at the apex, (inftead of
which veffel, Hero’s egg, as fome call it
though far {maller, and without fuch a neck
may ferve turn) and by fution or otherwife
free it from as much of the included air as you
can ; and if then having ftopped this hole with
your finger, you immerfe it fomewhat deep
under water, and, laftly, withdraw your finger;
the water will, contrary to its own nature {(as.
is vulgarly conceived) fpring up with violence,

and to a good height into the cavity of the.

vial ; which motion of a heavy liquor upwards.
cannot be afcribed to the motion of the finger ;
for that did but unftop the orifice, and not im-
pel up the water ; nor need Le attributed to-
nature’s abhorrence of a vacuum, which (whe-
ther there be fuch a thing or not) it is altoge-
ther unneceffary to have recourfe to in this
cafe ; the preflure of the ambient air, pro-,
ceeding from its weight upon the furface of the
water, being fufficient to force up that liquor
into the vial, 1n which the remaining air, by
being rarefied, upon the feore of the abfence
of that which was taken out, hath its {pring
too much weakened to be able to refift the
preflure of the outward air, as it formerly
could do ; whereas, if this experiment were
tried'in vacuo, the water would not be raifed,
there being no outward agent to impel it up.

CHAP V.

I HAD fometimes the curiofity to confider.
beans and peafe pulled up out of the ground
by the ftalks, in order to an inquire into their
germination; and after having taken notice of
their tumidnefs upon their having imbibed the
moifture of the foil, and of their way. througly
the ambient earth not only upwards with their
ftems, but downwards with their terider roots ;
I thought fit to try, with what ftrength and
force the caufes of their intumefcence endea-
voured to dilate them. Whereupon I filled
with a quantity of fuch dry beans, as are in
Lngland wont to be given to horfes, feveral
vials and bottles, fome of glafs, and fome of.
carth, whereof two or three were of a confi-
derable ftrength: which done, the intervals
between the beans were filled with water, ,and
the vefels were exaltly ftopped with corks.
ftrongly tied down with ftrings, that nothing’
might get out ; for I fuppofed, that the warer
foaking into the pores of the beans, would al-
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fwelling beans was, we put'a convenient quan-;

VI

ter the figure of the pores, and produce in
them an endeavour to fwell ; which being
checked by the fides and ftopples of the veflels
would difcover, whether that endeavour were
fo forceable as I fufpected, The fuccefs was,
that moft of thefe veffels (for in one or two
of them we found the ftrings broke, that

withftood the raifing of the ftopples) whether-

of glafs or earth, were burft in funder.
Bu v being defirous to make a nearer efti-
mate, how great this expanfive force of.the

tity of them into an hollow, but ftrong cy-
linder of brafs, which I had caufed to be pur-
pofedly made for fuch kind of trials, whofe
cylindrical cavity was juft fix inches in length,
and two in diameter : then having put in wa-
ter enough to reach the top of the beans, we
put into the upper part of the cylinder, which
was purpofedly lefc unfilled, a wooden plug,
made" fit for the orifice, by being turned into
a cyhndrical form, and a little narrower than
the orifice, that it might move freely up and
down, though the water thould make it fome-
what fwell. Upon the top of this plug, on
which leaned a broad and thick piece of wood,
fhaped like a round trencher, and made of the
fame piece with the plug, was placed a.com-
mon half hundred weight of lead, which yet
could not deprefs the plug too low, being hin-
dered by the breadth of the trencher, made as
well to prevent the too great depreflion of the
plug, as to afford a' convenient bafis to the
weight.  Laftly, baving kept the cylin-
der In a quict place for a fit {pace of time

(which is in fuch trials fometimes two or three:

days,; fometimes more or lefs according to the
temperature,of the alr, and quantity of the in-
cluded matter,) we obferved, as I expected,
that the fwelling beans had very manifeftly.
heaved up the plug, and the incumbent weight.
beyond the former ftation. And T fufpected,
that if we had had fmall weights (of a pound
or two a piece) conveniently. fhaped, a hea-
vier weight might have been raifed by the fame
forde. ' I

. LT .is not ‘neceffary in this place, that I

mention feveral particulars relating to the ex-
periment, -as how it fucceeds in corn ground
and unground, how in dried fruits, as raifins

and currants, how in dried peafe, (which we.

found to dilate themfelves very ﬁronglygand
what liquors will or will not caufe an inthme-
{cence ; nor thall I here fpeak of divers cir-
cumftances, that may be taken notice of in
fuch trials ;. only I.muft not omit this particu-
tar, that I had a mind to make fome trial,
whether the force of fwelling beans, to prefs or
thruft up the incumbent weight, would not in
cylinders of different fizes be increafed in fome-
what near a duplicate proportion to that of the
diameters, or the areas of the orifices of the
differing cylinders (becaufe it is according to
the greatnefs of thofe areas, that the force can
be applied upwards ;) but having not weights
enough fo fhaped as ] needed, 1 could not
make fuch an experiment as I defired 3 but
thus much however 1 difcovered in order to
my purpofe, that the preflure upwards of the
Vor.
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drenched beans was very much greater in
wider cylindrical veffels than in narrower ones:
for having put a convenient quantity of dried
beans into a metalline cylinder, that wanted a
pretty deal of being fo deep as fix inches, and
was not quite four inches broad 5 when the in-

cluded beans began to fwell, they manifeftly

lifted up fuch a plug as was larely defcribed
(but broader) with weights upon it, amounting
to an hundred pounds or better. ,

WHaETHER this may pafs for a new phy-
fical wis movens, 1 freely leave to you to de-
termine ; -as alfo to confider, whether by me-
chanical contrivances, fo great a force, as may
be this way produced, and which flowly and
filently proceeds, till it hath attained its utmoft
energy, and may be conveyed into bodies
without working any effect before the due
time, may not in fome cafes be made appli-
cable to ufeful purpofes.

I thall not now examine, whether or how
far the foregoing experiment may confirm the
Cartefian hypothefis about their materia [ubti-
lis 3 nor whether upon the notions, which our
experiments may fuggeft, we may be enabled
to explicate the force, wherewith fermenting
liquors do often break the weflels, wherein
they are too exactly fhut up; about which
pheznomena, and of fome others of kin to 1t,
1 elfewhere propofe fome conjectures. -

I think it fitter in this place to take notice
to you of fomething, that more directly be-
longs to our prefent fubject; namely, that
the air, within which- name I here comprife
the xther, that may be harboured in.its pores,
may in fome cafes, by its conftant prefence,
and in others, by its being always at hand, and
its readinefs to infinuate itfelf wherever it can
get admittance, concur to the produ&i:on_of_
divers ph®nomena, wherein its co-operation
has not been-fufpected even by philofophers :
for, not to mention what I have by experi-
ments purpofely devifed, that the air’s being
prefent to prefs upon the fuperficies of liquors
1s o requifite in fution, that they will not
thereby be made to afcend without it; and be-
fides that to the putrefying of fome bodies
within the time (or even within ten times the
time) that nature is wont to putrefy them in,
they will not be brought to putrefaction, if the
air be all the while carefully fecluded : befides
thefe things, I fay, I found, [that the light,
which appears in fome rotten woods, and in
fome putrefied fithes, did fo much depend upon
the prefence of the air, that if that were quite
withdrawn from them, the light would difap-
pear, and when they were reftored to the con-
tact of the air, they would fhine forth again
as formerly. But of this elfewhere.] '

CHAP VL
KNOW not, whether it will be fit to

add, that befides what the air (with the
fubtler matter that may be mingled with it)

may do as a fubftance ; .it may perform divers.

things upon other accounts, as its finer parts
may be, though infenfibly, moved in phyfical

{trait lines 3 or as it is che fubject of fwarms of

corpufcles
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corpuicles put into peculiar,. though invifible,
motions. For inftance, if I take a fheet of
paper, and rub it over with oil, or even a fit
kind of greafe ; that, which the liquor appa-
rently does, is only to pierce or foak into the
pores of ‘the paper, which before did by, their
crookedne(s, or upon fome other mechanical
account render the paper opacous. But this
infinuation of the unétuous body into the
pores having altered them as to figure, or to
fize, or to both, and having by that alteration
given the paper a texture difpofed to allow due
paflage to the corpufcles of light, or to tranf-
mit their peculiar kind of impulfe (whence fe-
veral naturalifts derive light) the motions, as
1 was faying, or invifible corpufcles-in the air,
depending upon the conftitution of the world,
do prefently act upon the paper, and produce
beyond it both a fenfation of light, and the
reprefentations of a muldtude of objects, whence
the light refleéts, and which could not be fetn
through it before, L

I need not perhaps tell you, that if a pretty
large box be {o contrived, that there may ‘be
towards the one end of it a fine-theet of pa-
per, ftretched like the leather of a drum-head,
at a convenient diftance from the remoter
end,  where there is to be left an hole covered
with a lenticular glaf fitred for the purpofe,
you may at a little hole, left at the upper part
of the box, fee upon the paper fuch a lively
reprefentation, - not only of the motions, but
fhapes and colours of outward objeéls,’ as did
not a little delight me, when I firft caufed this
portable darkned room, if I may fo call 1,
to be made. - 'Which inftrument I fhall not
here more particularly defcribe;  partly becaufe
1 thewed ityou feveral yearsago, fince whendi-
verfe ingenious men have tried to imitate mine
(which you know:was to be drawn out or fhort-
ned like a telefcope, as occafion required) or
improve -the ' pratkice 5 -and partly, becaufe
that, which I pretendedin mentioning of'it here

is, tothew, -that fince that almoft upen every

turning of the inftrument this way or that way,
whether it be in the town or open fields, * one
may difcover new objects, and fometimes new
landfcapes upon the paper, there' muft be all
day long in alt pares-of the air, where this phee-
nomenon:can be exhibited, either certain efflu-
via emitted évery way from the objeéts, or cer-
tain ‘motions - of infenfible corpufcles, which
rebounding firlt from the external obje&t, and
then from the paper, produce in the cye the
images of thefé objefts: fo that the air is every
where full of vifible fpecies, "which cannot be
intelligibly explicated without the local motions
of fome minute corpufcles, which, whilft the
air is enlightened, are always paffing thorough it.

You may remember, Pyrophilus, thatin the
claufe of the fecond propofition, hitherto dif-
courfed of, I take in the eftablifhed laws of the
univerfe, as a part of the prefent conflitution
of this our world ; fome of thofe laws contri-
buting much to the operation of thofe unheeded:
caufes, we are treating of.  Of thefe I may an-
othey time give you fome inftances; but for the
prefent it may fuffice to tyke netice of this one,
that if youtake a barof iron,and holding it pet-

pendicularly, apply the loweft part of it to the

northern point of a well-poifed magnetical

needle, the bar will prefently drive it away::
but that magnetifm, by which the bar does it,

as it is prefently acquired by the pofture which

it had, fo it is as fuddenly changed, if you in--
vert that pofture; as appears by this, that though
you hold the bar perpendicular, if it be held
under the needle, fo that the fame part of the
bar, which before was placed direétly over the
north point of ‘the needle, be held directly un-:
der the fame point, the bar will not, as before,
drive it away, but, as they commonly fpeak,

attract it.  But if this bar have been for 2 long
time kept in an erefted pofture, as if it be
taken from fome old window, or if, having been

heated and refrigerated, it have very long lain
north and fouth, it will appear endowed with
a ftronger and mere durable verticity, as we,
clfewhere more fully declare ;3 which feems to
proceed from this, that by lying north and {outh,

it lay in the way, which, according to the efta-:
blithed laws of nature, . the magnetical effluvia
of the earth muft pafs along-in- fteams from-
pole to pole; : whereby they have the opportu~
nity by little and lictle to work upon- the pores
of the iron;:that lies in their way, and fit them. .
to give paflage to the ¢fluvia of ‘magnetical bo-
dies ; in which fitnefs feems principally to con-
fift the magneti{fm of iron : whereas, if this:
metal had all this while lain eaft and weft, in-
ftead of north and fouth, it would have ac~
quired: little or no magnetical virtue.. And the;
reafon, why an erected pofture gives a rod or bar
of irona power to.drive away the: north point:
of the needle, has been probably conceived'ta
be this, that the lower end being nearer the.
earth does more plentifully participate of the
magnetick fteams, which fly in a clofer order:
there, than further off, and by powerfully af-
fecting that part of the iron, turnit, for a time,
into the iron’s north. pole, which according to
the. laws magnetical oughe : to'drive away the
north pole of the needle, and attractthe fouth
whereas, if the bar being inverted, that end,

which was uppermoft, becoming the lower,
muft for the fame reafon have acontrary opera-
tion, unlefs by having long ftood, its verticity
be too well fettled to be fuddenly deftroyed or
altered by the efuvia of fo languid a magpet.
asthe carth. . But.whether or no this explica-
tion jgg the right one (for I would not contend
for itSbeing {0) it appears, by the requifitenefs
both of a determinate pofition of the iron, and
of its long continuance in that pofitian, to make-
that metal acquire a durable verticity, -that
thofe unheeded magnetical fteams, which com-
municate fuch a magpetifinto the iron,. move
and act according to laws eftablifhed in. nature =
which is as much as my defign in this difcourfe
makes neceflary to be made out,

