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" To THE
Right Honourable

- Lord Sommer.r,
Lord-Prefident of Her Majefties

e _n‘mﬁ Honourable Privy-CounNcii.

~ May it pleafe Your Lord'fhip, |
W T would be an Inexcufable Vanity in
- Me, ta prefume to attemps Your
~“Lordthip's® Charaiter 5 which
(o umiver(ally known, that 1t needs not 5 and

Jo great, that 1t cannot, receive any Advan-

tage



The Epiftle

tage from the Defiriptions even of the Ableft
and moft Learned Pens.

Your Lordthip will pardom my Bold-
nefs in making this Obfervation only, That
under the grmzfﬂ Weight of Public Bufr-
ne(s, ahd in a¥ Multiplicaty of Affaits of
the ‘bigheft Importance, wherein you bave
fo eminently and [0 fteadrly promoted the
true Intereft of your Country; your
Lordflip bas neverthelefs, by the: imply 0y
ment of a few vacant Hours, exceeded in
Univerfal Learning, thofe whofe, Lives
bave been wholly [pent in fuch Studies 3 and
bave been pleasd to become [uch an Encon-
rager and Promoter of all forts of Kmv
ledge, that no part of Learning has %,
confiderable inour Age, without being
bitious of the Pﬂrranage gf }MI’ Lﬂrdjhp:
Name.
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Dedlcatory

2 amvery fenfivle, bow much the Im-
 perfedionvf my Perfogmance, and my want
of a Learned Education, makes me fland in
need of that Favour and Prote&ion, which
the Learned [t and moft Accomplifb'd Wri-
ters bave been proud of afpiring to.
Particularly, the Honour your Lordfbip:
bas dune the Royal Society, in being fome
time thetr PR ESTDE N T ; and the great
Skill your Lordfbip 15 kuown to bave at-
tain'd to n the Works of Nature, 7o
lefs Eminently than in the Kunowledge of
Men, and of the Nature and Ends of
Government ; bave imboldewd me to
lay.this [mall Axtempt at your Lordfbip’s
Feet : Which baving letn already read
and approv'd before z:/Jﬁ' Society, may,
with the Addition of your Lordfbip’s Fa-

wour and Encouragement, hope to overcome:

all.
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I YourLﬁnnsmP’s maﬁ_(_)beﬂieﬁf

and Faithful Servant,

Fra. Haukflree;



PREFACE

A HE Learned World is now almoft
§ e general]y convinc’d, that inftead of
¢ amufing themfelves "with Vain Hypo-
thefes, which feem to differ little from Ro-
mances, there’s no other way of Improving
Naturar PurrLosorny, but by De-
monftrations and Conclufions founded upon Fxpe-

_r:ment.r Jud1c10uﬂy and accurately made,

By this eumfe after many Ages . had
pafs’d, with little or 1o Progrefs in the
True Knamlecge of the Nature of %%ng y gred-
ter Advances have been made within the
compafs of a {fmall number of Years, than
was eaﬁl%/I o be imagin’d, that the moft Sa-
gacious Men, with their greateft Induftry,
could ever have been capable of attaining to.

a The



The PREFACE.

5_['he Horourable 'md moft- Fxcellent
Mr Boyvrge, by great Variety of Experi-
ments, in almoft every part of Philofaphy, gave
much’ Light into the Caufes and Operations
of Nature-, and particularly by-the Inven-
tion of tha,ﬁ mﬁs Uﬁiﬁl Ir}&"fum 1t thé ﬂzr—-
Premip.

— The P11nc1pal Subjett af the, ﬁ;llowug,g
Papers is, an Account of Great and Futher
'Im_pravmwnt; of this Noble Machin, the Air-
Pump, and. of many New Fxperunents made
'thereby s TP S Y e

By the" fame Mefhoa tha moft T..earned
“and Incomparable Sir Isaac NEWTO ~ has
inverited ‘anid “eftablifh’d the Theury of 'Lght
and Colours 3 and by. Demonftrations founded
on Experlments and Obfervations, has dt once
begun and finifh’d that great lemver‘y, and
“advanc’d that- part of Optics, ‘concering, the

Nature of Liht and Colours, of which there
‘was_little (if any thing) bt.fme known, to
a ?e}‘ﬁ' 1 and Complete Scrence. |

T}.IE'- |



The PR EFACE.

The New Experiments contain’d in the fol-
lowing Treatife, concerning the Prodution
and Emiffion of certain Kinds of Liht fiom
different Bedies; ( hitherto tnobferv'd ) may,
'tis prefum’d, give no {mall IHuftration to
that Matter ; and become “the Occafion of
many not-unacceptable DifCoveries, corcerit-
ing {everal particular . Circumftances’ not in-
cluded in the general Theory. "°, .~ "

The general Laws of Astrafion and Re-
pulfe, common to all Matter, have by the
{fame Excellent Perfon been difcover’d and
applied tot Wonderful Purpofes, in eftablifh-
ing the true Syftem of Nature, and explain-
ing the Great Motions in the World. But
the Nature and Laws of Eleftrical AttraSions
have not yet been much confider’d by Any :
And inn the following Obfervations, *is-hoped,
the Reader may meet with many things,
which may be of great Ufe in difcovering
fome of the Wonderful and hitherto Un-
heeded Eflects of this ftrange Property of
Bodies, in feveral of the Operations of Na-
ture 3 and poflibly in the Production and De-
términation even of Lnwluntary Motions in the

a E fpaftf



The PR ETYUCE.
Parts of Animals 5 of which very little has.yet
been wrote intelligibly.

" If the few Hints and Suggeftions i this
Difcourfe, fhall excite the Curiofity of Inge-
nious Inqurers, to make further Search into
thefe ;%atter's, my Intention in publifhing
them, which was entirely for the  Lmprove.
ment of Natural Knowledg, will be compleatly
anfwer'd.. o Xy
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Phyfico-Mechanical
Erperiments, .

— i

L

=

A General Defeription of the AIR-PUMP
made ufe of i the following ExpERIMENTS.

HE A1r-Pumre (delineated Plate 1) con-

. fifts of two Brafs Barrels or Cylinders, as
reprefented by # 224, twelve inches in

height, and two their diameters within.

The Suckers, or Emboli, are rais’d and deprefs’d by
turning the Winch & 6 backward and forward. The
Winch is faften’d to a Spindle that pafles thro® a
Tanthorn, whofe Pins perform the Office of Cogs;
for in its motion they lay hold on the Teeth of the
Racks ¢ cc ¢, and fo reciprocally as one is deprefs’d
the other is elevated : By which means the Valves,
- which are made of limber Bladder, and fix’d on
the upper part of each Embolus, as well as at the
. - bottom of the fore-mention’d Cylinders, perform their
“1Offices mutually of exhaufting and difcharging the

B wl o ifame
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fame Air taken from the Recipient on the Plate of”
the Pump. And when the Recipient comes to be-
“pretty well exhaufted of'its contain’d Air, the preffure
of the outward Air on the defcending Sucker is
nearly fo great, that ihe Power requir’d tosraife the-
other is very little more than what {furmounts the-
{rition of the moving Parts ; which renders this.
Pump preferable to all other; for,1n the Working of
them, the neaver they appioach aJt'acuum, the grea-
ter is their-Labour: But this that T: am now defcri--
bing (under the {fame circumftances) is-quite cons-
trary.
~The bottom of the Barrels are plac’d 'ina Brafs
- Difh, reprefented by 4d,, whofe fidés -are about two
inches high, and is on purpofe to-put Water in, to.
keep the Leather Collars ( on ‘which the Brafs Cy-
linders ftand ) moift, whereby the Air is prevented”
from infinuating into_the Cylinders in thofe parts..
The Cylinders are fcrew’d down on' the fame by
the Nuts e eee, which force the Frontifpiece f f
down on them, thro’ which the two Pillars g g g ¢
pafs, The Pillars have an Iron belan%ing to each of
’em, and pafs from ’em in the form of a Swan-neck,
decipher’d by g ¢, which Irons are faften’d to the.
hinder part of the Frame, for their better fecurity
from fhaking. From between the two Brafs Barrels.
arifes a. Brafs hollow Wire, #h#hk, which hath a
communication with each of ’em, by means of g per--
forated piece of Brafs which lies along horizontall
from one to the other. The upper end of this hol-. _
low Wire is faften’d to another piece of perforated:
Brafs, which fcrews on underneath the Plate 77247,
which’is 10 inches over, and has.a. Brafs Rimm.
{oder’d on it, to prevent the fhedding of Water i]fﬂli
WALCLL:
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‘which thereis occafion in feveral Experiments. Be-
tween the middle and the {ide of this Plate arifesa
{mall Pipe, #, about aninch and half in height, thro
which into the fore-mention’d hollow Wire pafles all
the Air into the Barrels, as it is taken from the ex-
‘haufting Receiver. Upon the Plate of the Pump is
-always laid a wet Leather, on which the Recipients
are plac’d : This wet Leather prevents the Air’s get-
ting into the Glafles, whofe ec}%es are truly ground,
and 1s-of ufe for that purpofe beyond any Cement
whatfoever, and not only fecures it from the Air’s
ingrefs that way, but by the ufe of it we can make
{everal Experiments in the fame time they formerly
could make one, without any daubing or difficulty.
Another Excellency in this Pump is,: thie Contri-
vance of the Gage, denoted by / /11, which Gage is
a ‘Glafs Tube about 34 inches long, and is fo plac’d
that it cannot eafily receive damage, and is altoge-
ther out -of the way -of any thing that is experimen-
ted on the Pump. Its lower Orifice is plung’d in a
Glafs of Mercury, defcrib’d by a2, on the furface
of which is laid a piece of Cork with a hole in the
middle for the Glafs Tube to pafs thro’: On this
Cork is plac’d a2 Board made of Box "Wood, about
an inch in breadth, and groov’d in the middle to
receive the fore-mention’d Glafs Tube,which is loofely
loop’d on to the fame by two Brafs Loops, that it
may have the liberty of rifing and falling as the
Mercury afcends or defcends in the Gage. To the
upper part of this Tube is cemented a Brafs Head,
swhich Brafs Head fits into the fore-mention’d perfora-
ted Brafs Piece that 15 fcrew’d on under the Plate,
and has a communication as well with the Recipient
on the fame, as with the hollow Brafs Wire hhhh

B2 pal-
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pafling between the two Barrels. The Box Board is
graduated into Inches and Quarters, from the fur-
face of the Quickfilver to 28 inches high: from
thence ’tis divided into Tenths of inches.” By this
Gage the Degrees of Rarefaction in any. Experi-
ment are at all times moft nicely to be obferv’d.
The Air-cock, », which lets in the Air, is likewife
a Screw on the {ame fore-mention’d perforated Brafs,
in which the upper parts of the Gage and hollow
Wire are inferted: o000 o reprefentsa Receiver ftan-
ding on the Plate of the Pump, on whofe upper
part p p, thro’ a Box of Collars of Leather, pafes a
Slip-wire, whofe Office is to take up, let fall, or
fufpend any thing at any determinate height, in the
Receiver, without the Air’s infinuation.

SECT.
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An Account -sf feweml Expefimeﬂtf on the M&r--
curial Phofphorus.

ExXxPERIMENT. I

ends, and capable of containing about 30 ounces
of Water : The upper Orifice of this Receiver was
clos’d with a Brafs Plate, (by the help of a wet Lea-
ther laid on the edge of it,) in the middle of which
was fcrew’d a Stopcock, that ‘had a fmall Glafs
Tube inferted into the lower Orifice of it ; the In-
fertion was perform’d by means of a Cement: And
the little Tube thus inferted, reach’d nearly from
thence to the bottom of a Glafsy;which-was-alfo
included within the ’forefaid Receiver, and which
had as much Quickfilver in it as would cover the
bottom of the Tube about "a quarter of an inch.
This Apparatus was then applied to the Pump, and seerigq,
the Stopcock turn’d, to hinder the Air’s paflagethat/«t Uil
way, till the Receiver was fufficiently exhaufted:
‘Which done, the Stopcock was turn’'d again, to
give the Air free liberty to enter in; and then the
Air making its way thro’ the Tube before men-
tion’d, rufh’d with a very great violence thro’ the
body of the Mercury, blowing it up forcibly againit
the fides of the Veflel that contain’d it. ?ﬁlnd in
~ this confufion and hurry of its Parts iz gave, all yoand,
the appearance of Fire ; it look’d like one great fla-
ming Maffe, compos’d and made up of j.nnumeﬁ;

1 Took a Glafs Receiver, opén and ground at both
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“ble little glowing Balls, which being forc’d up and
dafh’d againft the fides of the Glafs by the impetu-
ous Torrent of Air, fell down again by their own
sweight into the reft of the Mercxry. And thus the
bright Phénomenon continued, till the Receiver was
‘half fill’d again with Air. '

The Refult of this Experiment therefore,fhews us,
that Light is producible from Mercury, by paffing com-
.mon Air thro’ the Body of it, after the Receiver is well
exhaufted : 2. e. that L;gfjr i producible by the applica-
tior of a wvery [ubtile and penmetrating Mover, to a Fluid
of ﬁrmr denfity, whofe Parts are moft minutely divided,
and of a fmooth and polifl’d Saperficies, and plac’d where
it has little difturbance; bat from that Body which gives
the Motion to its Parts. 'For fuch a denfe and polite
Body, is Mercury ; fuch a fubtile Mover, is the Air;
-and fuch an aps Repofitory, 1s an Exhaufted Receiver,

ExperimeNT I

in Height, I fcrew’d to the upper Orifice of it

1 Glafs tefembling thofe now commonly us’d for

Cupping, havidg an open paffage thro’ its Neck, -ia
“which was cemented a piece of a fmall Tube, drawn
tapering to one ‘end 'by the Flame of 2 Candles
‘This, togethér with the Cup, made an entire Fuu-
‘nel, the {mall Aperture of which was ftop’d with a
round little Plug of Wood, to prevent the Mercu-
Ty’s entfing the'Receiver before its due-time. With-
m this ‘tall’ Receiver 'was included a Glafs of the
height

'ﬁAvlng'ﬁft}Vided a Recerver of about 21 mcheg
G
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Keight of about 1% inches; which 'had a round”
‘Crown like a Shade (as they generally call thofe
Fences which are putover Images to keep ’em from

the Duft.) ‘This whole Apparatus thus {et together, See Fig3 -
was plac’don the Pump, and about a pound and a /L
half of ‘Mercury put into- the Funnel; and then
working the Pump, by that time the Air had been
drawing out for the fpace of two minutes, there

was enough exhaufted for exhibiting the Phenome-

non intended.. ' Having then loofen’d the Plug there-

fore, which ftop’d the Funnel, the Mercury was dri-

ven by the preflure of the Air with great violence -

Into t{Je Receiver, and f{triking forcibly on the-
Crown of the included Glafs, was thereby broken ;
into very {mall Particles, and gave the furprizing
appearance of a fhowre of Fire, defcending all round

the fides of the Glaffes. The Light it gave in jts.
defcent, was fuch, that the form of the Receiver,

and the Glafs included therein,. were both very di- -
ftinguifhable, and'continued fo to be, till all the
Mercury had pafs’d thro’ the Funnel.. All that{pace

of time (I fay) the Reprefentation lafted ; neither
could any thing more lively exprefs:{uch a fiery
‘Showre, than this defcentof the Mercury in Pacuo,

“What farther occurr’d to Obfervation in this Phe-
nomenon,. I think proper to take notice of in fome
Particulars by themf{elves. I obferv’d then,

That the defcent of the Mercury refembled rather
the fall of Snow, than that of Rain, by reafon of the
flownefs of its motion. |

‘That none of it appear’d luminous, but what
Egs contiguous to. the fides of the, Glafles-in its de- -
ient.. o
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That the 'Globules of Mercury defcended fome
fwifter than others, according to their different
magnitudes.