CH AP VIL

T remains now, that we difcourfe of the
A laft of our three grand propofitions, namely,
“ That a body by a mechanical change of
« texture may acquire or lofe a fitnefs to be

-« wrought upon by fuch unheeded agents,

3 ..« and
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« and alfo .to diverfify their operations on it
¢ upon the fcore of its varying texture,”
TH1s propofition is of fo much affinity with
the foregoing, that there are divers cafes,
wherein the fame experiments and other
arguments may ferve for the confirmation of
both. : .
BuT to illuftrate a little what I'mean, by
grofs and. fenfible examples, it is a cuftom we
often obferve at fea, when we fail with to flack a
wind, to take up water with certain inftruments,
and throw it againft the fails. At the fuft pro-
pofal, this may feems a very improper way to
- promote the fwiftnefs of the fhip, fince there
1s the weight of fo much water added to that
of the veflel itfelf 5 but yet I have feen the fea-
men make ufe of it as one of their beft expe-
dients, when we were clofely chafed by pirates,
nor did Ilook upon it as irtational ; for whereas,
when the fails ate dry, a good part of the wind,
that blows upen them, eafily gets thorough thofe
methes or greatpores, that are left between the
threads of which a fail confifts; when it comes
to be wetted, the imbibed water makes the
threads fwell every way, and confequently very
much ftreightens the pores or intervals, that
were formerly left between them ; by which
smearis the wind cannot permedte them as freely

as formerly, but by finding a greater refiftance

in the fail comes to beat more forcibly upon it,
and confequently drives it, and-with it-the
thip, more ftrongly on, than elfe it would
have done : not to mention the ftiffnefs of the
fail acquired by the imbibed fea-water, becaufe
1 would not ftay to take notice of other parti-
culars, to which the fuccefs of this practice may
perhaps be in part aferibed. 0 0 0 0 L

_To add another inftance to the fame purpofe
with the former; fuppofean high wind to blow
againft a chambeér, "wherein the windows and
doors are all fhut, the effect will be only, to
thake a little the room in general : butif one
open the cafcment, though he, that does it, do
properly and immediately -but difplace fome lit-
tle piece of the iron, or other thing, that fhuts
the windew, yet thisbeing donein a place, where
there is a ftrong. current of air, which we call
a wind, there will prefently follow a blowing
up of cureains or hangings, and blowing abeur
of duft, ftraws, feathers; erother light bodies,
that are not firmly enough faftened, nor very
penderous, and yet are toc heavy to be blown
about, ‘

Bur to procecdto inftances, that are not fo
grofs, I might take notice, that though' good
common tartar does ufually of it felf keep dry
in the air, nay, and will not eafily be diffolved
in cold water; yet if it be calcined, though
but very moderately, the falt in the remaining
coal, the texture being now altered, will readi-
ly enough in the moift air- (as that of a cellar)
run into that liquor, that chemifts have been
pleafed to call oil of tartar per diliquium.  But
in regard that to make the change the greater,
part of the tartar muft be driven away by the
fire, 1 fhall rather make ufe of an example ea-
ﬁxl)" drawn from an experiment, I elfewhere
mentioned: to another purpofc ; for having
taken a loadftone, and according to the way

QUALITIE

“texture if it be difordered.
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there delivered, heated itand cooled it, though
it had loft fo little by the fire, that the eye
took no notice of its being changed either as to
thape or bulk, yet the operation of the fire,
by changing the invifible texture, did fodi-
verlly alter the difpofition of itin reference to
the magnetical effluvia of the earth, that I
could prefently and at pleafure cliange and re~
alter the poles of the ftone, making the fame

end point fornetimes to thé north and fome- .

times to the fouth. The like change of vei-
ticity I have, as I elfewhere declare, made
there iroh capable of, without the lielp of fite

of any other magnet than the earth; and I have

alfo found by trial, that a certain heavy ftone;
that is ufually thought to be not f6 mueh as of
a metalline nature, may by a flight and quick
preparation, that alters not the fhape nor big-
nefs, beenabled to attract and repel the poles
of a magnetic needle.

'CH A P. VIIL

O the inftances already given in folid bo-
dies it will not be amifs to annex two or
three in liquid bodies, becaufe it may be thought

ftrange by fome, that confiderable changes of
texture fhould, - without fire or any new ingre-
dients, be produced in bodies, which, by reafon

of their fluidity, feem prefently to recover their
If honey and wa-
ter be each of them apart put into a conve-
nient veflel, they will both of them retain
their nature ;. and though you mix them toge-
ther in an undue proportion, fo that by reafon
of .overmuch honey the confiftence be too thick,

“orthat by being ‘diluted by too great a pro-

portion of water, the folution of honey be too
thin, they may continue honey and water :. but

_if thefe two liquoers be duely proportioned (as
if you put to one part of honey fouror five of

water) then their new texture fo difpofes them
to be acted onby the fubtle permieating matter,

or whatever other common agent nature im-

ploys to produce fermentations, that the ingre-
dients do: no longer continue what they were,
but begin to work like new mufty or beer-
wort : and I have tried; that {o fmall and thort
a local motion (ascarrying fuch mixturesa while
in a coach) has fo-excited the liquor, as to make
it violently force: its way out of the veffel, or
throw off the ftopple, that I have wondered at

_it.  And I remember, that an eminent mer-

chant of wines; who' fpent divers years in the
Canaries, being afked by me about fome things
of this nature, affared me, that in thofe fortu-
nate iflands (as the ancients ftyle them) he had
feveral times obferved, that if a pipe of the
beft fort of Canary wére, when it was about3
month old, rudely rolled, though-but the length
of an hall or moderate gallery, fo tranfient and
flight a difcompofure of the texture would
quickly make fo great a change in it, that of-
tentimes a good quantity of wine would be vio-
lently thrown out at the bung s or if the pipe
were too clofe ftopped, that great veffel it felf
would oftentimes have the bottom beaten out 3
by which means he had known {everal pipes of

that rich liquor loft.
WE
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W have divers examples of the cracking of
comimon glafs, when it istoo foon, after it hath
been removed from the fire, expofed to the cold
air,” and the fubtle bodies that are in ity which
would not have cracked it, if it had been cooled
more {lowly, fo that its parts would have had
Jeifure to fettle into a texture convenient for the
paffage of thofe fubtle bodies, - which in that
cafe would harmlefly have permeatedit. But
I have fometimes thewn the curious a more
quick and manifeft inftance of the importance
of the prefent texture of a body in, reference
to the catholick and invifible caufes, that may
work upon it.  For having taken a plate of fo
ponderous- and folid a body as copper, and
heated it red hot, and then fuffered it to cool 2
while upon fome more moderately hot place in
the fire, though it did not appear at all ignited,
when I removed it to a plate, or even to a fheet
of paper; yet upon its being expofed to the
atmofphere, the fuperficial part would not only

“crack as in over hattily cooled glafs, but would,

and that prefently, fiy off in flakes in good
number, and not without noife ; fo that in a

thort time I have had the neighbouring part of

the paper, on which the bras plate refted, al-
moft quite covered with little {cales, as it were,
of that metal. .
AN D togive you, in favour of what I have been
hitherto difcourfing, an inftance of a very fubtle
nature, I will not, though I juftly might,  take
notice, that in rotten fith and rotten wood, the
change of texture is oftentimes invifible, that
will {uffice to make the contact of the air, and
the fubtle corpufcles, whereto it gives har-
bour or paffage, confer or lofe a power. of
thining: but I will rather chufe to inftance in
the Bolonian ftone, which by calcination ac-
quires this admired property, .that if it be but
expefed to the fun beams (to which 1 have
found other ftfong lights fuccedaneous) it will
not only in a few minutes acquire a luminouf-

nefs, but for fome time after retain it in the
dark.: o

COSMICAL SUSPICIONS

(SUBJOINED AS g N

N D I X

To the DISCOU'RSE’/o»f'

- @ pofed to you fome things about the fub-
; jet there treated of, that feemed to have
in them fuch a degree of probability, as is wont
to be thought fufficient to phyfical difcourfes,
or at leaft is ufually to be met with in them.
But in regard the world, whether we take it
in the larger fenfe for the whole univerfe, or,
in the more narrow but not les common ac-

I N the  former effay, Pjréfbilz}s, I pro-

“ception, for the globe we men inhabit, is a

fubject {fo vaft, that not only all demonftrable
truths, that may be difcovered concerning it,
may be looked upon as important, but even
conjectures and fufpitions themfelves, that re-
late to it in general, if they be not very ground-
fefs or extravagant, may deferve not to be al-
together paffed by in filence. I will adven-
ture to entertain you a while with fome
thoughts of this nature, efpecially becaufe they
will give me opportunity to alledge in their
favour fome hiftorical obfervations, which,
whatever the doubts or conje€tures be thought
of, may appear to be more new then defpi-
cable, '

IT may now therefore be not unfeafonable

“ to confefs to you, that I have had fome faint

ﬁ’fPICIOH, that befides thofe more numerous

3
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- an uniforth forts of minute particles, that are

by fome of the new philofophers thought to
compofe the ther I lately difcourfed of ; there
may poffibly be fome other kind of corpufcles
fitted to have confiderable operations, when
they find congruous bodies to be wrought on
by them. But though it is poffible, and pes-
haps probable, that the effeits we are confi-
dering, may be plaufibly explicated by the z=-

~ther, as it 1s already underftood; yet I fome-

what fufpeét, that thofe effetts may not be due
folely to. the caufes ‘they are afcribed to, but
that there may be, as I was beginning to" fay,
peculiar forts of corpufcles, that have yet ne -
diftinct name, which may difcover peculiar . fa-
culties, and ways of working, when they meet
with bodies of fuch a texture, as difpofes them
to admit, or to concur with the efficacy of
thefe unknown agents. ' -
THrs fufpicion of mine will feem the lefs
improbable, if you confider, that though in
the xther of the ancients there was nothing
taken notice of but a diffuled and very fubtle
fubftance ; yet we are at prefent content to al- .
low, that there is always in the air a fwarm of
fteams moving in a determinate courfe berwixt
the north pole and the fouth: which fubftance

we
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we fhould not probably have .dreamed of, if
our inquifitive Gilbers had not happily found
out the magpetifm of the terreftrial globe.
And few, perhaps, would have -imagined, that
when an hunted and wounded deer has haftily
paffed over a little grafs, he thould leave upon
it fuch determinate, though invifible, efflu-
viums, asdhould, for many hours, fo impreg-
nate the air, as to betray the individual flying
and unfeen deer ; if there were no blood-hounds,
upon whofe peculiarly difpofed organs of {mel-
ling thefe fteams are fit to operate. And it
is ftrange, that there thould be fuch effuvia for
a long time (perhaps a year or two together)
refiding in the air, that though our fenfes dif-
cern them not, and though they have no ope-
‘ration upon other men ; yet if they meet with
perfons of a peculiar temperament, who by
that, and by their formerly having had the
plague, have attained a peculiar difpofition,
that fits them to be wrought on by peftilen-
tial fteams, they may fo operate upon them,
that fome of thefe perfons may be able to difs
cern thofe fteams to be peftilential. To give
fome -countenance to which paradox, T will
here annex two .or three teftimonies, the firt
of which I find thus fetdown among my Ad-
verfaria. [Above three months before the
late great plague began in London, in the year
1665, there came to Dr. M. apatient of his,
to-defire his advice for her hufband ; and the
doctor having enquired what ailed him, fhe
anfwered, that his chief diftemperwasa fwelling
in his groin, and wpon that occafion added, that
her hutband affured her of his being confident,
that the next fummer the plague would be very
tife in London s for ‘which prediGion he gave
this reafon, that in the laft great plague he fell
fick of that difeafe; and he then had a peftilen-
tial tumour. - SR

So in two other plagues, that fince happened,
though much inferior to that great one, each
of them had a rifing in his body to be its
forerunner, and now having a great tumour in
the forementioned place, he doubted not bur
it would' be followed by a raging peftilence,
which accordingly * enfued. Having heard
much talk of fomething of this nature, and be-
ing this morning cafually vifited by the doc-
tor, a perfon of great veracity, I enquired of

him, how much of it was true, and I received

for anfwer the foregoing narrative,]

Tue fecond is a very remarkable ftory,
which I'remember that famous and excellent
chirurgeon Fabricius Hildanus recotds of him-
felf; namely, that having had a peftilential tu-
mourduring a plague, that happenedin his youth,
if for many years after he chanced to go to, or

~fo much. as to pafs by, an houfe infefted with
the plague, he was admonithed of the particu-
lar difeafe, that reigned there, bya fenfible pain
in that part, where he had had a peftilential ty-
mour {0 long before.

Tue third teftimony is afforded me by
that curious obferverof the changes, that hap-
pened as to the phenomena of difeafes at the
tamous fiege of Breda, where this diligent
phyfician, pra&ifing much among patients af-
tlicted with malignant and peftilential difeafes,

Vor. 1L ;

was at length infefted himfelf; whereupon he
informs his readers ; Lunotandum hicmerito ra-
lure facultatem ad peffis prefirvationem wmo-
menti effe maximi. Qbfervavi in meipfo comra-
minatos invifente fatim inguon dolore vel axillas :
afficicbatnr aliguando caput, nofuinde fudor, &
Jeceffus tres quatuarve. Foc €3 aliis .accidit,
qui fideliter mibi retulerunt. _ .

Ir thefe ftories were related by erdinary per-
fons of what happened #to ather.men, the.odd-
nefs of them might well tempt a wary manito
fufpend his judgment.: but the judicioufhefs .of
the writers, and the profeflion .they were .of,
and their relating thefe as:things, that did :more
than a few times :happen 4o themfelves, may
well be permitted to ‘bring creditto their affer-
tions. And thefesinftances added to what thas
been already faid, may, I hepe, excufe me, ifd
think it ot time mifpent, to confider, whe-
ther there :may not be ather, and even uncb-
ferved forts of .efuvia in the air: to excite
your curiofity .and attention ahout which, ra-
ther than to declare a pofitive opinion, is that
which is pretended to in what has been Jately
mentioned.

Anp whereas, Pyrophilus, [ have in the for-
mer difcourfe taken in the ftrutture and efta-
blithed laws of the univerfe, as an help toward
the giving an account of the cofmical attributes
of things ; I{hall herealfo ingenioufly confefs
to you, that I'much fear, whether we have yer
attentively enough taken ‘notice either «of the
number, or the kinds of thofe laws,

For as I.am by {fome notions and obfeva-
tions inclimed to think, that there may be a
greater number even of the more gene-
ral laws, than have been yet diftinltly enu-
merated; fo I think, that when we fpeak of ithe
eftablifhed laws @f naturein the popular fenfe
of that phrafe, they may be juftly and commo-
oully enough diftingmthed ; fome of them
being general rules, that have a wery grear
reach, and are of greater affinity to laws more
properly fo called, and others feeming not 4b
:much to be general rules arlaws, as the cuftoms
of nature in this, ar that particular part of the
-world ; of which there may be a greater num-

*ber, and thofe may have a greater influence an

‘many phenomena of nature, than we are wont
to imagine. '

AnpD firft, whereas the ftructure of the world
is a main help in our prefent difquifition; I
fhall venture to tell you, that though I do not
only commend, but in divers cafes admire, the
induftry of aftronomers and geopraphers, efpe-
cially of fome later ones; yetithéy have not.met
with fuch difficulties, that they have hitherto
prefented us, rather 2 mathematical hyporhefis
of the univerfe, than a phyfical, having been
careful to fhewus the magnitudes, firuations,
and'motions of the great globes, fuch asthe
fixed ftars and the planets (under which one

- may comprife the earth) witheut being follici-
-tous to declare what fimpler bodies, and what
“compounded ones, the terreftrial globe we in-

habit does, or may confift of. And as of late
years the difcovery of the.four planets about
Jupiter, and the little moon (as fome call it)
that moves about Saturn, together with the

Aa PR phzno-
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phenomena of comets, have obliged the fkil-
ful to alter divers things in-the theory of cele-
ftial bodies : fo I know not, but that future dif-
coveries by improved telefcopes and other phi-
lofophical inftruments may reduce us to make
changes in the grand fyftem of the univerfe
itfelf, and in that which we confider as the
moft important of the mundane bodics to us,
the terraqueous globe we live on,

- WHAT communication this may have with
the other globes we call ftars, and with the

‘interftellar parts of heaven, we have very little

knowledge of, though I may elfewhere make
it probable, that there may be fome commerce
or other: but without fpeaking more particu-
larly of that point, I confefs I have fome time
fufpected, that there may be in the terreftrial
globe itfelf, and the ambient atmofphere, di-
vers, whether laws or cuftoms of nature, that
belong to this orb, and may be denominated
from it, ‘and feemed to have been either un-
known to, or overfeen by both {cholaftical and
‘mathematical writers. And firflt, I have often
fufpected, whether there may nbt be in the
mafs of the earth fome great, though flow
internal change "(whether originated there, or
produced by the help of other mundane globes)
by confidering, that almoft in all countries,

:where obfervations have been made, there has

‘been-a plain and confiderable alteration found
Ain that, which is commonly called the variation
(for it is rather the declination) of the fea
compafs or magnetick needle, which is the
diftance, by which the needle declines eaft or
weft from the true north pole. And whereas
formerly, at or * near London the compafs de-
clined, as obfervations folemnly made, and

-upon record aflure us, in the year 1580, above
‘11 degrecs s In the year 1612, above 6 de-
-grees 3 in the year 1633, no lefs than about 4
.degrees; it has of late been found to have very
dittle ‘or no. variation. . And at'a place within
alf a league of London, trying with along and

curious needle purpofely made and poifed, I

~could fearce difcern any declination at all, and
.f the needle declined fenfibly any way from
-the pole, it feemed to do fo a little towards the

quire of him, whether he had taken’ the vart-
ation of the compafs at the Cape ¢f Good Hopes
and whether, if at all, he had taken it more
than once : he anfwered, that he had often
done it: whereupon afking him what he
found the variation to be, and whether he
had obferved any change of it in his feveral
voyages, he replied, that when he was a
young feaman, he obferved the variation to
be about two degrees weftward, and after-
wards during many years that he failed to and

fro betwixt Eaf-India and Europe, he found

the variation to encreafe by degrees; and
whereas he had learned from ancient writings,
and the tradition of old feamen, that before
his time, they had found no variation at all,
he about 15 years ago (which was the laft time.
he took it) found it by accurate infiruments, to
be 6 degrees and about 48 minutes. So that du-
ring thetime, that he practifed the feas about the
Cape of Good Hope, the variation ftill weft«
ward had decreafed near 5 degrees. Upon
thefe grounds, which I may elfewhere have
occafion to confirm by further obfervations, I
cannot but think it probable, that there may

“be agents, that we know not of, that have a

power to give the internal parts of the terre-
ftrial globe itfelf a motion ; of which we can-
not yet certainly tell, according to what laws it
is regulated, or fo much as whether it be con-
ftantly regulated by certain laws or no. And
what other changes, agents that can produce a
change in the terreftrial globe itfelf may make
in this, or that part of it, who can inform us?
In the next place, I confider the great un- -

certainty and irregularity, that we have hitherto
obferved in the weight of the atmofphere by
our new flatical barometers, and much more
{enfibly by mercurial ones, without yet having
difcovered the caufes of fuch confiderable alte-
rations in the air,” (fave that in general they
proceed for the moft part from fubterraneal
freams) - whofe influences upon other things
may be more confiderable, than.we have yet

‘had opportunity to deteét.

It is very remarkable what a late and inge-

nious writer, that lived in fome of the American Monﬁ’“’,
-flands, relates about the hurricanes in thofe dch ‘
‘parts 3 namely, that before the Europeans camie *°

.other fide of heaven, than that towards which®
it did decline before. And having 1+ after-

wards by the help of a meridian line, much

~prized for having been accurately drawn by

eminent artificers, made an obfervation in
London itfelf 5 though I made it with two in-

- ftruments, whereof one was a choice one, dif-
- fering from the former, and from one another;
- I could not fatisfy myfelf, that I could difcern

the declination of the needle to exceed half a

- degree, if it amounted to fo much.: But fince

obfervations of this kind may prove more con-

fiderable than we yet know of, and fince they

ought to be made at diftant places, I am con-

+tented to add here, by way of confirmation,
-that the Cape of Good Hope being one of the

- eminenteft parts of the terreftrial globe in re-

ference to magnetifins, the acquaintance I had
with one of the ancienteft and moft experi-

_enced pavigators of. this part of Europe, invited
- Me 10 addrefs myfelf

o him, purpofely to en-

At L; mebonfe,

“not have been, either accidental for a
- two, or apparently to the Englith, whofe bo-

thither, the inhabitants obferved, that they had

thofe fatal tempefts once in feven years and
no oftener ; afterwards, they were troubled with

them but once in {ix years 5 and in procefs of
‘time, the unwelcome vifits of thofe winds
-grew.{o frequent, that in my relator’s time they

came once a year; and, as a prodigy, they
once obferved two inone year; and afterwards

‘three in another.. I remember alfo, that meet-

ing with an inquifitive gentleman, that had

lived in° New- England, 1 defired to know of
“bim; whether in that part of the country, where

he refided, there were not a great change made
in the very temperature of the climate? where-

“to he arifwered me, that there was, for it was

grown much milder than formerly: and be-
caufe I doubted, whether this change might

year or

dies
+ A D. 1663.
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dies by degtees might grow more accuftomed
to the coldnefs of the country, and lefs fenfi-
ble of it; it was anfwered, that this change
had been obferved for many years after the
Englifh had planted a colony there, and that
the change was manifeftly perceived by the
natives too, by the remifier operation of the cold
upon running and ftanding waters, which were
formerly wont to be frozen at fuch and fuch times.
And I fhall add for confirmation, that having
one day the honour to be ftanding by his ma-
jefty, when he received a folemn addrefs from
New-England, delivered by the governor of a
colony there ; that very inquifitive monarch,
~amongft other queftions, afking him about the
temperature of the air, he told his majefty;
in the prefence of divers that came from -
‘merica with him, < that the climate had much
« gltered and loft much of its former coldnefs
< for divers years; fince the Englifh fettled
¢ there,” : : .

WHETHER this decrement of the fharpnefs
of the air will proceed, or how long it will con-
tinue, time will difcover. But in the mean
while, fuppofing with him the matter of fact
to be true, and that the change depends not on
any manifeft caufe; that, which is happened
already, feems to me. very confiderable, fince
1 have lighted on a book * written by + one of
the ancient planters 6f New-England, by way
of defcription of that country ; where, among
other things, I find thofe notable paffages. The
one in the feventh page: in former times, fays
‘he, the. rain came feldom, but very violently,
continuing its drops, which were great and
‘many, fometimes 24 hours togethers, fome-
‘times 48, which watered the ground for a long
time after: but of late the feafons are much al-
‘tered, the rain coming oftner, but more mo-
derately, with lefs thunder and lightnings, and
fudden gufts of wind. And the other in the
84th pages where {peaking of the heathen
natives, he fays, they acknowledge the power

- of the Englithman’s God, as they call him, be-
caufe they could never yet have power by their
conjurations to damnify the Englifh either in
body or goods: and befides they fay, he isa
good God, that fends them fo many good
“things, fo much good corn, fo many good
cattle, temperate rains, fair feafons, which they
likewife are the better for fince the arrival of
the Englifh ; the times and feafons being much
altered in feven or eight years, free from light-

- hing and thu
~ tempeftuous

- cold winds. .
So that by this it appears, that this grateful
- decrement of the coldnefs and rudenefs of that

 climate was already taken notice of fo || many
* years ago.