That the Mercurial Globules did not barely {flide
down along the fides of the Glafles, but were alfo
turn’d about circularly; or, in other words, that
befides their motion of Perpendicular defcent, they had
allo a Circalar one about their own Axes.

That the parts of the Mercury contiguous to the
Glafs, were by thefe Circumgyrations continually
tearing and feparating from their Contalt with the
Glafs; and by that means were wrought up into
fuch a form or fhape, as was proper for the pro-
Su&inn of Light from fuch a body in fuch a me-
1401,

That the fmaller Globules, which adhered to the
Glafs, and whofe weight were not fufficient to caufe
their defcent, remain’d opake; for (in this, as well
as all other Mercurial Experiments) no Light isto
be obtain’d without Motion.

That the very fame Motion as this was in Vacuo,
given to the fame Mercurial Globules in Common
Air, will not produce the fame Effe&: Which I
try’d, by condenfing Air ftrongly on the Surface of
Mercury, and fo forcing that Mercury thro’ Lea-
ther. |
The Refult of all which Obfervations put toge-
ther, is, "That & pecaliar Figure and Motion of Parts,
as well as a proper Medinm ﬁr thofe Motions to be per-
form’d in, are requifite to the Produltion of the Mercu-

rial Phofphorus.

'Having fince repeated this Experiment, and that
with a greater quantity of Mercury ; I have obferv’d

- fame particular Appearances in if, {o remarkable
and
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‘and furprizing, that I thought I ought not to pafs
em by in filence.

-1 made ufe of a quantity of Mercury, about
great again as what I us’d before, wiz. near upon
three pounds: And now the defcending Mercury
did not only appear like a Showre of Fire, (which
it did at the firft Trial ) but alfo the Light darced
thick from the Crown of the included Glafs, like
Flafbes of Lightning, of a very pale colour, and eafi-
ly diftinguifhable from the reft of the Light pro-
duc’d. Thefe Flafthes I have obferv’d to be darted,
fometimes Horizontally, fometimes inclining upwards,
at other times downwards, And befides this diffe-
rence with refpet to the manuer of the Reverberation
of the Flafhes, there was another thing obfervable
with refpeét to the Quarter from whence they were
fo reverberated ; for they would be thrown not on-
~ ly from the ‘ncluded Glals, but fometimes alfo from
the fzcluding Receiver: And I have fometimes
feen them rebound ifito Figures o very odd and
furprizing, that I have no Idea of any thing that
can‘{ferve for a jult Comparifon with ’em. But
this is certain as to thefe ftrange Flafhes, that they
have fometimes feemingly proceeded divectly from the
Stream of Quickfilver, (as it defcended from the
Funnel ) before ever it reach’d the included Glafs; and.
that their general Courfe is, to fly to. the frae of the
outward Recetver, where the Light breaks, and fpreads
it felf into thefe odd forms. This is what they
moft frequently do: But if they take their original
from the [ide c-)! the Recerver, (as I have {fometimes
obferv’d ) then their Courfe is different.
~Laftly, It'deferves notice alfo, that during all the
time of the Mercury’s defcent thro’ the Funnel,
Cwhich was-at leaft ‘two mizgites,) the Crown of fthe

; Iil-
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sncluded Glafs appear’d to be [enfibly more enlighten’d
than all the reft of the parts of 1t : And this Light

was uniform, and without any alteration, aslong as.
the Quickfilver kept running.

ExrerivmeEnT I

N the *foregoing Experiments, we have feen the

Prodution of the Mercurial Phofphorus, in the -
fine and much-rarefied Medium of a Vacuum ; by
which ’tis plain, that fuch a Medium as that, is-
accommodate to, the Nature of this Phenomenon,.
and will ferve for the exhibition of it: But we can.
by no means infer from thence, that no other Me-
dium will do; or, that Light, which may be pro--
duc’d in the rarefied Medium of a Vacwum, may not
alfo be produc’d in a Medium lefs thin and rare
than that. To bring this matter therefore to a de-
termination, ( viz. whether {o thin a Medium as a
Vacuum, or the neareft approach to it, be abfolutely
neceffary to.the production of fuch a Light, as is.
difcoverable in the Barometer by putting the Mer--
cury in motion,) I proceeded after the following
manner: '

The Mercurial Gage (an Infirument now univer-
fally known ) I concluded would be the moft proper
Infﬁ'ument for this Difcovery. Havin therefgre--
plac’d a fmall Receiver upon the Plate ﬂfg the Pump,
the Air was exhaufted from it, till the Mercury in
the Gage was elevated to 294 inches; then fuffering
fome Air to enter the Receiver by the (Cock, the
Mercury in the Gage defeended, and made feve{ra__l

1=
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Vibrations before it reduc’d it felf to a ftate of reft 3
and the Mercury having no other motion imprefs’d
upon it in all thefe Vibrations, but barely that
which the Air caus’d by its entrance, the Mercury
all this time, tho’ it did appear luminous, yer ap-
pear’d {o only in the Defcents, and not in the Afceats:
But when the Mercury came to be broken and
divided by a violent agitation and fhaking, then
the broken parts appear’d lwminons in fome part
of their Superficies, the other parr always being
opake ; and that after this manner: The wwndermoft
Superficies of the Mercurial Globules in their Afcent
became concave, and there they were luminous ; but
the #ppermoff Superficies of the fame Globules, in
their Defeent, became concave, and there likewife /z-
minons: But the wppermoft Superficies in the Afcent,
which were convex; and the lowermoft Superficies in
the Defcent, which were alfo convex, in both cafes
‘gave no Light at all, but continued always opatke.
And thus the Appearance continued upon every ad-
miffion of Air, till near half the quantity that was
exhaufted was return’d again: But after that quan-
tity of Air was admitted, then no manner of Light
would enfue, tho’ the Mercury had the fame mo-
tion given it as before.

From this Experiment therefore we may draw
the following Conclufion, viz. That tho® the Merca-
rial Phofphorus iz the Torricellian Experiment is ot
produccable in (o denfe a Medium as common Air, yet it
by no means requires o thin and [o-much-rarefied a Me-
dium as that which makes a near approach to a Vacuity.
And this Truth receives a further Confirmation by
the following

Cze ExPERI-
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ExrperiMEnT IV.

Provided fome Quickfilver, very fine, and free

from the leaft appearance of foil on its furface:

'The Glafs alfo which contain’d it, was made very

clean and dry. T included this Glafs with its Mer-

sec Fig.ocury in a Receiver on the Plate of the Pump, and

Plate UL exhaufted the Air, till I found the Mercury in the,

Gage ftanding at 28 inches, and not above, (the

Mercury in the Barometer at the fame. time being

at 293 inches.) At this elevation of the Mercury

in the Gage, the Pump was fhaken, and by that

means the Quickfilver in the included Glafs was put:

into motion, The Effeit of this Concuflion was the

appearance of a Light, bright enough to render the Re-

ceiver and the included Glafs plainly vifible and

diftinguifhable ; and not only {o, but a Man’s Hands

and Fingers on the outfide might eafily be difcern’d

likewife. This was the Principal Matter of Fa&:

enquir’d after by the Experiment; but I obferv’d,
farther

That tho’ the Light .might be produc’d by a fmall
agitation of the Mercury, yet that Light would be,
encreas’d by a greater and {tronger agitation.

That when a pretty. brisk motion was given to.
the Mercury, it would give the reprefentation of
Waves of Light, breaking on the fides of the Glafs,.
and {cattering {fome Species of the {fame appearance,
towards the upper part of it..

That upon the repetition of the Experiment, the
Phofphorus {eem’d each time more vivid than the,
ather ; till at laft, by often {haking the Quickfilver,

115,
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its Surface became fomething foil’d, and fo the Light
lefs than it had been before, :

That (in-this, as well as all other Experiments-
on the Mercurial Phofphorus,) the Light exhibited is-
of a very pale colour.

That the firft appearance of the Light, is when
about half .the Air contain’d in the Receiver is ex=
haufted ; and, That it {till encreafes- with the en-
creafing Rarefaltion of the Medium.

From this Account it appears, that the former
Conclufion is again confirm’d, wviz. That there needs
not the neareft approach to a Vacuum, to produce the Mer<
curial. Phofphorus, |

And thefe: two laft Experiments. put together,
irpa(li:c up the fulleft' Proof of it that can be de-

’d.

For in one of ’em the Air was let in:upon the Mer-
cury plac’d in the exhaufted Receiver, and a Light
was produc’d that way : In the other, the Air was.
not totally remov’d from the Mercury, and a Light was'
. produc’d that way alfo.. Now there can be no
third way; and therefore ’tis univerfally true, that
the moft rarefied Medium is not neceffary to the prodwition.
of this Phenomenon. .

Expeni«
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ExpPERIMENT 4

He Experiments hitherto related, have difcos
ver’d what Mercurial Lights may be pro-
duc’d, either in Vacuo, or in Mediams making {ome
approach thereto, But the following one will fhew
what Light is produceable in a Medium very diffe-
rent from either of the former. 3

In order to this, I took a Glafs Globe, (whofe Con-
tent was about 30 ounces of Water ;) and having put
into it near half a pound of Pure Quickfilver, I
‘clos’d the Mouth of it with a Brafs Cap, which had
a Coskiinferted in the middle of it, by which means
the Mercury had a free communication with the
external Air : This done, the Globe was fhook,and
the Particles of Li%ht' prefently appear’d in great
plenty ; they were of the bignefs of fmall Pins heads,
very bright and vivid, {parkling like little diminu-
tive Stars in the Laifes, and exhibitingall together
fuch a whitifh appearance as thofe Stars do. Their
number would encreafe, according to the rapidity of

the motion given the Globe ; {o that by proportionin
the agitation, one might produce a greater or lefs

number of thefe {mall Luminaries. |
Having carried the Experiment thus far; T took
the fame Glafs Globe, with the fame Mercury in-
cluded in it, and applied it to the Pamp, (by the
~ help of a hollow Brafs Pipe, which fcrew’d both to
rorgs-the Cock and Pump;) and then the Air being ex-
: ‘haufted, and the Cock turn’d to prevent its ingrefs,
the Globe was taken off, and moderately fhaken.
And now the Phenomenon was quite alter’d ; for the
Mercury appear’d luminous all round : It did not
now
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now.difcover (as before) a Congeries of little, bright,.
twinklin%( Sparks, but a continued Circle of Light,
which lafted all the time of the agitation. And if
that motion were checl’d with another of greater
violence, it would then appear luminous almoft all
over the Globe. This being try’d, the Air was ad-
mitted again into the Cavity of the Globe, and
then the Mode of Light return’d to its former ap-
pearance: The continued Circle of Light was loft,
(neither could it be recover’d again by any fha-
king whatfoever,) and the little Stars return’d fpark--
ling as before..

“ From what has here been related, we may in--
I,

Firff, 'That Light is produceable by the agitation of
Mercury in the open Air..

Secondly, ‘That this Light produceable in the open Air,.
i very different from that produc’d in Vacuo, or amuch-
rarefied Medium.
 Thirdly, That the difference between thefe Lights, con-

(ifts particularly in this, that the luminons Particles are
Difltinet nd (epavate i» the one, and united or blenden:
into one continued body of Light in the other.

Fourthly, That the Prefence and Aétion of the dir is
the canfe of the [eparation of the parts of the Mercury into
fo many diftinit luminons Globules, which in¥acuo form’d.
all one continued Circle,

And from hence it appears, that the Accounts gi-
ven in this Experiment are not at all contradicto-
ry to any of the former, about the Mercurial Phof-
phorus 5 for there 1 {peak of one kind of Light, and
vere of another. That Light which is produ;d in

ACHO, .
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Vaeuo,” or a very-much-rarefied Medium, is not the
fame with this produc’d in the open Air : And
therefore when I fay, that the Mercarial Phofphorus -
is not produceable, but in a Medium-{o or 1‘({ ua-
lified, it ought to be obferv’d, that I fpeak there
concerning a Light of .the fame kind and quality
with that difcover’d upon the agitation of the Mer-
cury in the Barometer; for that, is vaftly different
from #his which appears upon the fhaking of .the
-Mercury in the open Air.

SEALT.
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An Account of [everal Experiments made con-
cerning the Attration of Bodres, in various Me-
divims. :

The Defcription of the Machine for giving a [wift Mo-
tion to Bodies in Nacuo, without admitting the Exter-
nal Air ;, reprefented by Plate 11,

A Defcription of the Air-Pump ( Fig.1.) being before gi-
~ven, I fhall forbear taking any further notice of it, faving
what immediately relates to the following Experiments.

A A A A YSa Ladder, fuch as is generally us’d
in Houfes.

B B Is a Bar of Iron, which paffes through the
middle of the upper Step, and is faften’d to the Back-
board of the Ladder by two Nuts and Screws thro’
- both the Board and Iron.

C C the Jaws of the Iron Frame which holds the
great Wheel D D, of 23 inches diameter within its
Groove.