To thefe relations may pertinently . be {ub-
v ge of the learned Magnenus 1n

joined a paffa

dafhes of rain, and lamentable

* Intitled, Neav-England's profpect.

1 San&iorum naturx interpretum na

1llud omnino, quo Altomatus fefe jattare videtur, igndravéré curiofiflir
' diligentidque celebres:
o feculis legi ceeptum, Dicamabo, Alromate, Cur ante trecentos annos multum
idem urbelque vicinz, nequc vero fefelliffet curiofam incc larum folertiam
us difficultatis evitandas anguftias.

Liv. 1. Chap. 6. 2

" & qui mediam ztatem implew‘leruntviridd&rinﬁ
Jabria manna, quod a duobus tantummod
fmanna fuit in Cenotrid : jam certe aderant-pagi ib
nihil plane video, quod pra te adduci poflit ad huj

*x Hifloire Naturelle des lles Antilles.

nder, long droughts, fuddenand -

+ Mr, W. Wood. d th
Hus fraxinum inter arbores gummiferas, aut refiniferas recenfuit.

SUSPICIONS:

his ingenious little tract de Mannd 15 “where
he very folemnly delivers this notable obferva-
tion; that in the country he calls Cenotria,
there was no manna to be found a little above
three hundred years ago. And thatin Cale-
bria it felf, 4 province fo famous for manna,
that the beft is denominated thence, and that
furnithes a great partof Ewrope with that odd
drug, it is but fince two ages, or thereabouts,
that manna has fallen, or, as lie exprefies it,
rained. . L _ )
I know not . whether it may be worth while
to mention; after thiefe more weighty obferva-
tions, the ceconomical traditionsof houfe-wives 3
which I fhould not think worth taking notice of
in this place, but that having purpofely enquired
after the truth of it, of two very {ober perfons
. (much verfed in the art of making {weatmeats)
that have, efpecially one of them, often tried
it ; they ferioufly affirmed t0 me, that they
find the fpots made in linnen by the juices of
fruit; particularly of red currants in ftraining
bags, will beft wath out- (nay fcarce otherwife)
at that time. of the year, when thofe fruits are

ripe the enfuing year. e
To which may be for affinity’s fake annexed,
what is related by the ingenious French writer
of the hiftory Des Ifles Antilles**, where he
lived divers years ; who fpeaking of the fruit
they there call Acajou, tells us, that the juice
of fome of the internal parts of it; though re-
puted an exccllent remedy in fainting fits, is of

fuch a nature; that if it chance to fall upon a

piece of linnen, it turns to a red fpot 3 which
lafts till the tree come to be again in flower.
“Which phznomena, if the lengthof time, and
+the heat and temperature of the air, ufual in the
feafons of producing bloflfoms; and ripening
“of fruits, be found to have little or no intereft
in their caufation, may prove. of fome ufe in
our prefent enquiry. , -
* WaaTevER bethe true caufe of the ebbing
-and flowing of the fea, yet at {pring tides the
motions of fuch vaft mafles of matter as the
great ocean, and moft of tpe- {eas, are {o con-
{tantly coincident with the new and full moon;
and the more ftupendous {pring-tides have been
in moft places, fo long obferwed to happen re~
gularly enough about the equinoxes, that it is
worth an enquiry, (theugh I cannot here afford
it one) - whether thefe confpicuous phenomena
may not fomewhat confirm the conjectures we
are difcourfing of. ,
AnD whenI remember, how many quefticns
I have afked navigators about the luminoufnefs
of the fea; and how in fome places the fea is
- wont to fhine in the night as far as the eye can
“reach ; at other times and places, only when the
“waves dafh againft the veffel, or the oars ftrike
“and cleave the water ; how fome feas fhine ofteny
and others have not been obftrved to fhine 3

how in fome places the fea has been taken no-
: : tice

|| "The book was publifhed thirty-five years fince.

ni rerum indagatoresy Plinius, Galenus, Theaphraftus,
quia feilicet illis tempor.bus multum pluebat in Ca-

Magnenus de Manna, P. M. 49
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tice of, to fhine when fuch and fuch winds

blow, whereas in other feas, the obfervation
holds not 3 and in the fame tract of fea, within
a narfow compafs, one part of the water will
pe luminous, whilflt the other thines not at all ;
when I fay, I remember how many of thefe
odd phxnomena belonging to thofe great
maffes of liquor I have been told ‘of by very
credible eye-witneffes (whofe narratives to me
you may elfewhere meet with) I am tempted
to fufpect, that fome cofmical law or cuftom
of the terreftrial globe, or, at leaft, of the
planetary vortex, may have a confiderable

- agency in the production of thefe effe@s.

Nowr am I fure, that fome f{ubterraneal
changes, or fome yet unobferved commerce
between the earth and other mundane globes,
has not an intereft in the origin, continuance,
and expiring of thofe difeafes, that phyficians
call new, which invade whole countries (and
fometimes greater portions of the earth) and
laft very many years, if not fome ages, before
they come to be extinét. Of which forts
of difeafes divers learned men have reckoned
up divers, and whereof the venereal pox, at
leaft, as to its origine and fpreading, is but
too manifeft and unhappy an inftance ; where-
to, according to fome eminent doctors, we may
add the rickets, a difeafe, which though fcarce
known 1n other countries, is here in England
fo fatal to children, which firft (as is affirmed)
difcovered itfelf among us within the memo-
ries of multitudes of men yet alive: but of
this perhaps more elfewhere. :

Ir I fhould now further defcend to the pe-
culiar pheenomena of particular regions, I muft
launch out into a difcourfe I could not have the
leifure to finifh. And therefore I fhall only
advertife you of two fufpicions more, that I
hold not unfit to intimate to you, about the
eftablithed laws and cuftoms of nature.

Tue firlt of them is this, that-I doubt
thofe, that are thought the grand rules where-
by things corporeal are tranfacted, and which
fuppofe the conftancy of the prefent fabrick of
the world, and courfe of things, are not altoge-
ther {o uniform complied with, as we are wont
to prefume ; at leaft, as to the lines, according

‘to which the great mundane bodies move, and

the boundaries of their motions. For what

reafon the wife author of nature pleafed to per-

mit, that it fhould be fometimes, as it were,
over-ruled by the boifteroufnefs (if I may fo

call 1t) and exorbitant motions of unruly

portions of matter, I muft not in this place
(though I do it in another) inquire: but when
I confider the nature of brute matter, and the

vaftnefs of the bodies, that make up the world,

the ftrange variety of thofe bodies, which the
earth does comprize, and others of them may
not abfurdly be prefumed to contain ; and when
T likewife confider the fluidity of that vaft in-
terftellar part of the world, wherein thefe
globes fwim ; I cannot but fufpec there may
be lefs of accuratenefs, and of conftant regu-
larity, than we have been taught to believe,
in the fruture of the univerfe, and a greater
obnoxioufhefs to deviations, than the fchools,
who Were taught by their mafter Arifotle to
1

be great admirers of the imaginary perfeétions
of the ceeleftial bodies, have allowed their dif-
ciples to think. And in effect, to fpeak only
of the nobleft of them, the fun, and to pals
by about his, motions the obfervation of the
exacteft aftronomers, that natural days are not
all of equal length (whatever the wulgar of
philofophers fuppofe to the contrary ;) and
not to take notice of the great difpute betwixt
the eminenteft aftronomers, even of our times,
about the anomaly attributed to the motion of
the fun’s apogeum : to pafs ower thefe things,
I fay, the fun himfelf doth not only, from time
to time, do what divers of our later aftrono-
mers ftile to vomit our great quantities of
opacous matter, (which are called his fpots)
fome of them bigger, perhaps, than Eunope
or Afia, but has had almoft his whole face fo
darkened with them, (as about the end of
Cefar’s, and the beginning of Augufus’s go-
vernment) that for about a year together, he
was, as it were, under an eclipfe. T which,
if we add thofe cegleftial comets, (for 1 difjpure
not now about fublunary ones) their number,
vaftnefs, duration, odd motions from orb to
orb, (as the ancients would have fpoken) and
other phxnomena, (whatever the caufes of
them be) it will appear, that even in the coe-
leftial part of the world, all is not fo regular
and unvariable, as' men have been made to
believe. '

I had fome doubts, whether this might nof

‘be much confirmed by what has been related

by fome navigators, that have been in the fouth-
fea, about certain black clouds, faid to move
as regularly in the antartick hemifphere, as
the neighbouring ftars themfelvess to which
fome of our Englifh feamen (whether firft or
no, I know not) have added, certajn white
clouds in the fame hemifphere move no lefs re-

gularly. Of thefe relations, I fay, I confidered,
swhether fome ufe might not be made to my
sprefent purpofe ; but having made the beft in-

quiry I could, of thofe few perfons of note I
could meet with, that were likely to inform
me, I do not yet fee caufe to alledge thefe phae-
nomena by way of arguments. But yet fince I
find, thateven pilots, who have been frequently
in fome parts of the Eaft-Indies, have not (whe-
ther becaufe they failed not far enough to the
fouthern pole, or upon fome other foore) taken
notice of them; I fhall fubjoin as a part of
natural hiftory, not obvious to be met with,
the beft .account I could procure of them
which was from an obferving captain of an Faft-
India fhip, with which he lately adventured
to unfrequented parts of the fouth-fea.

Tre fubftance of his anfwers to me, about
the fore-mentioned phanomena, was this, that
he had divers times feen in the fouthern hemi-

dphere, and in that part of the milky way,

which is not to be feen upon our horizon (for
he fays, the galaxy is either compleatly, or al-
moft a circle) two or three places, that look like
clouds, and move -about the earth regularly
with the white part of the circle in 24 hours.
Butby what he replied to fome further queftions,
that I afked him, I gathered, that if thefe be
the black clouds, that navigators have fPOkeF
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of, thofe, that gave them the name of clouds,
were probably much miftaken ; fince, he an-
fwered me, that thefe are not black, but of a
deep blue 3 which makes me fufpeét them to
be but perforations, if I may fo {peak of .the
milky way, by which I mean parts of the azure-
fky, that-are fuffered to be {een by the difcop-
tinuations of the parts of the galaxy. And to
this account of -the dark clouds; his further
anf{wers gave me this of the white ones ; which,
he fays, fome call the Magellanick clouds,
about which he related:

.Tuat he had divers times feen towards
the fouth-pale, theclouds, that fome few navi-
gators mention ta be there, and to move about
the pole in 24 hours,

THaT hebegan to difcover them plainly,
when he was in about 18 degrees, (as I re-
member) of -fouth latitude.