E E the Brafs Plate of the Air-Pump, on which
the Reciﬁient ffis plac’d. ;

g g The Spindle, to which Bodies of different
magnitudes may be faften’d, by a hole paffing thii;:)‘

D the .
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the middle of them, fufficient to receive the Spin-
dle; and by means of the two Nuts h h,a larger or
a fmaller Body may be {crew’d faft on. ._

ii Is aBrafs Plate turn’d true to the ground Edge
of the Recipient on which it is plac’d, having a Brafs
Box in the middle of it, which is full of Collars of
Leather well oyl’d, thro’ which the Spindle paffes;
the hole of the Brafs being likewife juft fit to re-
ceive it. \

kk k k TwoPillars, with Nuts to fcrew down a
piece of Board, which has an Iron faften’d to it to
receive the upper point of the Spindle; the lower
one falling into a Brafs Socket, fcrew’d to the middle
of the Plate of the Air-Pump.

L L 'L The Supporters,'reaching from the upper
Board of the Ladder to the Pillars, to prevent the Re-
cipient’s being drawn from its Place by the motion
and tugg of the Wheel-band.

- m m The{mall Wheel, which the Band from the
great one furrounds, and is oneinch and half diameter.

N N The Winch which gives motion to the whole ;
the fmall Wheel m m making about fifteen Revolu-
‘tions to one of the large Wheel D D ; fo that a Body
faften’d to the Spindle g g, of the {mall Wheel m m,
will beturn’d fifteen times round to onceof the great
‘Wheel: Andaccording as that fhall exceed in diameter
the {fmall Wheel, fo will the Velocity of the Motion of
the extreme Parts be proportionably encreas’d.

0000 A ftrong Board reaching from the lower Jaw
of the Machine to the Ground, for the {upport, or gi-
ving a fteddy motion to the great Wheel.

p p Aretwo Screws, which faften the Ladder to

the Floor. -

ExpERI-
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ExrEriMENT L

Concerning the Attrition of Amber oz Woollen
wm Vacuo.

Took fome Amber Beads, of the bignefs of fmali
Nutmegs ; and having pafs’d a Thread through
’em, apply’d ’em by that means to a circular piece
of Wood, which was tar»’d with a Groove on the
dge of it, on purpofe to keep the Beads from being
difplac’d by the fmart Fritien they were to endure.
Likewife, for their better {ecurity and faftnefs, there
. were {fo many Pins, or pieces of {mall Wire, driven
. thro’ the Wood ; and between every Bead there was
. aString ty’d over from Piz to Piz; the Beads, at
| the fame time, ftanding out by the {pace of their
Semidiameters :beyond the body of the Wood into
which they ‘were ix’d.
. In this manner was the whole put upon the Spix-
. dle, and made faf} there by the two Nats, (as was
exprefs’d before in the Defcription of the Machine :)
Then the Brafs Plate, on which the Wooller was
wrapt, being fcrew’d to its place, ( by means of %y
the Socket, which receives the lower Point of the
Spindle;) would {fpring back, and grafp the Amber
with a moderate force. Thefe things thus prepar’d, 5 Fig.2
the Receiver was plac’d over them all together, with =" ™
its upper Plate and Box for the Spindle to pafs thro’:
The Pump then being fet to work, the Mercury in
the Gage was ina very little time elevated to about
291 inches ; which fhew’d thE Receiver to be well
2 ex-
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exhaufted. And now the great Wheel of the Ma-
chine being turn’d, the Amber had a very fmart
Attrition on the Woollen. At firft, nothing remar-
kable appear’d ; but, in the fpace of a Second or two
of time, therewas z Light which became [enfible enongh :
For where-ever the Attrition of the Amber was
made ; while the Motion went on, there, and at all
times, did the Light continue without intermiffion,
and might be dicern’d at three or four foot di-
ftance. Indeed it would not continue, if the Am-
ber did any way defert the Woollen, notwithftand-
ing the exceeding Velocity of the motion : But where
the Attrition was uninterrupted, the appearance of
the Light was fo too, and propagated it felf to that-
diftance I have mention’d. And how {wift the Mo-
tion was, which was given in order to the produ-.
Etion of this Phenomenon, may be eftimated from the -
Diameters of the feveral Revolving Parts; for the
Diameter of the great Wheel was 23 inches; that
of the {mall one mov’d by it, was 1%; that of the
Wood and Amber on the fame Spindle with the
fmall Wheel, was 4:. Now, fuppofling the great-
Wheel to make two Revolutions in a Secozd, I think
it follows, that the Velocity of the Extreme Parts.
of the Amber muft be at the rate of a Milein three
minutes. And this violent Motion (as it may well
be expeted) was attended with Heat alfo, and
fuch as difcover’d it felt by plain and fenfible marks ;
for the Amber ( befides what the Touch difcover’d)
appear’d manifeftly to be burnt and crack'd; and
the Woollen was not only difcolour’d, but perfettly.
{corch’d, by the intenfe Heat,

I will conclude the Account of this Experiment
with this one Remark, relating to the Light pro-
duc’d by this Attrition: viz. That tho’ the fame

5 Mo-
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Motion and Fri&ion was given the Amber in the
Open . Air as in the Vacwo, yetin the former cafe
the Light was very fmall and faint, in comparifon. of
what it wasin the latter.

By this Experiment therefore we learn,
1. That Light is produceable in Vacuo, by the Frittion

of a folid Body (as Amber) againft & Body of a foft and

yielding nature, ( [uch: as Woollen.)

2. That this is not a meer lambent Fire, but [uch as és
accompanied with a great Heat,

3. That this Light depends [o immediately on the At-
trition, s to difappear where that ceafes.

4. That it requires a very thin and rare Medium, in or-
der tq its Appearance : And the thinner the Medium, the

| greater the Appearance.

ExeerimeEnT I

Concerning the Attrition of Flint and Steel
- m- Vacuo.

diameter, and # of an inch thick, I fixXd it -
etween two pieces of Wood  (of a lefs diameter)
on the Spizdle with the Nuts, as in the ’foregoing
Experiment ; the Edge of the Ring ftanding out be--
ond the Extremity of the Wood which held it, a-
out half an inch. 'The Brafs Plate ( which 1 made.
ufe of for faftening the Wadllen for the Attrition of
the Amber) ferv’d here alfo to fix a Piece of Flint,

an Edge or Corner of which was placed towards the.
' -Steel :

HAving provided a Steel Ring about 4 inches
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‘Steel « And this Brafs'Plate, by vertue of itsSpring,
would hold the Flint pretty ftrongly to the Steel,
notwithftanding fome parts of it might be worn or
chipp’d off by the rapidity of the motion: And in
this manner ’twas cover’d with a Receiver, a Brafs
Plare and Box (as the former was).-

‘Before any Air at all was exhaufted, the great Wheel
was turn’d, which gave a motion to the {mall one,
and confequently to the Steel; and by its collifion
with the Flint, there were Sparks of Fire produc’d
in great plenty: But after fome Air had been with-
drawn, and the motion given, as before ; the Sparks
which then appear’d, were neither f{o numerous as
before, nor {o bright and lively. And as more and
more . Air was ftill drawn out of the Receiver, fo
this Change in the Sparks produc’d, became more
and more manifeft. At every flop made, to repeat
the Experiment in an higher degree of Rarefaition, 1
tound the Sparks ftill to diminifh,  both in theit
Luftre and their Quantity ; till at laft, when the Re-
ceiver came to be wel exhaufted of Air, there was
not one Spark to be feen, tho’ a much-greater motion
was given than before, and confequently a more
ftrong and valid collifion of the Flint and Steel. All
the Appearance in this cafe was, only a fainz, conti-
nued, little Streak of Liaht, vifible on the edge of the-
‘Flint that was rubb’d by the Steel. -

This being try’d, there was then fome Air let jn- |
to the Receiver, upon which (the motion being gi- .
ven as before) fome Sparks were difcover’d, but of
a dull gloomy hue : Upon the letting in a little more
Air, by I know not what accident, the whole quan-
tity of Air-forc’d it felf in, and then the Wheel be-
ing fet to work again, the Sparks appear’d as numerons .
and as vivid as at firft,

The
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-+ The Conclufion therefore from this' Experiment is; .

That the Air’s Prefence is abfolutely neceffary to that wi-.
gorous expanfive Motion of the Parts of Bodies, wherein
the Nature of Culinary Fire confifts.

Qu. Whether the Light vifible on the edge of the -
Flint, when the Receiver was well exhaufted, was
not of the fame (lambent) kind with other Lights
produc’d by the Frittion of certain Bodies, of which
mention is made in fome of our Experiments?

EX.PERIIMENT I1I.

“Concerning the Attrition of Glafs, and various
oiher Bodies, m Vacuo.

1. Concerning the Attrition of Glafs and Woollen.

Took a Glafs Globe of about 4 inches diameter,
having a Paflage thro’ the middle of it to re-
ceive the Spindle, which was faften’d to it with
Corks and Screws.  The Woollen againft which the
Fri¢tion was to be made, was the coarfeft fort of
that which is commonly us’d for Gartering, which
I chofe purpofely on the account of its harfhnefs,
as being likely to improve the Phenomenon to a
higher degree than the Cloth-Liff 1 had us’d before.
This was wrapt about the Arms of the Brafs Spring,
and being fcrew’d down to its place, gentlyb El.’];l&
; rac
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-brac’d the Globe: Then a large Recerver was put
over all,.and the Pu«mp being fet to work, in a lit-
tle time the Air was exhaufted out of the Receiver.
The great Wheel being then turn’d, gave filteen
Revolutions to the included Globe, at each of its
own : “Which fwift Motion giving a- Tmart Attrition
on the Woollen, quickly praduc’f a beautiful Pheno-
menon, viz, a fine parple Light, and vsvid to that
degree, that all the included Apparatns was eafily
and diftinétly difcernable by the help of it. And
thus it continued while the Friftion lafted.

Upon the letting iz a little Air, the Light and the
Colowr were both chang’d ; the Light impair’d in
its Brightnefs, and the Colour in its Téfure. And
as the Air, at feveral times, was fuffer’d to return
into the Receiver again, fo did the Light ftill be-
come more: pale and faint; tho’ even when the Re-
ceiver was quite fill'd with Air, fome feeble Lighs
would fiill dzﬁawr it [elf, upon the fame Attrition
given as at firft.

I found, that this Purple Light was wvifible no where,
but only on the Arms of the Brafs Spring, where the
Glafs in its motion rubb’d upon the Woollen; and,
that the Dimenfions of it were about half an inch
in breadth, and one inch in height: And farther,
That it did all the while remain fteddy in its pofi-
tion, without any the leaft Undulation, tho’the me-
tion of the Glafs was{o confiderably fwift,

Some
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Some Varieties occurring in the Experiment laft men-
tion’d, at variows Irials,

When this Experiment came to be repeated two -
or three times, with the fame Glafs; no Purple Light
would appear, but a Pale one only fucceeded in its
room ; neither could T recover the Purple with that
ﬁ{?{ne Glafs, by any methods whatfoever that I could
ufe.

When I took a frefb Glafs ; after I had made ufe
of it (this way) two or three times, the Purplewas
loft again, and could not be retriev’d. And ifa new
one were us’d, the Effe& would {till be the fame.

Sometimes, if the Glafs were taken out after a
violent attrition, ¢ would be fo hot, as [enfibly to offend
the Hand that held it: And the Woollen would ap-
pear not only difcolour’d, but perfetly burnt through.

Sometimes the Light would not be confin’d to
thofe firi& Bounds already mention’d, but would be
[pread quite round the Globe, and make an entire conti-
nued Circle, all the time of the motion; notwith-
ftanding that it touch’d the Woollen in no more
parts, than it did in the former Experiment.

Sometimes a perfe&t diftin& Halo would appear,
fpreading it felf quite round the fixed Light. This
I attribute to fome Particles of Water, inflinuating
themfelves, by the Spindle, thro’ the Box on the
upper Brafs Plate (where Water is always kept, to
prevent the entrance of Air in that place:) For this
Water defcending along the Spizdle, till it reach’d
fome part whicE was of a greater extent, would
there (as I conceive) by the violence of the mo-
tion given, be thrown all about the Recesver in

E {fmall
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fmall drops; fome of which being very likely to
fall on the Woollen, would there be heated to a con-
fiderable degree by the attrition of the Glafs ; and
being confequent?_} evaporated, would appear there
in the form of a Halo, furrounding the Light. And
what confirms this Solution, is, That having fince
form’d a Contrivance to prevent the {cattering of
the Water, no fuch appearance of any Halo has
been obferv’d. But to proceed,.

In this Experiment I have fhewn the EffeGs of
the Attrition of Glafs on Ordinary Woollen 5 T would
now add an Experiment concerning the Attrition
of Glafs on Woollen [ome way prepar’d or qualified be-.
forehand.

I took fome of the ’foremention’d Lif of Cloath,
which had been drench’d in Spirit of Wine; and.
faften’d it to one Arm of the Brafs Spring : And
fome of the fame Liff, which had been fleep’d in,
Water impregnated with Salr-petre, I ty’d to the
other Arm of the faid Spring : But both pieces were.
well dry’d before I made ufe of ’em.

Then, upon the Attrition, I obferv’d the Light
to break from the agitated Glafs in a very odd
form, refembling that of Lightning. 'This is mani-
feftly different from the laft Phenomenon: For there
indeed we had a delicate Purple-coloar’d Light ; but
here, a brisk fulgurating Light, {cattering it. felf a-
bout in Flafhes, and darting with a force from the
furface of the revolving Glafs.

2- Cﬂﬂ*
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2. Concerning the Attrition of Glafs on Oyfter-{hells.

Inftead of the *formention’d Wooller, I made ufe
of two flat Oyffer<fbells, well dry’d: Each Arm of
the Brafs had one fix’d to it. Upon the ufual
motion given, a Light appear’d, refembling a fierce-
flaming Spark, juit upon that very fpot where the
Glafs and the Shells touch’d one another. This
Light did not dilate or extend it felf, but kept
within the bounds where it firft appear’d; and it
was but a {mall compafs that it appear’d in.