Tw a T they were white, in number three
(though two.of them be not very diftant from
each other)- the greateft being far from the
fouth pole ; the other not many degrees remo-
ter than that ftar, which of the * confpicpous
ones, they reckon to be nearcft to the pole,
though it be . about. eleven degrees diftant
from it. ’ ‘ ' v ‘
- Bu T from this account of his I dare not,
as I was intimating, conclude thefe to be fuch
clouds as they are taken for, becaufe, for ought
1 know, if they were loocked on through g
good telefcope, they would be found conftella-
tiops of fmall and fngly inconfpicuoys ftars,
{ike thofe of the galaxy, the belt of Orion, &c.
But to be refolved about thefe matters, it is
not amifs to expect further obfervations ; the
propofed conjeltures being made but upon g
tuppofition .of the truth and fufficiency of
&he relations. S

A~ p thus much for the firft of the two
fufpicions, that I above intimated, I would pro-
pole to you : the other is very different from
it, and might feem contradittory to it, but
that they belong not to the fame cafes. For
though I lately told you, I fufpected, that in
fome things, efpecially relating to the lines, ac-
cording to which, and the limits within which
fome great maffes of matter are fuppofed to
perform their motions, there is more accurate-
nefs fancied than there really is; yet I fhall
now add, that there are cafes, wherein I am
not quite out of doubt, but that we may {fome-
times take fuch things for deviations and exor-
bitancies from the fettled courfe of nature, as,
if long and attentively enou%h obferved, may
be found to be but periodica ]
have very long intervals between them. But
becaufe men have not {kill and euriefity €nough
to obferve them, nor longzvity enough to be
able to take notice of a competent pumber of
them, they readily conclude them to, be but
accidental extravagancies, that {pring not from
any fettled and durable caufes.  For the world,
like a great animal producing fome effects but
at determinate feafons, as nature produces not

- beards in men, till they have attained fuch an
age, and the menfes (as they call them,) ufe

Vour. III.

phepomena, that

not to happen to women before they come to
{ueh years, nor to laft beyond fuch other years
of their life; as may be alfo obferved within
a far fHorter compafs of time in the growth
and falling of Tftags horns and bucks: if the
firft man had lived but one year in the world,
he would perhaps have thought the bloffoming
of trees In fpring, and their bearing fruit in
fummer, but an accidental thing, and would
have looked upon the eclipfe of the fun; as3
prodigy of nature ; obferving, that though
every new moon; the fun and the came very
near together, yet neither before nor after was
there any fuch terrible ph&nomena confequeng
thereuppn.  And we ourfelves may eafily re-
member, what ftrange canjectures ‘we had of
the ftrangely varying appearances of Saturn; for
divers years after our telefcopes firft difcovered
them to us. -
Bur moft remarkable is that ceeleftial phae-
nomenon afforded us by the emerging, difap-
pearing, and re-appearing flars of this age;
which have heen obferved in the girdle of An-
dromeda, and in or about the fwan’s breaft ;
(which is faid to have been feen in the year
1600, and to have vanifhed in 1621.) and ef-
pecially that, which having about 2 5 years ago
appeared for awhile in the whale’s neck among
the fixed ones, and afterwards by degrees dif-
appeared, was looked upon by thofe aftrono-
mers of that time, who did not out-live it, as
a cosleftial comet, * But afterwards an ingeni-
gus- Englith gentleman of my acquaintance
having obferved here (as well as the vigilant
curiofity of fome few later aftronomers hath
raken notice of elfewhere ) the return of the
like phenomenon in the fame part of heavens
it begat much wonder in all (which was en-
creafed by the flow difappearing of it) and in

{ome curious men a refolution to have a watch-

ful eye upon that part of the {ky. Since when
the juftly famous Bullialdus, and befides fome
eminent foreign virtuofi (whofe names I know
not) divers excellent perfons of our own na-
tion having taken notice of it in the wonted
place, (where I had fometimes the fatisfaction
of feeing it; ) thefe obfervations, and efpe-
cially the laft difappearance of a ftar judged to
have been placed among the fixed ones, and

eftimated to be of the fourth (if not the third)

magpitude, have fomewhat confirmed me in
the fufpicion I am now treating of. For if this

" and the other new ftars do continue to return

periodically to the fame part of heaven, where
they have been already long ago feen ; as at
leaft for as much as concerns this, its gradual
increafing after itirft begins to thew it felf, and
decrealing afterwards, {feem to promife ; then I
may with fomewhat more of probability than
before, fufpett, that there may be vortices be-
yond the eoncave furface of what we call the
firmament ; which fufpicion, if true, would
much disfavour the hypothefis we now have
about the fyftem of the world, and will favour
what I conje@ured as poffible about periodical
phenomena.  And howevers if either the
new ftar, without departing from its place, be

Bb only

* "I'his wary expreflion keeps my relator from being contradicted by a curious modemn aftronomer, who tells of & ftar
not three degrees diftant from the fouthern pole ; but then he fays too, that it is a ftar of but the fifth magnitude.
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only fometimes by degrees overfpread and hid
by fpots,like thofe Iformerly mentioned to have
obfcured the fun,which are afterwards by degrees
diffipated, as I at firft fufpected ; or if it have

2 dark hemifphere as well as a light one, (or ra-

ther a greater part of its globe obfcure than
luminous, as Bullialdus ingenioufly conjectures)
and by turning flowly about its own center
and axis, doth fometimes obvert to our eyes
its luminous part, and fometimes its dark part
(as Jupiter is faid to do its belt-like fpots,
whence it muft gradually both appear and dif~
appear ; according to_either of -thefe two hy-
pothefes, (though not fo much as in that which
preceded them,) there will be reafon to quef-
tion the great uniformity imagined to be in
the cceleftial bodies and motions 3 and to_fa-
your what has been propofed about periodical
mutations in the mundane globes ; efpecially
fince thefe phenomena argue, that-even thofe
ftars we call fixed, and have looked upon as
fo invariable, are fubject to mutations great
enough to be taken notice of by our naked
eyes at fo immenfe a diftance. I thall not here
profecute this difcourfe, becaufe I would not
anticipate what I forefee I fhall have occafion
to fay about the terrefirial efluvia with their
caufes and effe@s in another difcourfe *, but I
think myfelf obliged to mind you in this place,
that doubts and f{ufpicions are the only things
promifed by the title of this difcourfe; and
therefore I fhall not quartel with you, if you
:conjecture, that though the laft propofed fuf-
‘picion may prove well grounded in fome cafes,
yet.in. fome others, the exorbitancies of the
matter may, if they chance to be repeated,
occafion a new cuftom, that may have the force
of alaw in this, or that part of the mundan
globes ; particularly in this terreftrial. one we
inhabit : As waters, by their frequent overflow-

ings of the banks, that cannot contain them,
do fometimes make themfelves new paffages
by their own deviations, and as it were, affec
to run in the chanel they once made.
And as it happens alfo in animals, that
noxious humours having once found a vent at
an iflue or an ulcer, do conftantly take their
courfe that way. Which brings into my mind
this odd obfervation, that having occafion to
pafs fome years ago out of England into Ire~
land, traverfing the maritime county of #a-
terford, the convoy, that went with me, thew-~
ed me once in my way, at a pretty ‘diftance
off, a mountain, from whofe higher parts there
ran precipitoufly a river (which by my efti-
mate was pretty broad) that within but two
or three years before, at furtheft, firft broke
out without any manifeft caufe from a great
bog, that had been immemorially at the top of
that mountain, and to the wonder of the in-
habitants, " after the firft eruption of the water,
had fupplied the country with a river ever
fince : the circumftances of which new phe-
nomenon, I would gladly, at.a nearer diftance,
have obferved, but the convoy was not fond
of a curiofity fo- dangerous, - in an enemy’s
country. ‘

OTH R inftances to the fame purpofe I
cannot now conveniently ftay to prefent you,
having already made the conjeftural part of
this effay difproportionate to the other : and I
hope there is already enough faid in this latter
part, to anfwer my defign, which was to ex-
cite your curiofity to feck after fome certainty
touching the things doubted of ; and firive to
enable yourfelf by watchful obfervations, fome-

~what to eafe me of the troublefome fuf-

picions I have confeffed to you, by telling

me, whether they are altogether groundlefs
or not.

* The reference here made,’ isv to a Tra& about the Effefs and Caufes of fome unheeded Changes in the Air,

OF
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SUBTERRANEAL REGIONS,

As o HEAT and COLD.

ADVERTISEMENT.

- . by three or four others, whereof the

' : firfl treated about the temperature of
the regions of the air, as to heat and cold, and
had been premifed to the two, that now come
forth, had it not-been judged more proper to
referve them to accompany fome other papers
¢oncerning the air. To the following tra®
“about the fubmarine regions, it is thought fit
to adjoin fome relations about the bottom of
the fea; to which was to have been added fome
obfervations’ concerning the falinefs of the fea :
butin that treatife, fome blanks having been:
left for particulars, which the author could not
feafonably find among his loofe papers to fill
them up with, thefe that now appear, having

. HE &wo following trafts were de-
I figned to have been accompanied

no dependance on them, it was not thought
fit they fhould ftay any longer for them.

Bu T about thefe feveral trals, this general
advertifement is to be here given, that being
hiftorical pieces, confifting chiefly, (though not

only,) of fuch particulars, as the. author muft-

owe to the informations of others, he would not
ftake his reputation for the truth of every one
of them; contenting himfelf, to have per-
formed what can be reafonably expected of
him; which is, that he thould carefully make
his inquiries from credible perfons, who, for

the moft part, deliver their anfwer upon their.

own knowledge ; -and that he fhould faithfully

fet down the accounts he procured from fuch

relators.

,Oft‘,l?e;TE,-MPERA‘jI‘UR,E 0ft£e“SUB'TERRANEAL Ricrons, as 4

HEAT and COLD.

CHAP I

F when I ufed to vifit mines, Ihad thought
of writing on the fubject I am now about
to treat of, and had defigned to fatisfy

myfelf about the temperature of the fubterra-
neal air, as much as I did about the other fub-
jects I was then concerned to be informed of
I think I thould have enabled myfelf to deliver
much more upon my own obfervation, than I
fhall now pretend to do. But though for the
reafon newly intimated, and becaufe of my
being particularly fubject to be offended by any
thing, that hinders a full freedom of refpiration,
I was not folicitous to go down-into the deep
mines ; yet after having difcourfed of the
temperature of the air above ground, I pre-
fume it may not be improper or unwelcome,

to fay fomething of the temperature of the -

fubterraneal regions, and of the air reaching
thither. For deep mines being places, which
very few have had the opportunity, and fewer
have had the curiofity to vifit, and of which I
have fearce found any thing at all obfervable
by claflick authors, and by other writers, but
very lictle, efpecially that I think probable
enough to make ufe of; 1 prefume it will not
be unacceptable to you, if of regions fo little

frequented, dnd lefs krown; I report what I
have been able to learn (by diligent enquiry.
purpofely made) from the credible relations of
feveral eye-witneffes differing in nation, and
for the moft part unacquainted with each
other: - :
TuovcH 1do not think it abfurd to fufpeét,
that in fome places of the earth, the peculiar
conftitution of the foil, and other circum-
ftances, may make it reafonable to affign thofe
places fewer or more regions than three ; yet
{peaking in the general; the ternary number
feems not inconvenient to be affigned to the
fubterraneal regions ; not fo much upon the
fcore of the analogy, that by this divifion will
be eftablithed between the regions of the earth
and of the air, as becaufe there feems to be a
reafon of the divifion included in the divifion
itfelf. And indeed experience appears to fa-
vour it in the fubterraneal cavity, that I have
hitherto been able to procure 'an account of
from any ocular witnefs, and (very few excepted)
one of the deepeft, that we yet know of in the
world. And fince it has been received for a
rule among philofophers, " that, which is per-
feCteft or compleatett in its kind, ought to be
the ftandard, whereby the reft are to be mea-
fured; or eftimated 5 I fhall begin the remain-
2 ' ing
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ing part of this effay by a relation, that 1 ob-
tained from a chymift, that had purpofely tra-
velled into Hungary, and‘ other places, to vifit
the mines thofe parts are juftly famous for; and
who bringing me the honour of a compliment

from a prince, to whom he belonged, gave

" me the opportunity of afking him divers que-
~ ftions, his anfwers whereunto (which 1 pre-

fently after put into writing,) afforded me the
enfliing account,

CHAP IL

HAT very near the orifice of the groove,

he felt the air yet warm ; but afterwards
defcending towards the lower parts of the
groove, he felt it cold, writil he came to fuch
a depth, as he had fearce attained by a quarter
of an hour’s defcent, and that the cold he felt
during this time feemed to him conliderable,

efpecially when in defcending he bad reached
to a good depth. - ' :

THaT after he had paffed that cold region,
he began by degrees to come into a warmer
one, which increafed in heat, as he went deeper
and deeper.  So that in the deeper veins he
found the workmen digging with only a flight
garment over them 5 and the fubterraneal heat
was much. greater’ than that of the free air on

fummer. ;
{WraT is here mentioned of a cold region

the top of the groove, though it were then

mthe earth, has been fince confirmed to me

by an ingenious phyfician, upon an obfervation
made in another Hungarian mine, (near a town
whofe name I remember not,) that was not of

gold, but copper, and of much leffer deepnefs
than that newly fpoken of. For this relator’

anfwered me, that n going down, he felt a
confiderable degree of cold. And when 1
afked, whether he found the like in his return
upwards, he told me, he obferved it then oo,
And when I further inquired after the extent
of this cold region, he replied, that not ex-
peding to be afked about fuch circumftances,
he had not taken particular notice of them
but thus much information my queftions pro-
cured me, that he beganto feel the above-men-
tioned coldnefs, when he could receive no
more hghit at-all by the mouth of the groove ;
and that this cold region lafted, till he came
fomewhat hear the bottom, which was efima-
ted tobe about an 100 fathom or more diftans
(in a ftreight line) from the top.) ‘
Tais relation agrees well enough for the
main with that thort, but confiderable one of
Marinus, which I elfewhere cite; who above
forty five years ago, vifited the deep Hunga-
rian mines in the month of july, and takes no-
tice, that when he came down to the burrows,
as he calls them, he did not find any heat, as
at the mouth of the well, but the beginning of
a very cold, as well as confiderably thick re-
gion : though I eafily believe him, when he
confefles, that he felt’ it much the colder, be-
caufe he had left off his own cloaths, and put
on the flight garments ufed there by the dig-
gers. He further informs his reader, that
when they had defoended about o fathoms
2 -

beneath the furface of the carth, he began to feel
a breath of an almoft lukewarm air; which
warmth increafed upon him, as he defcended
lower, pleafing him not a little, becaufe it
freed him from the troublefome fcents of his
former coldnefs.  Adding, that the overfeer of
the mine, who conduéted him, affirmed to
him, as alfo the officers of other Hungarian
mines unanimoufly did, that in all their mines,
at leaft all the deep ones, after a thick traét of
cold earth, there fucceeds a lower region, that
is always hot.  And that after they arrived at
fuch a depth, 'they felt not any more cold, but
always heat, how deep foever they dig. And
to add upon the by, though this learned man
lay much weight upon antiperiftafis; yet in

“the next page to thofe, that contain what I

have been juft now relating, he either very
candidly or inconfiderately takes notice, that
they informed him, that in their mines, whether
more or lefs deep, they obferved, that at fome
times in the year, 2 fomewhat intenfer heat
was felt ; and the two times, that he exprefly
names, are thofe oppofitely qualified feafons of
fimmer and winter.” T

~ Having laid down thefe general narratives?
I'now proceed to confider the earth’s regions in
particalar ; about which the fum of what T
yet have to propound, may be conveniently
enough comprifed in the four following pro-
pofitions, B -

CHAP O.
Prorositrion. I,

“ THE firft region of the earth is very
« vartable, both as to bounds, and as to
4 temperature.” L :

Tue former part of this obfervation will
not be difficult to prove, fince it will be eafily
granted, that the manifeft operation of the
fun-beams is, ceteris paribus, greater, and
reaches further.in hot climates than in cold
ones; in the midft of fummer, than in the
depth of winter. - -

“T'HE fecond part of the obfervation may be
pro_ved by the fame arguments as the firft; to
which may be added, as to fome places, the
folidi‘ty or poroufnefs of the earth 3 as alfo the
Rature of fome falts, marchafites, and -other
bodies contained in it, which by their natural
temperature may difpofe the foil to coldnefs or
heat,  As I thall have occafion to thew, when
T come ro fpeak of the fecond region,

In the mean time I have this to obferve
further, that in this firft region, the air is
ufually more temperate, as to cold and heat,
than ‘that above the furface of the earth; and
that this region is not wont to be confiderably
deep : both parts of which obfervation are ca-
pable ‘of being made good by the fame rea-
fons, and-therefore I fhall endeavour to - prove
them jointly. :

THAT in the uppermoft region of the earth
it fhould be lefs cold than above the furface,

feems reafonable 1o be allowed upon this con-

fideration ; that the fubterraneal cavities of the
earth are fheltered by the thicknefs of the fides
from the dire@ action of the fun-beams, the
winds, &c, and is alfo kept from an imme-

diate
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diate; or at leaft from fo full a contact of the
external air, when that is vehemently, either
heated or refrigerated.

Aap firft as to the heat of the fun, that that
does much lefs powerfully affect fuch places as
are fheltered from its action by folid bodies,
may appear: by the -confervatories of ice and
fnow, wherein frozen-water is Kept in that
ftate during all the heat of fummer, and that
oftentimes in cavities, that are at no confidera-
ble depth beneath the fuperficies of the earth.
Nay I remember, that having had occafion (for
the perfeéting of fome conclufions I was try-
ing) to keep ice many weeks after the frofty
weather was gone, and a milder feafon was
come in, I was able to do it, contrary to the
expeftation of fome curious men, without
either digging to a notable depth in the
ground, or building any fubftantial ftructure
over the cavity. For wanting conveniencies;
1 contented my felf, though it were in a cham-
pain place, ‘with a pit fomewhat broad at the
bottom, of about four foot deep or lefs, whofe
mouth was theltered only by-a little low
thatched hovel, that was wide open to the
north, and only fereened the mouth or vent of
the little pit from the direét beams of the fun.
And though I will not deny, that in deep con-
fervatories of fnow, the natural coldnefs of the

- earth, efpecially in fome places, may contri-
bute to the effect; yet I remember, that dif-
courfing once with a traveller and fcholar, that

was born in hot countries, of a conjeéture of -

mine, that in an archied building, whofe walls
were fufficiently thick; and whofe air were

carefully—kept from all avoidable initercourfe

with the external. air, one may, without dig-

ging fomuch as a man’s depth into the ground,.:

. wiake a fufficient confervatory. for ice in very:

open and unfheltered places, and even fuch as
Salifbury-Plain itlelf: difcourfing, as I began
to {ay, with this traveller about this conjecture,
he told me, that at a place he named to-me,
in "the fouthern: part of Framce, whofe heat
feemed to me to exceed that of divers parts of
Italy, fome curious perfons, that were refolved
at any rate to have ice in fummer, though
the foil were fuch, that they could not dig
four foot without meeting with water, were
yet able to make ufe of confervatories, by co-
vering the brick-building they made over their
pits, with clay and fand, to a very confidera-
ble thicknefs, and taking care, that the only
place, that fthould permit accefs to the out-
ward air, fhould be a fmall northern door to
go inand out at, fitted to (hut exadtly clofe,
and fenced with a little porch, furnithed with
another door. And by this means he affirms
thefe gentlemen to referve the included ice,
- not only all the fummer long, but fometimes
for two or three years together, the heat of
that region making many of their winters too
mild to recruit them with ice.

To all thefe things 1 thall add, that even
where the intercourfe is not quite debarred,
but left free enough betwixt the fubterrancal
and the fuperior air, the operation of the fun-
beams may be very much lefs in a cavity
though but fhallow, beneath the furface of the
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ground than above it. For befides that tri-
als have informed me; that liquors, that differ
in hittle elfe than in confiftence, will not fo eafi=
Iy pervade each other, as a man would fur-
mife, unlefs fome external motion haften their
intimate mingling with one another; I re-
member, that one morning pretty late, having
had the curiofity to defcend into a pit; where
they were digging out iron oar 3 though this
cavity had no very narrow orifice, and was dug
directly downwards,; and exceeded not ten or
twelve foot in depth, yet I found not the heat
at all troublefome, whilft I ftayed there, though
the pit were in an open field, unthaded by
trees, and though the air abroad were much
heated at that time of the year, which was in

that feafon (or at leaft very near it) that is wont

to be called the dog-days.
CHAP IV,

N D as we have thewn, that the fubter-

: raneal air, even in the firft region, is
ufually much lefs heated, than the fuperter-
reftrial air ;. fo we may alfo eafily obferve, that
that inferior air is (ceteris paribus) wont to be

much lefs réfrigerated by the grand efficients

of intenfe cold, than the fuperior air.

I will not urge on this occafion what I have
obferved by a furer way, than for oughtl
know has been before practiced, about «the
fmoaking of fome fprings in frofty weather; be-
caufe I do not know, but that thofe {prings

may have come fromi; or paffed a good way
through, fome place very deep beneath the =

furface of the dire@ly incumbent ground, and
perhaps from a foil peculiarly fitted to warm
them; whence the water may have derived a
warmth - confiderable enough not to be’ quite

‘Joft, till it began to {pring out of the ground,

where it needed only not to be quite cold, to
appear to fmoke 3 the intenfe coldnefs of the
air making thofe exhalations vifible in frofty
weather, which would not be fo in milder:
as is evident in a man’s breath, which appears
like a fmoke in fuch weather, though it be
not vifible in fummer. '

Tuar therefore, which I fhall propofe in
favour of our obfervation, is firft taken from

the nature of the thing, which may perfuade

us, that the fubterraneal air being though com-
paratively cool, yet indeed moderately warm

an -fummer, ought not to be affected with

winter’s cold, fo much as that contiguous to
the furface of the earth, from whofe imme-
diate contat it is by a thick arch of earth, if
I may o call it, defended ; and that the cold
reigns moft in the free air and the fuperficial
parts of the terreftrial globe, may appear by
water’s beginning ‘to freeze at the top, not at
the bottom. To which reafon from the na-
ture of the thing, I fhall add only this from
experience, that we fee, thatin cellars, that are
arched and carefully kept clofe from the com-
munication of the outward air, beer, %nd other
liquors may be kept from freezing in frofty
and fnowy weather.
cellar, that was but fhallow, but well arched in
a winter, that was fharp to a wonder, and froze

’ Cc {tronger

As 1 have obferved ina
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ftronger liquors than beer in another cellar ve-
ry near it, that differed' not much from it in
depth, but had not fo thick and folid a roof.
And that not only here in England, where the
cold is lefs violent, but even in Ryffia itlelf,

 where it is wont to be fo extreme, it reaches

not near fo deep as one would think, I learned
by inquiry purpofely made of an ingenious phy-
fician, that lived at Mofcow, who anfwered me,
that others, and he himfelf, did in that city
keep all the winter long, not only their wine,
but their beer from freezing in cellars, that were
not above twelve or fourteen foot deep, but
well covered above, and carefully lined with

planks of fir, without any entrance, but a {mall

trap-door (commonly at the top) which was
fitted fo exally to the orifice it was to clofe, as
to exclude, as much as was poffible, all com-

munication between the internal and external

air, that the latter might not affet the former
with its coldnefs: ~ '

I have indeed fufpeéted, that in fome cellars,
the comparative warmth we find there tay be
partly due to fubterraneal exhalations, that are
pent up in them; and perhaps too in {fome
meafure from the fteams of the fermenting, or
fermented liquors lodged in thofe places. And
1.was fomewhat confirmed in this fufpicion, by
an information my inquiries obtained from the
newly mentioned  doctor, who told me, upon
his own obfervation, thatin one of the cellars
he made ufe of at Mofcow, having occafion to
open the above mentioned trap-door, -after the
cellar had for.a ‘good while been kept very
clofe thut, there came out at the vent, that was
thereby given, a copious fteam in the form of
fmoke, which to them, who had their bodies

affected with the external air, was very fenfibly
warm, and was almoft unfit for refpiration.

‘W hich circumftance increafed my fufpicion, that
there might be among thefe fteams fome of

the nature of thofe, that have been obferved to: -
come from fermentibg liquors, efpecially wine; 1
and foabound in fome  cellars; as almoft to:::
ftifle thofe, that ventured into,thofe vaults, and -
‘Which effeéts

the long abode of fubterraneal fteams in ftag-

to kill {eme of them outright.

nating air, even in many places, where no
metalline oars’at’all, nor other noxious mine-
rals have been found; has enabled that air to
produce, ~Of which - divers fad inftances have
been given within lefs than a mile of this place,
upon men’sfirft going down into pits or wells,
that had not in a-long time been opened or
made ufe of : -but this is here mentioned only

upon the by ; ‘nor have.we any neceflity to fly -

to “fubterraneal --exhalations, for the compara-
tive warmth, that good cellars in general afford

in frofty weather; ; fince that  ph#nomenon

may be accounted for by the reafon formerly
given, that the clofenefs of the cavity, and the
thicknefs of the fides and roof, keep it from
being vehemently. affected with the cold of the
ambient air, | '

Lknow it is pretended, that the warmth we
fpeak of, -proceeds from an antiperiftafis: but
not nOW to engage ina controver{y; that would
take up toe-pyuch time, it may here fuffice ‘o
reprefent, that in eur caft: there appears no ne-

ceflity of recurring to it, the phenomenon be-
ing folvable by the region newly cited, which
may be coafirmed by this experiment, that in
the vaulted cellar above-mentioned, wherein
beer was kept from freezing, in an almoft pro-
digioufly tharp winter, the included air, though
fenfibly warm to thofe, that came out of the
free-air, had not fo intended its hative heat, as
the affertors of antiperiftafis would have ex-
pected ; being colder than the free air com-
monly is in that place, not only in-the heat of
fummer, but in other feafons, when the wea-
theris temperate; as I was affured by com-
paring my own obfervations, made at other
times, with the account brought me by a {kill-
ful perfon, whom I employed ‘into: that cellar
at late hours, in one or two -of the fharpeft
nights of the forementioned cruel winter, with
the fame excellent fealed weathér-glafs, that I
had long kept fufpended withina ftone’s caft of
that place. ~

CHAP V.