3. Concerning the Attrition of Oyfter-fhells on
Woollen,

The Succefs of this Trial was, that it produc’d a

Light, but an obfcure and dim one, and, at beft,
like a faint Halo,

4. Concerning the Attrition of Woollen on Woollen.

I took fome of the Liff formerly mention’d, and
bound it about the edge of a Wooden Wheel, which
I had caus’d to be twr#’d for that purpofe. This
Wheel (with its Rousd of Woollen) I faften’d on
the Spindle; and fome of the coarfe Gartering was
alfo put about the Brafs Spring. The Refult was,
that upon the motion given (as ufual,) a fmall glim-
mering Light appear’d, but fuch as gave no pro-
fpet of being anmy way improv’d by the continu-
ance of the motion : The Woollens were not in the

: E 2 leafl
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leaft dfaiaﬁr’d, tho’ the Frition was f{ometimes
more than moderate ; neither was there any fign at
all of fuch an Effe&, as hath been thewn to be pro-
duc’d by the Attrition of Woollen on other bodies:
The Light (which had been produc’d) totally difap-
pear’d upon the re-admiflion of lefs than a quarter
part of the Receiver’s natural content of Air, tha’
the Attrition made then was as great as it had been
at any time before. -

*Tis further to be obferv’d, that I could never
find, that the different Colours of Woollen contributed
any thing to the different Colours of Light, exhibited
in any of thefe Experiments.

The feveral Particulars of Fa& which we learn
from thefe Experiments, are reducible to the follow-
ing Heads.:

That a Purple Light was produc’d by the Attrition of
Glafs on Woollen (in Vacuo.) '

That the Purple Light decay'd, both as to its Tincture
and Vigour, wpon the admiffion of the Air; and did
smore and, more do [o, as more Air was let in.

That this Purple Light is loff, after two or three [uc-
celfive Trials with the [ame Glafs, . |

That the bounds to which the Purple Light confines it
felf, are of different and various extents; réaching: [ome-
times all round the Globe, awnd at other times be-
ing only about the place of the attrition ; bur fill
Steddy, and, without Undulation, :

That a brisk Fulgurating Light was produc’d by the
attvition of Glafsy on Woollen tmpregnated with f[aline and
fpirituans parts,

That a Red Fiery Light was produc’d upon the attri-
sion of Glafs on Oyfter-fbells, which Light was confin’d

within
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within a narrow compafs, and did mot [pread it [Elf far-
ther about,

That a faint dim Light was prodac’d, wupon the at-
trition of Woollen on Qyfter-[bells,

That a (mall glimmering: Light was produc’d, upon the
attrition of Woollen on Woollex ; which was not encreas’d
by the continuance of the Motiony. and which difappear’'d
upon a fmall admiffion of Air..

That in the attrition of Glafs ow Woollen, not only a
Light, bat allo a great Heat was produc’d , difcoverable
by the Glafs, and its Effects on the Woollen too..

And from thefe Obfervations we may make the:
following Remarks.

Bicft, That different [orts of Bodies afford” us remar-
kably-different Lights, different in Colour, and different
in Force and Vigour. 'This appears from the particu--
lar matfers of fa&t now fet down.

Secondly, That the Effeits of an- Attrition may be
variouns, according to the different preparation and ma-
nagement of the Bodies which are to endure it. Thus
the Woollen, tin&ur’d with Salts and Spirits, gave
fuclr;la Frittion, as produc’d quite a newfort of.
Light. B

g’ThiI‘dI}?, That Bodies which have yiclded s particular
Light, may be brought by Friition to yield no more of
that Light., - -

'This is plain, from the #range and [urprizing lofs
of the Purple Coloar, after two or three Trials made
with the fame Glafs; for that Parple could 'not be
recover’d by any Art or Means whatfoever. °

A Pale Light indeed was produceable from-the
. fame Glafs afterwards, but the Purple was irre-
_treivably Joft: Therefore the Purple-colour’d lumi-

-nous Matter muft either ve quite fpent. (that isy evapos
rated
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‘yated and carried off ) by 'the Attrition, or. elfe ‘the

Configuration and Texture of the Glafs underwent fuch
a change by that [dme Action, that it was no longer ca-
pable of admitting the Purple Light.

If the Caufe were from the Confumption of the Mat-
ter, then we may reafon thus; That that certain de-
terminate quantity of colour’d-luminous Marter, which is
lodg’d in fome Bodies, may, by a Courfe of repeated Attri
tions, be quite exhaufled and carried away.

Further ; becaufe a Pale Light is produceable af-
ter the other is gone, we may likewife upon the
fame Suppofition argue thus : That fome [orts of
colonr’d-luminous Matter are more eafily feparable froms
Bodies than others; or, That they require different de-
grees of Force and Frittion, in order to thewr evapora-
tion and difcharge,

And this is highly reafonable, fince the Parts of 3

differently-colour’d Lights are undoubtedly of 47ffe-

‘went magnitudes and bulks; and confequently, That

Force which may be fufficient to put fome of ’em
into wibratory expanfive motions, may not be fufficient
to produce the like Effects upon others.

n the other hand, if the lofs of the Purple was
owing to the alter’d Tone or Texture of the Glafs, then
the Conclufion will be, Thar Bodies may be fo chang’d
by proper degrees of Friction, as to retain fome fort of
colour’d-luminons Matter, which they did once emit (as
here the Purple;) and to emit another fort, which they
did at firft retain; (as in our Cafe the Pale Light.)

Now, in favour of the laster of thefe two (and,
as I take it, the only two poffible) Caufes, it may
be alledg’d, That the next Experiment will prove
to us a Diminution of Light, or a Decay of its Force
and Colour, confequent upon an Attrition.  But then,
as we fhall fee, thofe Bodies are both Asard and i»-

flexible,
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flexible, fuch as, by rubbing, would wear and alter-
one another’s Texture : And befides, the Phenome-
non there, is only a diminution or decay of the Strength
.and Luftre of a Colour ; a meer gradual alteration of
~ the fame Colour, not the production of a #ew and
different one. On the contrary, in this Phenomenon
now before us, one Colour is /oi#, and a very diffe-
rent one appears in its room : And the Attrition
here us’d, was that of a fofr and yielding Body a~
- gainft'a hard and inflexible one ; fo that the mear-
ing of the Parts, and the deftruttion of their Spring-
or Toze confequent thereupon, is not here fo eafily
~ conceivable. However, upon the whole, I fhall leave
it as.a - -

Query. Whether the lofs of the Purple Colour be
owing to the Confumption or the Retention of the.

matter °

ExpERI-
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ExereriMment IV.

: Concerning the Atm'ﬁm-qf Glafs on Glafs.

Fitft, In Vacuo.

Took a Glafs Globe about three inches in diame-
ter, which I fixX’d to the Spindle; and to the
two Arms of the Brafs Spring were ty'd two flips of
thin Bocrd, which had pieces of a Glafs Tube faften’d
to ’em, by the means of fome fmall Neal’d Wires
which were put thro’ their cavities. = Thefe Wires
likewife pafs’d thro’ fome holes in the Board, made
for that purpofe; and fo kept the pieces of Tube
firm and tight in their places. All tﬁ‘is was cover’d
with a large Recezver (as ufual); and the Pamp be-
ing wrought, the Air was exhaufted.
The great Wheel then being turn’d, a fwift mo-
tion was given to the included Globe; and by the

friCtion of this on the ’foremention’d Tubes, a confi-_

derable Light was produc’d. 'The whole included Ap-
paratus was perfectly difcernible by it ; and the Illu-
mination had been much greater, had not the Day-
light prevented. ( For it was then but a little paft
Five P. M. in the Month of February, the Horizon
being clear, and the Room open wherein the Expe-
riment was made.) The Colozr of the Light pro-
duc’d, refembled that of melted Glafs : "And, which
is very remarkable, this glowing Colour did not
appear only jult upen the Parts where the Friition
was made, but alfo at the Extremities of the Tubes,
where the Globe did not touch ’em.

_ Secondly,

|

‘1
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Secondly, Tn lefi-ravefied and Common Air.

T HE Air being fuffer’d to enter the Receiver

by degrees, and at feveral times, the Motion

was given at each of thofe Ingreffes of the Air : And
the'Phenomenon here obferv’d was, that o fenfible

decay of Light or Colour was to be difcover’d, at any of
thofe times: Except only that at [aft, when the
"Tubes by much rubbing were worn, and confequent-
ly their Spring leffen’d and impair’d, then indeed the

Light would be diminifh’d, in proportion to the

abatement of their force on the moving body. And
thisT have often obferv’d, when the motion has been

‘made for fome time in Vacwo, or in Common Air.

So that I queftion not, but if the Experiment had
been begun where it ended, (iz this Trial,) the lefler
Light would then have been exhibited in Vacuo.

1at is, had the Experiment been made, even in
Vacuo, with Tubes thus rubb’d and worn, and confe-
quently their Spring weaken’d, a lefs Light would

‘have been produc’d, than if the Experiment had been

made in Pleno, with Tubes not thus weaken’d and im-
pair’d by the attrition.)

NB. T have fince tried this fame Experiment
in Vacuo, and that about Neon, ina clear day. And
1 found, that the Light was even then as fenfible, as
that of a piece of Red-hot Glafs, of the fame big-
nefs, would have been in the open Air. Yet this ap-
pearance, as difcernible as ’tis, consinues not any lon-
ger than the motion is continuea,

B By
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By this Experiment we learn,

Firlt, That a confiderable Light is produceable by rb'e.

Attrition of Glafs on Glafs, (that is, of fome forts of
hard Bodies, on others of the fame kind) 2z Vacuo.
Secondly, That this Light continues unalter’d upon the
admiffion of Air. :
Coroll. We may fée the difference therefore between this
Light here produc’d, and tha]é mention’d in other Experi-

ments :For this endur’d without change the fhock -

of the returning Air; whereas moft or all of thofe
formerly recited, underwent feveral gradual altera-
tions, according to the degrees of the Air’s admiffion.
Thirdly, That whenthe Tubes were worn by the Friéti-
n, there was an abatement of the Light : and the more
wearing, the more abatement. i :
- Coroll. We may [ee from hence, how muchthe due Spring

and Tone of the Payts contributes to the emiffion of Light,

in thofe Bodies which will emit ir.  So that we may
reafonably believein general; that wery great alterat:-
ons may be wrought in Bodies as to their Luminons qualities

and properties, cither leflening and d{ﬁr@iﬂg them on one. '

hand, or perhaps encreafing and improving them on the

other by the ailions of ‘other contiguous Bodies nupon them,

. e S, s
according as thofe altions tend, either to the weakning or

mﬂﬁrmifzg the Spring and Tone ﬁf thetr Parts.

I have only two Obfervations to 'make'farther-,_

with regard to this Experiment. &, _
Firft, That the Glaze or Polifb on the furfate of a
Glafs, adds nothing tothe Light, as far as'I can find by
any Obfervation. ; i, '
Secondly, "Fhat tho>this Colour be like that of red-
‘hot or melted Glafs ; yet the Glafs. isnot really in fuch
aflate as to-be red-hot,” becaufe this Coloar never out-
lives the motion,but is gone prefently upon the ceafing
ef it; (as has always been obferv’d, in the darkeft
| Night :)

o
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Night ;) whereas if ’twere really red-hot with the
motion, the appearance.muft neceffarily:be prefer’d
for fome [mall time, atleait, 8 ey

ExperiMENT V.

| Concernang the Attrition of Glafs on Glat‘s,. P
under Water. |

H1IS is no more than a Repetition of the laft
' Experiment in another Medium ; for the whole
Apparatus (there mention’d) was now entirely, img
mers’d inWarer. Upon the hirft Friction of the Globe
on the Tubes, a pretty brisk Light was produc’d, which
inlighten’d the whole Body of the Water., Theparts
of the Tubes, where the Friftion was made, were diftin-.
uifhably Red; but: the -appearance foon began to
iffm, and in no long time. gﬂfre died awsy. -Forthe
Water grew thick and turbid; by the Grit or Powder
of the G%aﬁ'e&, which was worn off by the Aszrition,
It approach’d continually nearer and nearer to the
Colour of Whey, {o that the Light could be -but
jult difcover’d, as glimmering through the body of
it; and that not continually neither, but with interrap-
tion, and like faint Flafbes {fent out at a diftance,. Tho’
at fome other trials, I have obferv’d the Light to be:
more confiderable than it wasat this time,
The Dauft rubb’d off by the Attrition of the Glafles,
I view’d thro’ a good Microfcope ;, the Particles of it
appear’d to be of a long and {lender figure, but I
cou’d not dilcover the leaft fign of their having been
any way in Fafion or melted. \
' | s We
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We fee therefore, that Light is produceable by
the Attrition of Glafs on Glafs ; not only in Yacuo,and’
Common Air, but alfo in Water too. And hence ’tis
evident further, that the Glaffes are not heated red-

hot by the Attrition ; whatever fuch refemblance the

Colour carriesalong with it.

An Experiment concerning the Produition of a confidera-
ble Light, upon a flight Attrition of a Glafs Globe ex- -
haufted of its Air.

~ Took a Glafs'Globe of about g inches diameter,and
. exhauftedthe Airoutof it; then (having turn’d:
a Cock, which prevented the return of the Air) I took
it from the Pri\m;f. The Globe being thus fecur’d, I’
fix’d it to a Machine, which gave it a {wift Mo-
tion with its Axis perpendicular to the Horizon :
and then applying my naked Hand (expanded )
to the furface of it, the refult was, That in a
very little time a confiderable Light was produc’d.
And as I mov’d my Hand from one place to ano-.
ther (that the moift Efffuvia, which very readily
condenfe on the Glafs, might, as nearas I could, be
thrown off from every part of it,) by this means the
Light improv’d ; and {o continued to increafe, till
words in Capital Letters became legible by it: (as
has been. obférved by Speltators.) Nay, I have
found the Light produc’d tobe o great, tKatalargc.-.
Print might without much difficulty be read by it :.
and-at the fame time, the Room, which was large
and wide, became fenfibly enlightned, and the Wall
was vifible at the remoteft diftance, which’ was at
leaft 1o Foot. The Light was of a curious Purple
Colour,,

o . 2
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Colour , and was produc’d’ by a very. flender touch
of the Hand ; the Globe at the fame time being {carce
fenfibly warm : neither-could I ever find; that a more:
- violent Attrition did contribute any thing to the en-
creafeof the Light..

Now after this Attrition of the exhaufted Globe:
had been continued for fome time, the Cock was
turn’d, which gave liberty to the Air to enter
- into the Globe through the Joynts of the Scretws ;-
- the motion of the great Wheel, and the application
of the Hand; continuing all the while as before.
~ Then I obferv’d, that-as the Cavity of the Globe
became more and more replenifh’d with Air, fothe
- mode of the Light continued to alser, tillthe fame
- quantity of Air was re-adnitted, as had been ex-
- haufted. And when fuch a quant};y- Was once en--
- ter’d, there was then as great a difference between

that Light and the -Li%ht: produc’d when :the Globe :
- wasempty of Air, as between the Lights produc’d
- from Mercury, when the Experiment was made in-
Vacwo and the open Air. Forif a -Man touch’d the -
| Globe with his Fingers, there were. {pecks of Light -
| (tho’ without any great Luftre) feen to adhere to
- them: Nay, while my Hand continued upon the
. Glafs, (the-Glafs being in motion,) if any Perfonap-

- proach’d liis-Fin%ers. towards any part of it inthe
' fame Horizontal Plane with my Hand, a Light would .
~ be feen to ftick to ’em, at the diftance of an inch or
thereabouts, without their touching the Glafs at all ;-
as was confirm’d by feveral then prefent.  And ’twas .
| obferv’d alfo, that my Neckcloth, at the fame time, ap -
| an inch or two diftance from the Globe, appear’d of*
a fiery Colour, without any Commuumnication of Light =
| from the Globe.

| - This
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This was the Event of this Experiment, at the
fixft time of making it ; in which cafe the Air was
let into thé exhaufted Globe all ar once.

But at the fecond time of making this Experiment
the Air 'was not all let in at once (as before,) but
graduallyy, and ar feveral times; by which means the:
Modes of Light produc’d in the feveral different
Mediums was the better obfervable : 'Tho’ it muft
be own’d, that here was no great alteration of the
Light, either as to its Vigour.or Colour, till fo con-
fiderable a quantity of Air was let in, as amount-
ed to more than one quarter part of the Globe’s
natural Content., But many ‘times, before half its
‘Content. (as near as I could guefs) was let in, the
Light began to branch it felf into pleafant Figures,
from that fide of the Globe touch’d by the Hand ;
fo that the whole body of the Glébe was . fill’d
with thefe fing Appearances. And as more Air
was admitted, fo tlie Stems of thefe Branches of
Light became more and more flender and minute,

ftriking then alfo’ againft the oppofite fide of the =

Glafs, and rebounding from thence in a manner
very furprizing, apd delightful to behold ; till at .
length, more Air fill being let in, the Light and-
the Figures both diminifh’d, and continued {o to do,
1ill the Appearance became the fame as was related
at the conclufion of the firft Trial.. |
I would 'enly- note here, That what difference
foever there was, as to the latter parts of thefe
two Trials, the former parts of both were alike;
except only, that in the fecond Trial, ipon the ap-
plication of a piece of white Sheeps-leather, a good
Light was produc’d while ’twas held to the Globe
with the Wooll-fide next it; but when ’twas tur{l‘il:i
withh
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with the other fide to the Globe, tho’ it was con-
tinued thus expos’d for fome time, yet no Light
appeat’d : But then turn it again, and the fame
Light would appear asat firft.  And thus it happen’d’
upon feveral times repeating the fame, '

Having taken notice (in the Experiment now
recited) that the higheft degree of Rarefaition of the
Air in the Globe, is by no means neceffary to the pro-
| “dultion of this Light, fince it would be very liftle lef--
Jen’d, either as to Vigour or Colour, till ( perhaps ) more
than one fourth part of the Air was let s : 1 would
add further, That T have often obferv'd the fame
thing, as to the Light produc’d in the Mercarial
Experiments; tho” the Colour indeed was not the
fame, for in thofe Experiments it was always pale..
. And fince in thofe Experiments with Mercury, there-

is fuch a {feeming congruity of Appearances, in all
circumf{tances, with thofe made on the Attrition of
Glafs without it ; one might conje&ture with fome-
probability, that the Light produc’d proceeds from-
fome Quality in the Glafs, (upon {uch a Friltion
or Motion given it,) and not from the Mercury
| upon any other account, than only as it is a pro-

per Body, which, by beating or rubbing on the
Glafs, produces the Light. And that which feems-
to back fuch a Conjelture, 15, that having rubb’d
«the upper or empty part of a Mercurial Barometer
between my Fingers, a Light follow’d upon-it with-
. out any motion of the Quickfilver. But notwith-
ftanding all this, the matter is doubtful ; and there-
may ( for all that we know) be a Luminous Qua-
lity in Mercury, as well as in Glafs or” other Bo--
dies ; which the following Experiment -( purpofely«

made) feems to counténance..
I-took.

-
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T took a fimall quantity of Quickfilver, and put
it into a Galley-pot, wherein Varnifh had often been
us’d, by which means the Pot was pretty well li-
ned with it. The Weather at that time was mozft,
which influenc’d the Varnifh fo far, as to.foften it
a little. -Now when this Galiey-pot, with its con-
-tain’d Mercury, came to be in Vacuo ; as foon as
the Pump was fhook, a Light appear’d : and this
without any concurrence of Glafs, or the affiftance
of a more proper and favourable Seafon. I purpofe-
ly mention the moifture of the Weather, becaufe a
lumid Air would {fometimes render the Experiment
unfuccefsful, even in Glafs, or at leaft take off very
much. from the Appearance of it. ! :

Farther; I am inform’d by feveral Perfons of
Credit, That Mercurins dulcis, it broken in the dark,
will yield notable Flafhes of Light. But fince the
Mercury 1n that Preparation is pointed with Salts,
(and each Globule of it confequently wrapt up in
the fame,) a Man can’t be fure that the Salts do
not contribute to the Phenomenon : For I have of-
ten obferv’d, that Loaf-fugar, when ftruck or bro-
ken in the dark, affords.a Light; and I can’t tell
but Salts, as clofely united in their parts as Sugar,
may, upon a violent feparation of ’em, do {o like-
wife : But this I intend to enquire into by fome
farther Trials, viz. " Firff, 1 defign to try whether
Mercurins delcis will afford any Light, when broken
in Vacug ; fince, if it proceeds from the Mercury,
and there be fuch a quality in that Body, ’tis highly
acafonable to expect it then, fo rare a Medium being
the moft proper to difcover it in. Secondly, What
the Salts will do without Mercury, both in the open
Air and in Vacuo ; for there are fome Bodies, which
appear luminous in the open Air, and yet totall

| lofe
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lofe that quality in Pacuo. As for inftance’; T took
a piece of Wood, (which I fuppofe had lain under-
ground a confiderable time,) very moift, but not
rotten. In the dark it appear’d very vividly
of the colour of Fire : But having inclos’d it in
a Receiver on the Pump, T found that as the Air
was withdrawn, the Fire-like appearance propor-
tionally decay’d; till at laft in Vacwo, it became per-
fettly void of Light; and then, as the Air was let
in again, fo it recover’dits firft brightnefs. ThisI
repeated feveral times with thelike f{uccefs.

But to return now to the Experiment. The mat-
ters of Fa& tobe obferv’d from thence, are reduci-
ble to the following Heads.

- The Produétion of 2 Light by the Friftion of the
Hand on the furface of the Exhaufted Globe.

The great improvement and encreafé of this Light, by
the motion of the Hand from one place to another.

The [lightnefs of the Friétion requifite to produce
this Light ; and its not encreafing by a more violen:
one.

The Alteration of the Light, upon the Re-admiffion of
the Air. : RO

The Continuance of that Alteration, as more and
more Air was admitted, _

The Light’s communicating it [elf to Bodies plac’d
.. mear sit, when the whole quantity of Air drawn out
was re-admitted. i

This, when the Air was let in al at once.

But when the Air was let in gradually ; then »o
great change of the Light, as to colour or wvigour, till
more then : of the Globes natural content of Air was
admitted.

G The
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The wonderful Figures, Branchings, and Rewerbe-
rations of the Light, as more Air was let in, till it
came to the bounds of a certain quantity of Air ad-
mitted, where the appearance was at the height.. .

" The g,.nzd;,;_aﬁ diminution both . of the L:;gfar. and Fi-
gures, (afterit was come to that limit,) upon the ad-
miflion of more and more Air.

|
'l

An Experiment concerning the EleChricity of ‘Glafs, dif-
covering it [elf in an extravrdinary manner, upona [mart

a

Attrition cgf it.

' Avini%] procured a Tube, ot hollow: Cylinder,

of fine Flint Glafs, about one inch diameter,
and thirty in length ; I rubb’d. it pretty vigoroufly
with Paper in my Hand, till it had acquir’d fome de-
greeof hear, 1 then held it towards fome. pieces of
Leaf-Brafs ; which. were no {fooner within the Sphere
of A&ivity of the Efffuvia emitted by the Tube, but
they began to be put into brisk motions, and yielded-
the following {urprizing appearances.. . .

They would leap towards the Tube, at a wvery. confide-
rable diftamce from it ; nay, I have found, that fome--
times the diftance of 12 or more inches has not pre-
vented their doing fo. Mg

Sometimes they would adhere and: fafter to the
Tube, fettling themf{elves on its furface, and there
remain quiet : and {fometimes they wowld be thrown off
from it, with a very great force, even to the diftance of
6 or 7 inches. And not only when they. adherd to the
furface of the Tube, would they thus fuddenly and
precipitantly be driven from it; but alfo 7z their mo-
tiom of afcent towards if, even when they were ad-

vanc’d
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vanc’'d fo faras to touch ‘the Tube, this repellent
force 'would také place, and hurry them dowmwards
with a great velocity. :

And (which ftill adds to the Wonderfulnefs of the
Phenomenon) they would 'often repest'' this alternare
rifing and falling ; the Attraéctive-and Repulfive' forces
(whatever they are,) exerting themfelves asit were
by: turns; the one drawing up, and the other beating
down thefe light bodies; and that for feveral times
one afterthe other. SH S '

Neither is thisall the variety'whicli the Phenome-
non afforded; for fometimes they would move but
flowly towards the Tube, fometimes they would re-
main a[wall time fufpended, ‘between the Tube and the Ta-
ble on.which ' they were ‘firft laidj "and at other
times (which 1s'no lefs ftrange’than the former) they
would feem to flide along in the Direltion of the fides
of the Tube, and that without touching it. |

But befides thefe, there are yet fome other Obfer-
vations relating, to this‘Experiment, which I think
not amifshere to mention. | AR
- Firft, The hotter the Tube was made by rubbing,
to the greater diftance did the attrative force extend it
felf. But thatit will dhfiver in proportionto any de-
gree of heat ' excited, is' what I will not venture to
determine. I mean; whether, encreafing ftill the de-
gree of heat in the Tube, the Sphere of the attraltive
Power will ftill be proportionably enlarged ; or whe-
ther there may not be fome certain degree of heat,
which may carry the attration to its utmoft limits
of diftance, fo that all degrees above that, fhall
produce lefs powerful effe@sthis way: Whether this
be fo or no, (I fay,) is a point which will require far-
ther Trials, and more Confideration, in orderto a
compleat decifion of it.

G 2 Secondly,
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Secondly, 'Tho> all the various appearances now
mention’d, as to the motions of the attracted little
Bodies, do not happen at every Trial, yet many of
them are obfervable at all times ; neither are there
any hinted, but what I have at fome time or other
punttually obferved. And the reafon of this diffe-
rence, {feems very probably to arife from the different
Temper and Conftitutionof the Air. For when the
Air isclogg’d, either with humid and aqueous, or other
more grofs and folid parts, rais’d up from the vaft Fund
of Terreftrial matter here below, there’s no doubt
but the refiftence thefe fine Effluvia then meet with
in their way, muft be much greater than when the
Air 1s free, and no fuch Impediments lie to oppofe
them 1n their paflage. For the Effluvia, how {ub-
tile foever they can be imagin’d to be, are yet Body
and Matter, and muft theretore be liable to the com-
mon Laws of Bodies, whichis to be refifted in fome
proportion ta the ftrength and denfity of the
Medium. Neither is it improbable, but that in a
moift Conftitution of the Air, the watery parts may
run together, and condenfe on the furface of the
Tube ; and fo choak up and obftruét the paflage of
the Matter, which otherwife would be emitted very
vigoroufly from thence. And indeed, I havealways
obferv’d,that moifture is a great Enemy to all Experi-
ments of this kind : The reafon of which, I think, is
pretty obvious from what was juft now hinted about
the refiffence.

How-

o e T i bt s e . i < L
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However, there is an Experiment, which looks, as it
were , like an ocular Demonftration of this; 1n
which, the refiftence of the Effluvia by certain little
Bodies interpos’d, was render’d manifeit even te the
Senfe. For having plac’d a pieceof fine Muflin be-
tween the Tube and the foremention’d pieces of
Leaf-Brafs ; all the excitation T could give the Efflu-
via by ftrong rubbing, would not raife them fo far,
as to make them give the leaft fenfible motion to
any one of thofe little Bodies, even tho’ the Tube
was held very near them: yet at the fame time, if
the Muflin were taken out of the way, the Effluvia’
would imprefs thofe Bodies {o vigorouily, as to give
them a motion at 3 or 4 times tﬁat diftance. And
this Phenomenon, T think, will eafily be allow’d to be
the meer Effe&t of the Obftruction of the paflage of
the Effluvia by the fine Threads of the Linnea ; which
| threads either wholly ftop’d and detain’d, or' elfe
. broke and obtunded the force of thofe aétive parts
. emitted from the Tube by Friftion; fo that they"
could not fhake or agitate tKe light Bodies, that lay
expos’d to them.

I could add moreover, Thiat not only the moiff, but
~ thecold Temper of the Air, may be partly a caufe of
. the Differences difcernible in the Effelts of this Ex-
~ periment : For when it was firft made, it was
. Summer-time, as well as dry weather ; and the fuc-
. cefs feem’d to be more confiderable then, than it
has been fince the declenfion of that Seafon'of the
Year. And indeed, confidering that all thofe Effetts of
the Effluvia upon other Bodies, muft depend either
upon the quantity of the [ubtile matter emitted, or the
force and welocity of its impulfe, or elfe upeon both thefé
conjunctly , ’tis not {trange that warm Summer-wea-
ther fhould caufe a confiderable difference : becaufe the

VIgOrous..
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vigorous a&ion of the Solar Rays does then more
effectually fhake the parts of all Bodies; opens and
unlocks their Pores, and fo makes way for a freer
and ,more plentiful emiffion of their Effluvia; and
becaufe alfo, at the fame time, the more fineand
varefied ftate of the ambient Medium (the.natural
refult of -a predominant heat ) will allow them
to expand themfelves with more advantage. How-
ever, in colder weather, the Effets are very fen-
fible, and great enough (notwithitanding the dif-
advantage arifing from thence) to procure any curi-
ous Perfon’s Attention to the Phenomenon.