AVING faid thus much about the
-~ earth’s uppermoft region; I now proceed

to that, which lies next beneath it; whofe tem-~

perature I cannot fo conveniently give an ac-
count of, in lefs than two propofitions, where-
of the firft is this 3

ProrosiTion IL

“« Tug fecond region of the earth feems to
“. be for the moft part cold in comparifon of
< the other two.” o

:THrs propofition ‘may be confirmed partly
- by reafon, and partly by experience.
-Anp firft it feems confonant to reafon, that-

fince the earth is naturally-a body, confitting’

- of grofs and heavy parts, that are ufually much’

lefs agitated, than thofe of our organs of feel-
ing, it fhould as'to. fenfe be cold; and that
therefore that quality tnay be juftly afcribed to
ity in that region,” where by virtue of "its fitua-
tion it is kept from being confiderably affec-
ted, either by the heat of the fuperior air, or
by that'of the deep parts of the earth: which
upper and lower heat are the two agents, that
feem of all others the moft:likely to” put its
parts “into an unufual motion,’ and’ thereby
change its natural temper. : ‘

‘THAT our propofition is alfo confirmable by
experience, may be' gathered from the rela-

tions fet down in- the former part of this dif-.

courfe,

AND here it will be proper to take notice of -

the advertifement intimated in the clofe of our
above delivered propofition, that this coldnefs
afcribed to the fecond region of the earth is
to be underftood comparatively to the other
two. For otherwife, that even this earth is not;

"as many naturalifts would have it, the fummum
frigidum, 1 gather from this, that I could never

hear of any ice met with there, atany time of
the year, though fnow or hail may be produced
in the middle region at differing, and fome-
times quite oppofite feafonsof the year. Nay, I
have not found by the anfwers, that were made

ie by thofe, that have defcended far enough

2 into
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Jinto this region, that they found the cold any
where very great, or thatin fome places they
have found it at all confiderable ; "as we fhall
fee in the explication of the next propofition. I
know not, whether it will much fttengthen
what has been faid,. if I add, that I learned by
eénquiry of fuch perfons as I lately mentioned,
that at.the mouth of deep grooves, in mines,
the fteams, that afcend, do often feel warm;
though the. outward air, where the obfervation
'is made, be affefted with the heat of fummer.
But though this probably argue, that if the
middle region of the earth, through which
thefe fteams muft afcend, were very intenfely
cold, they would be fo refrigerated in their
paflage, as to feel rather cold than hot at their
appearing above ground, efpecially in fummer:
yet I fhall not lay much weight (for fome may
‘perhaps be allowed it) upon this argument;
becaufe I have not yet tried, how far a warm
fteam:may be altered-in-its paffage, througha
cold conduit: not to mentiongthat in the earth,
the paffage by being directly upwards may be
much the nimblier traverfed, ’

CHAP VL
THE {econd propofition relating to the

temperature of the fecond region of the
carth may be delivered in théfe terms.

ProrosrTion IIL

<« In feveral places, which by reafon of ‘their

¢¢ diftance from the furface of-the earth, one
<« would refer to the middle region of it, the
temperature of the air is very differing at the
fame times of : the year..
I chofe to -exprefs my felf thus, to prevent
fome ambiguities and objettions, which I fore-
faw, that fhorter, but lefs dear and full expref?
fions, might give occafion to. -

In the proof of our propofition; both ex-
perience and reafon may diftinétly be imployed.
And to begin with experience, .

WHEREAS in the above recited defcent in-

to the Hungarian mines, there was obferved a

notably. col region of a confiderable thicknefs,
T Kave purpofely procured accounts from divers.
perfons, that have here in England had occafion,

fome of them, frequently to defcend into deep

pits ‘or grooves of differing minerals, without

finding by the narratives they made me, that
they took notice of any notably- cold part that-

they paffed thorough ; unlefs I particularly

afked a queftion about fuch a thing, But for
ought I could gather from their {pontaneous re-

lations, they felt in fummer-time a remiffion of
the heat of the external air, as foon as ever
they began to defcend ; which warmth did not

fo far decreafe, as to terminate in any notable -
coldnefs, before they came into a deeper part
of the carth, where they are never troubled .

with that quality. And fome of thefe rela-
tions I had from profefled miners, and was cu-
rious, that the relations [ procured ﬂlpt}ld be of
{ubterraneal parts feated in very differing parts
of England,. as well as of places not all, or

the SUBTERRANEAL REGIONS.

" molt of them having veins of one and the fame

mineral.  And I learned by particular inquiry
from a practical mathematician, that was often
imployed about lead mines, that at fuch depths,

‘as (according to Morinus) ' the fecond region

of  the earth reaches to, he himfelf obferved it
to be fenfibly warm at all feafons of the year
(for about that circumftance, I was peculiarly

follicitous to be fatisfied.)

"Nor is it unconfonant to reafon, that the
middle region of the earth, in the fenfe meant
in the propofition, fhould not be of the fame
temperature in all places ; not only becaufe of

-the differences, which the climate may produce

by reafon of its being very rhuch hotter, or

‘very mucli colder in one place than in another.:

but from the peculiar conftitution of the foil 5
to the confideration whereof 1 fhall here con-
fine my felf.

Now this t’empefament‘ of the foil it felf

‘may be diverfified, not only by its greater or

leffer compaétnefs (upon which account fome

{oils are rocky "or ftony and others light and.

fpongy) but from the nature of the {prings or
{fubterraneous liquors, that may abound in it,
or ftrain through it into the groove or pit, we
fuppofe theobferver tobein; and that efpecially
by the minerals; particularly falts, and marcha-

fites, that grow near the fides of the well, or are

brought thither by the waters.

“To illuftrate this, give me leave to confider,-

that nature does not regulate her felf under
ground by our imaginary divifions ; but, with-
out taking notice of them, produces marcha-
fites, falts, and other minerals, moft frequently
perhaps in what we call the lower region of the
earth ;5 but yerfometimes too, in our Upper re-
gion, and oftentimics in our middlemoft region.
Letusthenfuppofe, that infome places of this laft
named region, “there be a miine of that earth,
that naturally abounds with embryonated nitre,
or with fome other falt, that is apt, efpecially
being diffolved or muoiftened with water, (a
thing very familiarly to be met with in mines;)
to fend out a refrigerating efluvium, - or by its
conta& to cool the air. Let us alfo fuppofe,
that by the fides of another well of the fame
depth, there are ftore of unripe minerals, that
are in the procefs of generation, or rather a
great quantity of marchafitical earth, if I may
{o callit, thatis fuch a fubftance, as I have met
with in more than one place, copioufly. im-
pregnated, and as it were blended with mine-
rals of a marchafitical nature ; and yet of fo
open and loofe a texture, as not only water
would in a few hours, but air alfo would not
in very many evidently work upon it, And
fince during the time, that marchafites are flow-
ly diffolving, it has been obferved, according to
what we have ellewhere delivered*, that many
of them will conceive a very confiderable de-
gree of heat; will it not be very probable, that
the temperature of the earth in the place, that
abounds with thefe marchafitical minerals, will
be very warm in comparifon of the temperature
of theother place, where the foil does plentifully
producenitrous, and other refrigerating bodies ;

though

* The tra& here pbinted at is a Difcourfe of Subterraneal fires and heats,

99



100

The TEMPERATURE of Chap.VILVIIL

though both the places be fuppofed to be at the -
fame diftance from the furface of the earth,_and
confequently in the fame fubterraneous region.

Uron the like grounds, it may alfo be
fufpedted, that in the fame places the tempera-
ture may not be always the fame, even upon
the accountof the foil. For I elfewhere thew,
that fome faline earths, efpecially nitrous, and
fome minerals, that partake of the nature of
marchafites, admit a kind of maturation, and
perhaps other changes, that feem to be fponta-
neous; and that fuch changes happen the
more notably in thofe parts of fuch bodies, that
are expoled to the air, as thofe are, that chance
to be placed at the fides of the deep wells we
are talking of. 'Which things being pre-fup-
- pofed, it will not be abfurd to conceive, that
the mineral, to which either heat or cold is to
be referred, may be ‘more copious, ripe, and
operative at one time, than at another 5 or,
that at length all the earth capable of being,
as it were, affimilated by the mineral rudi-
ments_harboured in it, may be confumed, or
the mineral it felf may arrive at a perfetion
of maturity, which will make its texture fo
clofe, as to be unfit tobe penetrated, and wrought
upon, as before, by the water or other liquor,
that occafioned its incalefcence.

CHAP VI

OMIT to fpeak of the tranfient changes,
I that may be occafioned in the temperature
of the fecond region of the earth by feveral ac-
cidents, and efpecially by the fubterraneal ex-
halations, that in fome places and times copi-
oufly afcend out of thelower regions of the earth.
Nor fhall I infift upon any of the other caufes
of a more durable difference of temper in fome
parts of the fecond region, fuch as may be the
vicinity of fubteraneal fires in the third region
that heat the incumbent foil ; becaufe I would
haften to the third and laft part of this dif-
courfe ; which yet I muft not do, without pre-
mifing this advertifement, that I think myfelf
obliged to {peak the more hefitantly and diffi-
dently about the temperature of fubterraneal
air, becaufe mineralifts have not had the cu-
riofity to examine it by weather-glafles, which
would give us much more trufty informations,
than our fenfe of feeling powerfully pre-affected
by the cold or heat of the externalair. I did
indeed fend fit inftruments to fome days jour-
ney from this place, to examine the air at the
bottom of fome of our deep mines; but through
fome unlucky cafualties upon the place, the
attempt mifcarried, But when I thall (God
affifting) recover an opportunity, that I have
fince wanted, I hope an accurate fealed wea-
ther-glafs, joined with a portable ba_roicopc,
will give me better information than mineralifts
have yet done. I fay a fealed weather-glafs,
* becaufe though common thermofcopes had
been employed by miners, I durft not rely
upon them ; being perfwaded by trials pur-
pofely made, as well as by the reafon of the
thing, of the fallacioufhefs of fuch thermo-
fcopes: for in them the included air is liable
to be wrought upon, not only by the heat and

2

coldnefs, but by the weight or preflure of the
external air.  So thatif a thermofcope be let
down from a very confiderable height, at the
top of which the flation of the pendulous
liquor be well marked, that liquor will be found
to have rifen, when the inftrument refts at the
bottom, as if the included air were mani-
fetly refrigerated ; though the temper of the
external air may be in both places alike, the
caufe of the pendulous liquor’s rifing being
indeed, that the aercal pillar incumbent on the
ftagnant liquor is higher and heavier at the
bottom, where the inftrument refts, than that,
which leaned upon it, at its firft or upper fta-
tion nearer the top of the atmofphere. From
whence it will be  cafy to conclude, that at the
bottom of a deep groove, where the atmofphe-
rical pillar, that prefies the ftagnant water, will
be much longer and heavier than at the top,
the air may appear by the inftrument to be
colder in places, where it is really much hotter,
the increafed weight of the incumbent air being
more forcible to impel up the pendulous liquor,
than the endeavour of expanfion procured in

the included air by the'warmth of the place is
to deprefs it,

CHAP. VIIL

HAT, which challenges the third and Jaft
part of my difcourfe, is the lowermoft
region of the earth, about whofe temperature
I fhall comprize, what 1 have .to fay in the
following propofition ‘ -

ProrosiTion IV,

“ THE third region of the earth has been
“ obferved to be conftantly and fenfibly warm,
““ but not uniformly fo, being in fome places
¢ confiderably hot.”