Thirdly, When the Tube became hotteft, by the
{trongeft Actrition; the Force of the Effiuvia was
rendred manifeft to another Sexfe too, namely, that of
feeling.  They did not thenonly produce all the fore-
mention’d Effets in a more remarkable manner,
but were alfo plainly to be felr upon the Face, or
any other tender part, if the rubb’d Tube were held
near it. And they feem’d tomake very nearly fuch fort
of [troaks upon the Skin, as a number of fine limber Hairs
pufbing againft it might be fuppos’d to do. This
vigorous Ation of the Effluvia put me uponan at-
tempt, to find in what manner {uch a motion was
propagated, and in what Figure or fort of Trackit
went along. For which-end, I held the rubb’d Tube
near the Flameof a Candle, Smoke, Steam, Duft, and
the furfaces of Liquids ; but without any manner of
{uccefs. : ‘ -

The reafon of which, I attribute to the impedi-
ments the Effluvia met with from thefe Bodies the
Tube was plac’d near. For the {mall parts of Dufts
and Powders, the fteams of Liquids, the oleaginous
Fumes of Flame, and the like fort of parts in Smoke
it felf, immediately adher’d to the furface of the

Tube,
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Tube, and o kept inthe Effluvia: which therefore
reqmr’d the affiltance of a frefh Attrition to open

their paffage and give them- vent again.

And thus much for the Firft part of this Experi-
ment ; in which- the Tube was rubb’d while it continued
ful of Air..

Secondly, We are now to confider the Effeéts of the
Attrition of the [ame Tube, when the Air was exhanffed
and drawn out of it. And here I obferv’d, that tho®

it wererubb’d with equal or greater force than was
~ 1mploy’d about it when full of Air, yer the attraétive
 power was very little difcernible. 'The Effluvia {carce
~ difcover’d 'themfelves, by any motion or difturbance
given to the Leaf-Brafs, even tho’ it was plac’d
within a quarter of the diftance at which it had”
been attratted before. Indeed, when the Tube was
very warm, and held very near, there would be
fome little motion given to thofe {mall Bodies; but
’twas too {mall by far to be compar’d with what was
imprefS’d when the Tube was full of Air. Befides,
I doubt not but there was fome portion of Air left
in the Tube, and fo the Attrattion mightcontinue
in proportion to the quantity of Air remaining: or
perhaps, the heat produc’d by a {mart Attrition of
| the Glafs, may (in this Experiment, as wellas {ome
others) he in the ftead, and fupply the place, of.
fucha quantity of that Element.
| But to return to the Experiment. When the
Air was let into the Tube again, the artraltive power
was immediately reftor’d.  Before any new At-
trition could be given the Tube, or that it was re-
mov’d from the diftance and pofition it was held at
when exhaufted, even then did feveral of the fore-
mention’d Bodies (which before feem’d to be whol-
ly at reft) begin fuddenly to move; and i’om{: of
them
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them were attraCted up tothe Tube it felf. And

then, laftly, upon a frefh Attrition,the Tuberecover’d
it’s Eletrical quality as vigoroufly as at firft.

Hitherto we have confider’d the Phenomeéna of
the Tube both when full of Air, and when ex-
haufted ; but in each cafe ffill in the Light, We are
now to confider what occurr’d upon the lzke Artriti-
“on given it inthe Dark. And.firft, the Tube being full
of Air ; ’tis obfervable, that when tlre Glafs became
warm, 4 Light would continually follow the motion of the
Hund backward and forward : And at the fame time,
if another Hand was held near the Tube, a Light
would evidently break forth from it,.and That accom-
panted with a Notfe, re_femb[ing that of  the cracking of
a green Leaf inthe Fire ; tho’ not-foloud: Yet when
the Experiment has been made in-a very ftill and
filent place, I have heard feveral cracks,at feven or
eight foot diftante, or more, Farther; if any other
Obje&t (beflides the Hand ) was brought near the
Tube, tho’ it did not touch it, yet « Light would fix
wpon i, and give much thefame appearance as up-
on the Hand ; as I have.tried with Gold, Silver, Brafs,
Jvory, Wood, &c.

But now, when.the Tube was exhaufled of its Aix,
there was a confiderable difference, as to this
Light and its effeCts: For upon the firft Attriti-
on of the Tube, 4 muchgreater Light indeed did enfue ,
but then ‘the quality of giving Light to 2« Body held
near it, feem’d to ve quite loff: And (which isanother
Difterence no lefs remarkable,) the Light produc’d up-
on the Attrition of the exhaufted Tube, appear’d
to be wholly within it; whereas that which was
difcover’d when the Tube was full of Air, {eem’d
to be altogether on its out-fide.

And
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" And thus much for the Experiment, as made

upon « Tube or hollow Cylinder of Glafs.

Having now, in the next place, procut’d « [olid
Cylinder of Glafs; T made the fame Trials with that
as the former; and found no grear difference in the
Effeits; only the emiffion of the Efffuvia feers’d fo
continue a little longer, but not to attralt at a greater di-

ftance than the other (as far as T can yet difcover).

With this new folid Tube, T made the following
Experiment. - |

I took alittle quantity of Lamp-Black, and having
dried it on a Paper before the Fire, T expos’d it to
the Tube (which had been rubb’d till it was warm):
And it was no fmall Entertainment, to fee how brisk-
ly the little blackParticles were agitated by the force of
the Effluvia from the Glafs. They appear’d to rife and
fall,to move upwards and downwards with great velo-
city. And tho’ their Sge.'ciﬁck Gravity was fo fmall,
that when they fell by their own weight, they
could not be heard ; yet they were return’d upon
the Paper with fuch a force from the Tube, that
their ftroaks upon the fame made a very fenfible
noife. So great was the repellent force of the Ef-
fluvia from the folid Tube. So that now laying
the accounts of this Experiment together, we have
the following Heads of matter of Fatt to confi-

. der.

The Various [urprizing motions of the Leaf-Brafs,
expos’d to the hollow Tube, upon the Attrition of it.

The Encreafe n{; that Effecf, upon the encreafe of the
Heat in the rubb’d Tube.

The Difference obfervable in that Effett, according
to the different Temper and Conftitution of the

Alr. -
- _ H The
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"The Deftruction or Ceafing of that Eﬁﬁ, upon the ex-
hauftion of the Air out of the Cavity of the Tube.

The Retarr of that Effect, in a good degree, upon.

the Return of the Air, even without the help of any

new Attrition: and the compleat recovery of it to

all degrees, when that Attrition wasagain given.

'The Emffion of & Light from the Tube full of Air, |

when rubb’d to a degree of warmth in the dark:
and this Light accompanied with a cracking noife.

That Light’s fixing and [ettling it [elf upon Bodies.

laid in its way.

The Lofs Qf this IQHJ,HU (of ﬁ]{ing upon other :

Bodies,) tho’ with the advantage of a bigger Light;
when the Attrition was given to a Tube exhaufted
of its Air. |

The different Seat and Place of the Light, when the

Tube was full of Air, and when exhaufted : being

in the former cafe withour, and in the latter wholly

within the Tube.

on the
low Tube.

Having now deduc’d fome things from the Expe-
riment, which may (I think) pafs without much

difpute for Truths and Matters of Fact; I would pro-
pole fome things -bif way of Query, in order to a far-
“ther clearing of this Subjett.

Query 1. How isit that Attritiondoes excite and
bring forth the Efffuvia of Elefirical Bodies? They
are, in the prefent cafe, propagated from the Body
of the Glafswith a confiderable force: What is the

immediate caufe of that Impez#s? And by what means.

do-they come to be fo affected ?
Query 2.

Laftly, The fame EffeCts (except what depended -
Exh&uﬁion ) produc’d by a folid, as bya hol-

i e ™ ‘-'..-‘-.I. i
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Query 2. Why are the Effefts of the Effuvia fo
much greater when the hollow Tube is full of Air,
than when it is exhaufled ?

Query 3. Why does the Light produc’d upon the
Attrition of the 2xhanfled Tube, appear whelly
within it 3 and That produc’d upon the Attrition
of the Tube full of Air, appear altogether on its
out-fide ?

Query 4. Canthe preferving, or the taking away
the Equilibrium between the external Air and the
Air included in the Cavity of the Glafs Tube, be
of any moment towards the prodution of the
Effets mention’d in the two lalt Queries?

A Continuation of the Experiments on the
Attrition of Glafs.

Procur’d a Glafs of a FiFure as nearly Cylindy:.

cal as' might be, whofe diameter and length

were each about 7 inches. The Axis of this Glafs

lying parallel to the Horizon, and thie contain’d Air
being exhaufted, it had a Motion given it b

a
Machine of a new Contrivance. And the Eﬂ}é&s PlareVIi

of this, with refpett to the Light produc’d upon the
Attrition of it, were much the fame as thofe in the
Experiments formerly mention’d. But when the
Air was let in again, and the Motion and Attrition
given, as at firlt ; I was furpriz’d with the appea-
tance of a brisk and vigorous Light continued betiveen

the point of my Finger and the Glafs. It was not

H 2 only
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only plainly vifible on the Finger ; but befides, feem’d
as it were to ftrike with fome force upon it, being
eafily to be felt by a kind of gentle préﬁ?’e, tho” the-
moving Body was not touch’d with it by near half
an inch, This Light feem’d to iffue from the Glafs
with 4 confiderable noife (not much -unlike - that ok
whegzing, tho’ fomething {marter; )} and ’twas ea-
fie enough to diftinguifh it from the noife made
by the working of the Engine, which' notwith=
{tanding was not a fmall one. And the Phenome-
non was the fame, as to both the Parts of it,
(I mean both the Light and the Nvife,) when the Ex-
periment was made in the Day-light, as when in
the Dark. For in.a.very light Room, an Hour or
two after Noon, -the Glafs being put into Motion,
and the Attrition made, and the Finger approach’d
near it (as before;) a pure Purple Light immediately
extended it felf from the Finger to the Cylinder, and
was accompanied with the like noife as before-men-
tion’d. And this Frial I have repeated feveral times,
at different hours’;, but ftill with the fame Succefs.

I render’d thefe luminous Effluvia more remarkably
confpicuous, and at the fame time more. pleafing to
the Eye of a Spetator, by another Experiment made
after,this manner : Itooka bit of fine Mau/flin,and few’d
it to a couple of Wires bent circular-wife, that {0 it.
might furreund the upper furface of theGlafs; whichit
did at near 4 inches diftance: The Muflin,I made
as ragged as I could, by.breaking the Threads of
it every where. The Glafs being then put in moti-
on, and the FriGtion made (as ufually;) the Light
threw it {elfabroad. vigoroufly, and fettled in fmall
lucid fparks upon the ends of the torn /Thyeads;
looking there like fo many little Stars, -feen by

385 $e
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a good Telefcope in the Milky way. And from all
thefe little Balls of Light together, there refulted
fuch a fort of a whitenefs, as may be obferved in
the Heavens by the faint and weak Lights of
all thofe {mall Stars mingled together.

In alk thefe cafes, I could never find that the ad-
dition of any external. Heat, would do any thing to en-
creafe the appearance of the Light produc’d. 1 tried by
placing a red-hot Iron juft under the moving Glafs,
but this would do nothing atall, without the Attri-
cion of the Glafs; and if the Glafs were rubb’d, the
Effe&t wasno greater, than if the hot Iron had not
been there. And the refult (as to this matter of
beat,) was the fame, both when the Glafs was ex--
haufted of its. Air, and- when it was full.

And thus much, as to. the Light produc’d by the At-
trition of the Cylindrical Glafs.

Secondly, as to the Electricity of it; T did not find
this' Effe& more confiderable here as to quantity,.
than what was related in the former Experiments
of the Tubes. But notwithftanding, I have difco-
ver’d fome Properties of this. Electrical matter,
which may feem wonderful to thofe that nicely confi-
der them; fince they afford us a fort of reprefentation of -
the grear Phenomena. of the Univerfe, . For, having’ ob-
ferv’d that light Bodies, plac’d near any part of
the rubb’d Cylinder, feem’d to be equally at-
trated ; I contriveda Semi-circle of Wire, which I
could faften at a conftant diftance, making it en-
compafs the upper Semi-cylindrical Surface of the
Glafs, at 4 or § inches diftance, 'This Wire had feveral
pieces of Woollen Thread faften’d toit, {o as tohang
down from it at pretty nearly equal diftances.
The length of them was fuch, that being extended
in.a dire€tion towards the center of that imaginary
ol ;. e Circle



‘Circle on the furface of the Glafs, in the Plane of

which the Wire was plac’d; they would then reach
within le than an inch of the Circumference of that
Circle: but if left to their own liberty, they hung
in that parallel- pofition to each other, which is re-

v prefented in Fig. 1. The Cylinder was plac’d with

its Axis parallel to the Horizon; and in this pofture,
it was turn’d fwiftly about; and then by the ra-

.pid motion and agitation of the furrounding Air, the

Threads were forc’dinto fuch politions, as are ex-

prefd in Fig, 2. viz. they were lifted up and bent

upwardsfrom the Axisof the Cylinder.
A1l this while, here was only the fwift’ motion of

~the Cylinder round'its Axis, withoutany Attrition.

But now, when Tcame to apply my Hand to the
lower part of this Glafs (fo{wiftly whirl’d about,)
and Cﬂnfeg};l'entl}’ to add Artrition to the former
motion ; the Threads prefently began to change their di-
recton, and all harmonioufly P{;ﬂimed tothe center ‘j’f the
Circle, in whofe Plane the Wire was plac’d, Neither

-were they at all diforder’d or flung out of that pofi-

tion, by the Wind occafion’d by that violent moti-

‘on; but (asif there had been no fuch hurry of the

Air about them) they ftill perfifted in their central

dire@ion. And to render it moft fenfibly convincing,

how abfolutely this Effe¢t depended .upon the At-
trition; T found I could by [bifting theplace of the At-
trition hither or thither, draw the Threads towards this or
that end of the Cylinder 5 bat yer they all fFill went uni-
formly converging towards [ome center in the Axis of it

(0 that they form’d them[elves into a fort of Conical
Surface.