I mention, that the recited temperature has
been obferved in the lower region, becaufe
would intimate, that I would have the propo-
fition underftood with this limitation, as far ag
has been yet (that I know of) obferved. For
almoft all the deep grooves, that mineralifts
have given us accounts of, and wherein men
have wrought long encugh to take fufficient
notice of the temperature of the alr, have been
made in foils furnithed with metalline oars, or
other minerals, without which men  would
not be invited to be at fo great a charge, as
that of finking fo very deep pits, and main-
taining workmen in them. So that experience
has yet but flenderly, or at leaft not fufficiently
informed us of the temperature of thofe parts
of the third region of the carth, that are not
furnithed with” ponderous minerals; and con-
fequently has not informed us of the tempera-
ture of the lowermoft region in general’; as
will better zppear by what I fhall ere long
reprefent. '

Havine premifed this advertifement about
our propofition, we may proceed to the diftinct
proof of the two parts or members it copfifts

AND to begin with the firft, whatever the

- peripateticks teach of the innate coldnefs of the

earth, efpecially where it is remoteft from the
mixture
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mixture of the other elements; yet having
purpofely enquired of feveral perfons, that vifited
and alfo frequented the third region in differing
countries, foils, and at differing depths under
ground, and feafons of the year, I did notper-
ceive, that any of them had ever found it fen-
fibly and troublefomely cold in the third region
of the carth. And on this occafion I remem-
ber, I had fome light fufpicion, thatat leaft in
fome cafes, the narrownefs of the cavities,
wherein the diggers were in divers places re-
duced to work, might make the warmth they
felt proceed in great part from the fteams of
their own bodies, and perhapsof the minerals,
and from the difficulty of cooling or ventila-
ting the blood in an air clogged with fteams,
And I was the rather induced to think this pof-
fible, becaufe I had (even in metalline mines,
that were but fhallow and very freely acceffible
to the air) obferved a ftrong fimell of the me-

tal abounding there.
I have likewife found by feveral trials, that

the exhalations, that proceed from the bodies of
animals; do fo vitiate the air they abound in,
as to make it much lefs fit for their refpiration,
and to be apt to make them fick and faint,
Wherefore I thought it not altogether unfit to
inquire, whether the heat of the fubterraneal
air, infuch placesas have been newly mentioned,
might not be referred to thefe caufes. But I
was anfwered in the riegative ; efpecially by an
inquifitive perfon, that had been in the deepeft
and hotteft mines, that have been vifited by any
acquaintances of mine. .

T'n 15 way of accounting for the fubterrancal
warmth being laid afide, it feemed, I confefs
fomewhat difficult toconceive, how it fhould be
produced yet 5 two principal caufes there are, to
which I think we may probably refer the tem-
perature of thofe places, ,where the airis but
moderately warm.  To hich a third is to be
added ; when we come to give an account, why
fome places are troublefomely hot. |

Anx b firft, why the coldnefs of winter fhould
not be felt in the lowermoft region of the carth
may be, that the air there is too remote from
the fuperterrefirial air, to be much affected with
‘thofe adventitious caufes of cold, that make
that quality intenfe in the air above ground.
But becaufe this reafon fhews rather, why it
{hould not be in the earth’s lower region much
colder in winter than in fummer, but not why
it thould be in all feafons warm there ; I thall
add as a conjecture, that the pofitive caufe of
the actual warmth may procced from thofe
deeper parts of the fubterraneal region, which
lie beneath thofe places, which men have yet
had occafion and ability to dig.  For it feems

robable to me, that in thefe yet unpenetrated
‘bowels of the earth, there are great {tore-houfes
of cither aGual fires, or places confiderably
hot, or, (in fome regions) of both; from

which reconditories (if 1 may fo call them) or
heat, that quality is

magazines of hypogcal

communicated, efpecially by fubterraneal chans
to the

nels, clefts, fibres, or other conveyances,
lefs deep parts of the earth, either by a propa-
gation of heat through the fubftance of the in-
rerpofed pare of the foil, (as when the upper

Vou. lIL
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part of an cven is remifily heated by the fame
agents, that producean intenfe heat in the ca-
vity,) or by a more eafy diffufion of the fire or
heat through the above-mentioncd conveyances,
as may be exemplified by the pipes, that convey
heat in fome chemical ftructures:) or clfe,
(which is perhaps the moft ufual way,) by fend-
ing upwards hot mineral exhalations and {teams,
which by reafon of the comparatively heavy
minerals they confift of, and by reafon of their
being lefs difperfed nearer the places whence
they proceed, are ufually more plentiful in the
deeper parts of the earth, and fomewhat affelt
them with the quality, that they brought from
the work-houfes where they were formed, and
that they retain for fome time after.

CHAP IX
fI"’HAT manifeft teams oftentimes are
~ found in grooves, cfpecially in deep
oncs, is evident by the damps, that infeft moft
of them, and that in diftant regions, as in fe-
veral provinces of Germany, Bobemia, Hun-

gary, &c. as alfo in feveral parts of Zngland,

in grooves, fome of which I have received ie-
lations from the mine-men themfelves. By

which it appears, that feveral of thefe exhala-

tions afcending from the entrails of the earth

are fulphureous and bituminous in fmell, and in

fome grooves (one whereof I elfewhere men-

tion my felf to have vifited) thefe fteams are

apt, attually to take fire.

Tre warmth of many fubterraneal exhala-
tions, I think, maybe made further probable by
fome other obfervations. For though thefe
newly mentioned are not to be rejected, and
may be employed for want of betters yet
have feveral times queftioned, whether I ought
to acquiefce in them alone.  For I do not think
the eafy inflammablencfs of bodics to be al-
ways a fure proof of the actual fenfible warmth
of the minute parts it confifts of, or may be
reduced into.  For though falt-petre be very
inflammable, yet being by a folution in fair
water reduced to invifible corpufcles, it highly
refrigerates that liquor. ~ Nor have I obferved
its fumes, (when far from the fire,) to have any
heat fenfible to our touch.  And the like may
be faid of the exhalations of highly rectified
{pirit of wine ; which yet we know 1s itfelf
totally inflammable.  NayIknow not, whether
(for a reafon clfewhere declared) copious exha-
lations may not afcend from the lower parts of
the carth, and yet be rather cold than hot.
For, in another paper, I mention a way by
which Imade a mixture, that plentifully enough
emitted fteams, of whofe being rather of a
cold, than a hot nature, there was this proba-
bility, that the mixture whence they afcend-
ed, even whilfl its component ingredients were
brifkly acting upon one another, was not only
fenfibly, but confiderably, cold.

OnE main thing therefore, that induces me
to affent to the opinion, whereto the former
inftances do but incline me, is, that having
purpofely inquired of an obfervingman, that
frequented deep mines, (wheremn he hada con-
fiderable fhare,) he ai\)fwgrcd me, that he plaly
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obferved the fumes, that came out of the

mouths of the deep pits, to be attually and
fenfibly warm, and, thatin a warm feafon of
the year. And Morinus (above cited) {peak-
ing of the deep Hungarian mines, makes it the
firft epithet of the copious exhalation, that
afcended from the bottom, that it was hot.
Anda few pages after he fays, that at the
mouth of the well, the afcending fumes were
fenfibly hot in fummer itfelf. And the fame
arguments, that I have elfewhere given to thew,
that there are very hot places, and, as it were
zftuary in the bowels of the carth, may ferve
to make it probable, that the fteams afcending
thence may be actually warm.,

TuaT allo in many places of the carth,
where no grooves are dug, and no vifible ex-
halations are taken notice of, they may yet
pervade the foil, and exercife fome operations
of warmth, may be probable by this, that the
experienced Agricola him{elf reckons it among
the figns of a latent mineral vein, that the
hoar-froft does not lic upon that tract of the
furface of the earth, under which a wvein
(though ‘perhaps very deep) runs. The like
directions I have known given by the fkilful
in England, for the difcovery of places, that
contain coal-mines. And I remember a near
rélation of mine fhewed me a great feope of
land of his, which (though in an outward ap-
pearance likely to be as cold as any place
thereabouts,) he affirmed, would not fuffer
{now to lie upon it above a day or two in the
midft of winter, ,
. Tuz probability of which relation was con-
firmed to me by the anfwer I received from a
very ingenicus gentleman, who lives among
mines, and is not a little concerned in fome
of them. Ior having inquired of him, what
he had obferved about the lying, or not lying
of the fnow on the mineral foils near the place
of his refidence; he replied, that in fome of
them, he did not take notice of any peculiar
indifpofition to let the ice and fhow continue on
them : which I conceive may proceed, either
from the want of fuch minerals in the fubjacent
parts, as were then in the ftate of incalefcence 3
or elfe from this, that (according to what we
have elfewhere obferved about the fnow on
Atna) the direét afcenfion of the hot fleams
was hindered by fome layers of rocks or ftonc,
through which the freams could not penetrate,
or could do it but fo flowly, as to loofe their
altual warmth by the way. But this gentle-
man added, that in other places, near that of
his abode, and fuch as he knew to have mi-
neral veins beneath them, he obferved, that
the fnow, (nor the ice) would fearce continue

at all upon the furface of the ground, even in
an extraordinary cold winter.

I't will be a confiderable inftance to our pur-
pofe, if it be indeed true, which fome learned
men have written, that near the gold-mines in
Hungary, the leaves of the trees (efjecially
thofe, that refpect the ground) are oftentimes
found enobled with a golden colour from the
metalline exhalations of the gold mines; which,
one would think, muft by reafon of their pon-
deroufhefs need a confiderable heat to clevate
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them, efpecially into the open air. But though
doubting of this relation, as not made by mi-
neralifts or accurate obfervers, I inquired
about it of a perfon, whofe curiofity carried
him purpofely to vifit thofe mines, I was an-
fwered, that he could not be a witnefs to the
truth of the obfervation ; yet he told me an
obfervation (which 1 clfewhere mention) that
doth not difcountenance that tradition.

Ir it be objected, that what has hitherto been
faid about latent fires and heats in the bowels
of the carth, will give an accofint of the
warmth only of thofe places, that are within
reach of the action of fuch magazines of heat,
which probably may be wanting'in many places
of the carth; Ifhall readily confefs, that as I
firft made this objeftion to myfelf, fo I do not
yet difcern it to be unreafonable{ and, that for
ought 1 know, if men had occafion to dig as
decp, and be as far converfant in many other
low places of the ecarth, where there are no
figns of minerals, as they have done, where the
hopes of actual difcovery of-veins of metals,
and other minerals worth working, have in-
vited then, divers places in the third region
of the earth would be met with, that would be
deftitute of the warmth, that has hitherto been
generally found in’places of the fame region,
that either abound With minerals themielves, or
are near fome of the deep and latent aftuaries
above-mentioned.

AnD as for thofe parts of the third region
of the earth, which men feel not only warm,
but troublefomely hot, that incommodious de-
gree of heat feems not, (at leaft in fome places)
to be derivable from the two above-mentioned
caufes ; which muft, (to produce fo ‘confide-
rable an effect,) be affifted bya third caufe more
potent than themfelves : which feems to be the
incalefeence there is groduced in many mines,
and other places, by the mutual aftion of the
component parts promoted by water of imma-
ture and more loofely contexed minerals, efpe-
cially fuch as are of a marchafitical nature,
‘That fuch an incalefcence may by fuch a way
be produced in the bowels of the earth, I have
clfewhere thewn (in my difeourfe of fubterrancal
fires and heats) by the examples of fuch incale-
feences producible in mineral bodies here above
ground. ‘That marchafites, which for the moft
part abound in vitriol, are bodies very fit to
procure this fubterrancal heat, may be con-
firmed not only by the fulphureous and faline
parts they abound with, and by this, that
many of them may be wrought on, as we have
tried, both by fimple water, and even by moift
air, which argues the refolublenefs of their
confticution ; but alfo by this, that having
purpofely inquired of a gentleman, that went
out of curiofity to vifit one of the deeper Hun-
garian mines, he confirmed to me what I had
otherwife been informed of, by anfwering me,
that in the lower parts of the mine, he had ga-
thered vitriol, that appeared above ground to
be of a golden nature; and, that in a cave,
that is on one fide of the groove, in the dee
gold mine ncar Cremmnitzo, the corrofive finell
is fo ftrong and noxious, that men have not

dared to dig out the native gold it richly

abounds
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with, being deterred by the ill fate of divers,
that ventured to work in it Adding, that
though he paffed by it in great hafte, yet he
could not avoid the being offended by the noi-
fome exhalations. And on this occafion, it
will not be, I prefume, difliked, if I illuftrate
what I was faying of immature minerals, by
fubjoining, that having afked this chemift,
whether the vitriol he found very deep under
ground were all {olid, or fome of it foft? he
affirmed, that as he gathered it, he found fome
of it foft. And to fatisfy my curiofity, to
know whether it continued that yeilding con-
filtence? he farther told me, that it was foft in
the deeper part of the mine; bu