Farthery
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Farther; if the Wire with its loofe Threads was-
revers'd, {o asto encompafs the lower part of the Cy-
linder, (as before it did the upper part;) yet the
Effect {till anfwer’d with the fame exallnefs.  For
the Threads were all erected into fo many flrait lines, fHill
directing themfelves to a center in the Axis of the Glafs.  Fi-4 -

Hitherto the Axis-of the Cylinder was plac’d Ho-
rizontally ; in the next place, I fet itina wertical pofi-
tion, fothatit {tood perpendicular to.: the Plane of
the Horizon; in which cafe I made ufe of a Wire-
hoop, which was neceflarily to be plac’d parallel to
the Horizon, that it might encompafs the Cylinder
in the fame manner as- the Semicircular-Wire did
before: only one {mall part of this circular Wire
was left open, to make way for the touch of the-
Hand, which was to give the Attrition. And the
Wire being thus plac’d, it was evident that the
Threads (without {ome external force to fupport ’em)
muft all lagg and hang perpendicularly downwards. .
Yet, as {oon as the Motion and Attrition were gi-
ven, the Threads prefently began to be extended; .
and, as if they were become ftiff and hard, form’d
themfelves into an Herizontal Plane ; their loofe ends
pointing to a center in the Axis of'the Glafs (as be- -
tore. ;

Ar?d thus in- all forts of Pofitions whatfoever,
both of the Wire, and of the Glafs too; were the
Threads atted by a fort of centripetal force, to the .
 Eaws of which they were always conformable..

The matters of Fa&k obfervable in this Experi-
ment, may be compris’d under thefe Heads. .
The Continuation of a brisk Light between. the
Hand and the Glafs.
- The.
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The Senfible Force and Preffure of that Tuminous
matter; which was veryeafieto be felt. '

The Noife accompanying the eruption of the Lumi-
nous matter, and the Loudnefs of it, which ren-
der’d it diftinguifhable from that of the Engine.
. The Conftancy of the Light and Noife atall Sea-
ons.

‘The Indifferent regard of this Light to the prefence
or abfence of Heat..

NEe W This as to the Light.

As to the Eledtricity.

An Equable diffufion of Eleétrical Matter, in Planes
parallel to the Bafis of the Cylinder ; and the
Direction of the Threads to the center of thofe Cir-
cular Planes. ' | |
" The steddy and unvaried Dire&ion of the Threads,
notwithftanding the Wind occafion’d by the violence
of the Motion, St R -

The Eafie Excitation of the Eleftrical Matter in
any of the parallel Planes of the Cylinder,. oc-
cafion’d by the fhifting of the Hand into a new
place: Alfo the Variation of the Figure, and Direction
of the Threads, confequent thereupon. =~

The Conflant Direction of the Threads to fome
center in the Axis, in all the Pofitions of the Wire,
and of the Cylindrical Glafs ; the Effe& being ftill
the {ame, whether the Wire was zbove or under, or
the Glafs plac’d with its Axis ejther parallel or pers
pendicular to the Horizon, = -

Some
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Some. f#{ber E.xperimem; relating 0, the EleCtricity -
of Glafs.

¥ T has been fhewn before, that the ends of the

Threads which were difpos’d in: the Semicirca-
lay Wire, wete, upon the Aterition;direCed to a Center
in the dxis of the Cylindrick Glafs, There are fome
other Obfervations and - Difcoveries which I have
fince made, relating to the fame thing ; which are
no lefs furprizing ; and which I fhall therefore here
give in their order.

ExeeriMmentT L

J HEN the Attrition of the Glafs has been

VV continued a little  while, and the Woollen
Threads laid hold of by the Efffzvia; then, tho’ the
Glafs had no motion at all, and no Frition con-
tinued, yet would all the Threads continue in their
flrait directed pofture, and that for the fpace of 4or §
minutes: nay, it would fometimes be longet be-

. fore they could difengage themfelves from the force:

and action of the Efiuvia, .

- And while the Efluvia alted with fo much vi.
gour, as -to fuftain the Threads in their Central Di-
reétion, if a Finger (or any other body) were put hear’
the Extremities or Pointing ends of the- Threads,

I they
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they would avoid and flie from it, juft asa Magnetick
Needle does, when the difagreeing Pole of the Load--
ftone approachies to it. '

But if the Finger were held at about an inch
diftance from the end of any fuch Thread, the
Thread would (ufually, tho’ not always,) be ar-
traéled towards ity plainly removing it felf out of its
place, to come nearer thereto.

If any Body be interpos’d between the Glafs and the.
faid divected Thready then the Thread, depriv’d of
the dire&ting force of the Efffuvia, immediately re-
turns to its firf} and watural pofition, viz. fuch as its
own gravity gives-it. But 1if that interpos’d Body
be taken away again, then (provided the Thread has
not remov’d-it felf too far out of the reach of the
Effluvia) it will return again to its central tendency,
and remain in it, tillits gravity becomes too great-
for the decreafing force ot the Effluvia to fupport it
any longer in fuch a Dire(tion, s

NB. 1 have fince tried the fame thing with'a: =

Glafs Globe, and found that when the Attrition was

Fig.7. made, it would attrait the furrounding Threads 1n afl

Plate V1L manner of Pofitions, and diret them to its Center. "What
we may obferve from hence therefore, is, @

Firft, The wigorous and lafting Aition of the Efflu- .
wia, excited by this Acttrition; feeing the Tenfion of
the Threads was {till continued, tho’ the - Frifion -
and Motion of the Glafs were both ceafed.

Secondly, A plain Inftance of a Repulfive and At.
traffive force. For the Threads avoided the Finger,
(as if a&ted by fome centrifugal force,) when it ap-
proach’d very near their Extremities : and at another;

di-
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diftance , fomething like a centripersl force would
caufe them to incline and move thersfiives towards i,
So that in thefe {fmaller Orbs of matter, we have
fome little refemblances of the Grand Phenomena of
the Univerfe.

Thirdly, The certain Dependence of this Phenomenon
(viz. the extenfion of the Threads) upon the aition ;f
ome Matter, whole Direction is in [frait lines towards
the Glafs. For upon' the interpofition of any Body
between the Threads and the Glafs, they lofe their
regular extenfion, and hang as their own weight
caufes them. And what can fuch Interpofition of
a Body poflibly do in this'cafe; but only interrupt
the courfe<of the  Matter which is the caufe of
the Extenfion, and confequently make way for
the gravity (which was overcome by a fuperiour force
before) to exert it felf again ?

13T

1

‘ExperimMENT IL

Y Tookan Hemifpherical Glafs (fuchas is reprefen-
: ted-at Fig. 5.) of about 6 inches diameter: In-FlaeVIL
to this T 'convey’d a Stick, in' manner of an. ‘Axz,
which “hdd “the Woollen-Threads (formerly made
ufe of) tied about it. The Glafs was fcrew’d by
the Neck to one ‘end of a Spirdle; and being fixd
on the Machine, the Great Wheel was ‘turn’dy ant praevir
the Frition made on the outer furface of the Glafs,
as-ufual. And now the Threads prefented a Phe-

1.2 nomenon,
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nomenon not a little pleafant and furprizing to
behold; but yet fuch as 1 expeéted and hop’d for,.
in the contrivance of this particular dpparasus,
For here was jult the Rewverfe of what bappen’d
when the Semicircular Wire was plac’d on the
out-fide : Thatis, the Threads here iffued like Rays,
ﬁum a Center outwards ; as there they converg’d to a
Center within, The nearer they were to the soncave
furface of the Glafs, the farcher their Extremities
diverged from one another, in #his cafe; as in that
cafe, the nearer they were tothe convex furface; the
nearer were their Extremities to one another. In
either cafe, the Divergency or Convergensy was from
or o fome Center in the Axis; and all the diffe-
rence was, that in the one cafe the tendency
was from without, imvards; and in the other, ’twas

om  within , outwards. The appearance of the
/Threads in this laft Experiment, wasasis reprefen-

PlateVil ted at Fig. 6.

And what was very confiderable farther, was,
that while the Threads legy in this pofition, like fo
many Rays of a Circle extended ; if the Finger were
held near the ost-fide of the Glafs, a Motion would
be communicated to. the point of that Thread which
was nearcft within: {0 that by the motion of the Finger
the Thread would be driven any way before it. Andit
would feem to fly and avoid the Finger, held on
any fide; tho’ the convex furface of the Glafs were
not: touch’d by it, by % inch and more (as I have
fometimes {een.) Likewife, if the Threads were re-
mov’d to the ows-fide, and the Finger mov’d about
within, the Threads would play about with the
Like motion. LR ) -

And
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And indeed, gemerally {peaking, the Threads feem
to avoid the approach of the Finger : tho’ I have fome-

times obferv’d them to jump fuddenly towards it at
more than an inch diftance..

From the Experiment. now recited, we may ob-
ferve,
- The. remarkable. Vaiformity and® Agreement con-
[picuous in this Phenomenon, with That where the Threads
were difpos’d on the out-fids ng; the Glafs. For in both,
the Threads. were ‘direCted, "according to the
courfe of the matter; which in one cafe a&ted oze
- way, and in the other the comrary. And by com--
paring both, ’tis very plain, that there is no more
thanvne and the fame Caufe of both. For the fame Caufe
which in one circumftance (v7z. when the Threads
were plac’d on the ows-fide) would make them corverge
towards the Convex furface of the Glafs, would al«
fo in the contrary circumitance (v7z.. when 'they
were plac’d ‘on the in-fide) make them 'diverge to-
wards the Concave {urface. |
Again, tlie Agreethent anfwers, not only with
refpect to the Diection of the Threads, but alfo to
the Motwn of them. Forin theformer Experiment,
the Threads would {ometimes 4void, and {fometimes
tncline towards the Finger:and in the Experiment
pow mention’d, there were the like Indications both -
of a Centrifugal and Centripetal Force, |

Exppris
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Exreriment 1L

Y Took a Glafs Globe of ¢ inches diameter, which
L being exhaufled of its Air, I ixX’d to a Machine,
to give Motion to it, perpendicular to:the Horizon.
And to another Engine I fix'd another Glafs Globe,
plac’d at a diftance fomeching lefsthanan inch from the
tormer Globe; and baving nome of its Atr drawn out.
"The Machines being fet to work, Iapply’d my naked
Hand to che Globe which was fudl of Air ; the Effluvia
of which (excited -by the Aterition) quickly reach’d
the exhaufled Globe, and produc’d a Light on that
part of it which was neareft the other. Now here
was not the Friftion of any -other -Body upon this
Glafs, to raife the Effluvia, and produce a Light
there was nothing baz the bare Action of the Effluvia
from the other Globe, which Effluvia fupplied the
place of a more folid Body, and made fuch an At-
crition .as  was neceflary to the produétion of the
Phenomenon. The Light was pretty vigorous, and
fpread 1t {felf on the Globe as far as the Effiuvia
were capable of ftriking on it. Its Colour was
not near fo much inchned to Parple, as it was
when the Light was produc’d by the attrition of
the Hand : But it would continue upon the
Globe for half a minute or more, after the moti-
on of the rubb’d Glafs had ceas’d. On the other
Hand, it the rubb’d Glafs were kept in motion,
the other being at reft; the Light would die pre-

{ently 3
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fently ; but immediately recover’d “agais, upon the

firlt motion given to it..

As.amAppendix to this- Experiment; T fhall re-
late another, much tothe fame purpofe.

I took a long Glafs;, whofe Air was exhaufted,
and which had lain by in that ftate above {ix Months.
After T had rubbd this Glafs a-little with my
Hand, to clear it of all Moifture on the furface; I
- held it over- the #nexhaufted Globe, which was then

‘in.motion ; and at-the fame time alfo I gave it
(wiz. the unexhaufted Globe) an Attrition with my
Hand ; upon which there were immediately large
and furprizing Fla/bes of Light produc’d in the long
Glafs, tho’ it neither touch’d the moving Globe,
nor was provok’d it {elf by any immediate fesfible
Attrition. . '

The Matters of Fa& afforded by this whole Ex-
periment, are reducible to the following Heads.

The Produltion ?" a continued Light on one Glafs ex-
haufted of its Air, by another, at a diflance from it, being
yubld while it was full - of Air : both being in' motion,’
but ‘one only rubb’d.

The Continnance of the Light on the exhaufted G Idﬁiifor :
fome time j:er the Motior of the other Glafs is at an exd.

The [udden Ceafing of the Light, when the exhan-
[ted Glafs is at reft, tho’ the full Glafs (on which alone the
attrition is made)" be kept in morion, -

The Production of an tnterrapted Flafbing Light upon
- an exhaufted Quiefcent Glafs, held over another unex-
haufted one tn motion the ﬂﬁexhaﬂﬁfd one éeiﬁg rubb’d -

a4t the ﬁtme time,

And from hence we may obferve,
Firft, .
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Ticl, Thaligee Sand-Vigorows Adtion of ‘the Efftarin
by wift,ﬁt they perform tf;:g Office of a [olid Body, In
other Exfperiments, Liths were produc’d by the at-
trition. of oxe. folid Body againft another: but:here a
Light is produc’d by the ]éi{ﬁﬂ# of a very [ubrile Fluid!
upor a Solid. So thatthis may come in,amongft many
others, as an inftance of the powerful Effelts of fizall

Bodies, when putinto brisk and.vigorous motions.

. Secondly, The great Tntereft which the motion of the
exhaufted Glafs has in the continuance and prefervation
of the Light: For if That be ftop’d, the Light dies
away prefently, /tho’ the unexhaufted Glafs be in
-motion, - And indeed tis evident, that:the A&ion of
the Efluvia upon the faid exhaufted Glafs, is more
extenfive, (and fo capable of producing more confi-
derable Effets,) when that Glafs is in motion, and
the parts of it confequently fucceflively expos’d, by
a quick Revolution, to the {troaks of thofe Efftuvia ;
than whenit is at reft, and the Effluvia beatonly
on one and the fame particular part of the Surface.

And this is effeGually confirm’d by the Obfervation.
of the kind of Light produced on the exhaufted quie-
[cent long Glafs: For that was not a continued, but.a
Flafbing Light; that is, fuch as difappear’d as foon
asl i{t' was produc’d on the Surface of that quiefcent

Glals.

Thirdly, The difference in Degree and Intenfity of
the Colour, which the different Circumflances of the
Friction are capable of producing. Forthe Light produc’d
by the Artrition of the Effluvia did not come near, as
to the degree of Purple, to that Light which was
produe’d when the drerition was made by the Hand.

An
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An Account of an Experiment, confivming the Produttion
{JfLI;g'bI f’j !}:E Eﬁ?ﬂ?fﬂ ty‘ ﬂ#ﬁ; G!dﬁ fm"ff??g on anps
ther.

Aving obferv’d that the Effluvia of Glafs,
when they fell on an exhaufted Glafs in mo-
tion, would exhibite fuch an appearance, as if it
were rubb’d by a vifible folid Body; I thought
this further Confirmation of it would not be unac-
ceptable. I tooka large Receiver, of fuch aform
asis exprefs’d byaaaa; (Fig.1.) within the Body prase 1x
of which I fix’d another, of fuch a form, and in
fuch pofition, as is reprefented by bbbb. Their
Axes were parallel to the Horizon, and fix’d one
within another at cc. The outward Surface of the
inward Glafs was at leaft an inch diftant from the
inward Surface of the outward one: and they were
both turn’d by two large Wheels dddd, whofe
Bands related to the {mall Wheels ee e e, fix’d on the
Axes of the Glafles. Before the Glaffes were thus
adapted to each other, the innermoft was exhau-
fted of its Air; and then being fet as the Figure
defcribes, I order’d that Wheel only to be moved
which gave motion to the great Glafs. The Thought
which guided this Procefs, was this; that when
the Effluvia of the great Glafs (by the application
of my Hand upon i1t) fhould reach the other; this
other, notwithftanding it was at reft, would never-
thelefs be influenc’d by the Effluvia, and give a
K Light,
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Light. The Effe&t anfwer’d my Expeltation; for
the Light appear’d, and fpread it felf in numerous
branches all over. This done, I caus’d the other
Wheel (viz. that which gave motion to the includ-
ed Glafs,) to be turn’d; and thenthe Light became
much more confiderable, and, I think, the greateft
that has yet been produc’d in any Experiment
made on this Subje&. And Idoubt not, but ’twould
have been much more confiderable, had the inward
Glafs fitted fo,-as nearly to touch the inward fur-
' face of the outer Glafs; the Effluvia of which (as
it appears to me) would then have been capable of
afting with more vigour on the inclos’d exhaufted
moving Receiver.

Having in the next place caus’d both - the great
Wheels to turn the Glaffes one and the fame way,
with as equal a degree of Velocity as they could;
I did not find but the Light wasthen as ftrong,
as when their motions were juft the reverfe. So
that (as far as I can perceive) neither the contrariéty
nor agreement of the Motions does contribute any
thing to this Phenomenon ; but Motion it felf
(without any particular Rules or Limitations) is ab-
folutely neceffary: As thisy and the whole Courfe of
Experiments on this Head, abundantly fhews.

I obferv’d farther, that tho' the Effluvia feem’d:
to be equally diftributed on the outward furface of
the inward moving Glafs, yet the Light appeat’d
moft vigoroufly on that {ide of it next the Attrition.
And when either of the Glaffes wasat reft, the other
continuing in motion, (I fay either ; for upon Trial-
I found very little difference either way;) the ap-
pearance of the Light would remain a confidera-.
ble time within the exhaufted Glafs, till the Efflu-

via of the other were no longer capable of a&ting
with,

=
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with a force upon it, requifit to produce .the
Effe€t, Twas not a little furprizing al{o to obferve,
that after botli Glafles had been in moton for
fome time, and the Hand apply’d during that ¢img
to the furface of the outer one, that then, the Motions
both ceafing, and no Light appearing at all, if I
did but approach my Hand again near the furface of
the outer Glafs, there would: be Flathes of Light
(like Lightning) produc’d inthe inward Glafs;; jufk
as if the Effluvia from the “outer /Glafs, had been
pufl’d with more force upon it by means of the
approaching Hand.

The matters of Faét afforded by this Experiment,
may be compris’d under the following Heads.

he Produttion of a Light by the Effluvia of the outer

cirsulating Glafs, falling onthe inward quiefcent one.

The Extraordinary Augmentation of the Light, upon
the-civcular -motion of the-inner Glafs together with the
outer one,

The Conftant and Unvaried flate of the Effelt (as to the
Vigonr aud Strength of the Light,) whether the two
Glaffes were moved the [ame or the contrary way.

he moft wigorons appearance of the Light upon the
fide next the Attrition, when both the GlafJes were mov’d ;
notwithftanding the Effluvia feenmdd equally diftributed on
the [urfaceof the inward Glafs,

The Continuance of the Light in the exhanfled inner
Glafs till the Force of the Efftuvia was fpent ; when either
Glafs was in motion, and the other at reff.

The Flafbes of Light produc’d upon the inner Glafs,
by the approach of the Hand to the outer one, no Light at
all appearing before: both Glafes being then quifcent, tho
both ﬁad been in motion, and the ontward one rubb’d all
the time of the Motion,

K 2 Query 1.
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Query 1. Why is a Medium fo very-much-rarefied,
(as that in the exhaufted Receiver) requifite to pro-
duce a Light?

Query 2. Does not this Light, produc’d by the At-
trition of the Effluvia, fhew, that Minute and Fluid
Bodies, when put in violent motion, are capable of
performing the fame Effe€ts as others of a more
grofsand folid Nature?

S &6 T
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An Experiment fhewing the Difficulty of Jeparating
two Hemifpheres, upon the injecting an Atmo-
{phere of Air ontherr outward Surfaces, with-
out exbaufting the cluded Asr.

HE beft: Proof that can-be given of the Truth

of any Hypothefis, 15, that the Experiments

made for that end, do all of them, and every way
agree: That trying Nature on one fide, and on the
other, yet every way fhe fhill confefles the fame
thing. Thus with refpedt to the nature of Sowurds;
’tis demonftrable that the Air is the proper Vehi-
cle or  Medium for the propagation of them ; be-
caufe Sounds do not onl ie“{]Pm and grow weaker, acC-
cording to the degrees of the Au’s Rarefaétion; but
alfo become more zntenfe and ftromg, according to
the degrees of its Condenfation. And 1 offer the fol-
lowing Experiment, to {hew, that we have thevery
fame degree of certainty of the Preffure and Gravi-
tation of the Air; in that the very fame Effettis
produced, when we make ufe of a condens’d Atmo-
iphere to work againft common Air, as when we
make ufe of commor Air to work againft a- very-much-
rarefied Medium or Fuacusty. 'This Experiment, I
hope, will be no lefs than decilive of the Pointfo
long in agitation, and fct the Truth free even from
any
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-any pollibility of being attack’d by the Obje&tions
of the Favourers of Suéfion and the Funtculsr Hy-
potheflis.. - ”Tis -true, the Dottrine of the Air’s Pref-
fure has been fairly and clearly demonftrated by a
-great number of Experiments, already made for that
purpofe. But ftill thefe People have found fome
Shifts and Subterfuges, by which they have made a
{hew of evading the Conclufive Force of the Expe-
riments. They have ftill had room left to fay fome-
thing or other, which, how little foever it has real-
ly been to the purpofe, has yet ferv’d to keep the
Controverfie alive, and make the Unskilful or Un-
thinking believe they had {ome Probability on their
fide. Now, to fhew how unreafonable thofe Eva-
fions hitherto made ufe of, "have been; as alfoat
once to fet the matter in a fatisfaltory Light ; I pro-
ceeded in the manner following, S
I took aftrong Glafs Receiver, open, and arm’d
See 4 with Brafs Hoops at ‘top and bottom; in which I
" plac’d two Brafs Hemifpheres, joyn’d together on a
wet Leather at bbbb (the diameter being 33 inches),
asalfo a Mercurial Gage reprefented by cccc. To
the Brafs Hoops were applied two Brafs Platesdddd,
with wet. Leathers between them. 'To the wup-
per Hemifphere was fcrew’d a large Brafs Wire ee,
that pafs’d through a Box of Leathers ff, which
was fcrew’d on the upper Plate; and this Wire
could eafily be mov'd up and down without fuffer-
in% any Air to pafs in along with it. This move-
‘able Wire had a Cock gggg fcrew’d at the upper
part of it, thro’ which the Air was to be injetted.
In this manner were the upper and lower Plates
firmly fcrew'd to the Receiver by the Frame and
Pillars hhhhhh. |
Thefe
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Thefe things thus provided ; an Atmofphere of
Air was thrown into the Receiver; the quantity
of which injeftion was eafily difcover’d by the fore-
mention’d Gage cccc; the Air therein pofleffing
but half the {pace it did" before. When this was
done, the Syringe ii was taken off, and an Iron
with an Eye, reprefented by kk, was fcrew’d on in
its place; by which means the whole Apparatus
was fufpended on a Triangle [1111. (Note, that the
- moveable: Wire and upper Hemifphere related to
this Iren; all the reft being partof the weight made
ufe of to feparate them.) After this, the Scale
which hung at the Bottom had fo much weight put
into it, that all together. made full 140 pound ; and
nothing lefs then this weight of 140 pound,. would
part the Hemifpheres; fo powerful was the Force
and Preflure of the Atmofphere inje&ted on their-
outward Surfaces, to hinder that Separation and
keep them together. Now how thofe that efpoufe-
the Funicular Hypothefis, or  that of Suéition, will:
{olve this. from- their Principles, I can’t imagine}
For how is it poffible that any thing of that kind-
fhould take place in the matter before us? How and-
which way does any Suifion drive thefe two He-
mifpheres together with fuch aforce? or where’s.
any room for a Fumiculas, that may be imagin’d to:
be the caufe of their Union and Compreflion ? Ican’t
{fee but the Matter of Fact is plainly beyond all:
Exceptions; and that What I have propos’d, is no-
lefs than an Experimentum crucis, 'Therefore,

Corollary, From hence the Dolirine of the PrefJure.
of the Air ts certain.

Fﬂt
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" For there can’t poffibly beany thingaffign’d as the
Caufe of this Compreflion of the Hemifpheres, but
the Preffure of the external condens’d Air on their
Surfaces. For, whatever other Caufe any one fhall
think fit to affign ; it may eafily be fhewn to be
impoffible, from the Circumftances of this Experi-
ment. From whence the certainty of the Preffure of
the Air being eftablifh’d, I may fairly conclude,that
the fame Principle was the Caufe of the Compref-
fion of the Hemifpheres in the common Magdeburg
Experiment alfo. For Nature would not do it by
Preffure here, and by Swéfion there: This would be
fuchan unequal ating, that the Wifdom and Sim-
plicity of Nature is by no means to be blemifh’d
with fuch an Imputation,

And therefore I think I may venture to affirm,
That all the Objeftions that have been made againft
this Doftrine, have (at beft) been the Refult of no-
thing elfe, but fallacious and miftaken Reafonings.

However, to prevent all Scruples in Them that
may beapt toretain any Doubt of the Air’s Prefure,
I {hall add one or two cenvincing Circumftances:
more. |

Fir t, Having caus’d the fame two Hemifpheres
to be exhaufted of their Air, and none but the com-
mon open Air being about their outward Surfaces ;
I found that the fame weight was requit’d to feparate
them then, as was requir’d for their feparation when
they were full of common Airand had an Atmofphere
of Air condens’d on their outward Superficies.

~ Secondly, Having exhaufted the included Air, 1in-
jeCted an Atmoiphere (the fame quantity as in the

former Experiment) onthe external Surfaces of the
He-
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Hemifpheres; and thenI found that 280 pound (which
was double the weight before requir’d) was not fuf-
ficient to feparate them: I was unwilling to add
more weight (tho’ I knew 2 fmall addition muft
have done it) for fear of breaking fome of the wea-
ker parts of the Machine, which might have been in
danger by the fall of fuch a weight; the Experi-
ment being full and conclufive without it.

~ Now, what can be a plainer Demonftration (even
to Senfe, ) of the Preflure of the Air, than this?
Here was no greater quantity of Air injeCted on
the out-fide of the Hemifpheres, than when the Com-
mon Air was left within them; and yet they were
prefs’d together by a force above twice as great as that
in the former cafe: (for the force that comprefles,
is always proportionable to the weight requifite to
make the feparation.) ‘Therefore that fame 4ir,
contiguous to their outward Surfaces, pre/s'd againft
thofe outward Surfaces; and that with a force a-
bove twice as great as it did in the former cafe.
This Property of the Air therefore, is certain be-

yond all difpute.

L S E'C T,
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SECT. IV.

An Experiment concernming the Proportion of the
werght of Awy to the werght of an equal bulk
of Watery without knowing the abfolute Quan-
tity of either.

I Took a Bottle which held more than 3 Gallons,

(but how much more, we have no occafion at.

prefent to take notice of,) and of a form fomething
oval : which Figure I made choice of, for the ad-
vantage of its more eafie Libration in Water. Into
this Bottle I put as much Lead as would ferve to
fink it below the Surface of the Water. And the
reafon why I chofe rather to have the weight of

Lead inclos’d within the Bottle, than fix)d any where

on the out-fide, was, to prevent the Inconveniences
which in the latter cafe muft needs have arofe from
Bubbles of Air: For thefe Bubbles woula have inevitably
adher’d to, and lurk’d in great plenty about the body
of the Weight, had 1t been plac’d on the out-fide:
Which muft have caufed fome Errors in the Com-
putations of an Experiment that requir’d {o much
exaltnefs and nicety.

Thefe things thus provided; the Bottle (contain-
ing Common Air fo clos’d up,) was by a Wire {u-
{pended in the Water, at one end of a very good
Balance ; and was counterpoiz’d in the Water by a weight
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of 358%1 graies in the oppofite Scale. Then being
taken out of the Water and ferew’d to the Pamp,
in 5§ minutes time it was pretty well exhaufted
the Mercury in the Gage ftanding at near 29i inches.
After which (having turn’d a Cock that fcrew’d
both to the Bottle and the Pump, and {o prevented
the Air’s return into it again, ) it was taken off
from the Pump, and fufpended as before, at one
end of the Balance in the Water. And now the
weight of it was but 174 grains ; which. therefore
fubtratted from 358; grains (the weight of the Bot-
tle with the inclos’d Air, before it had been applied to the
Air Pamp,) gave for the difference 183 grains; which
difference muft eonfequently be the weight of the
quantity of Air, drawn from the Bottle by the
Pump.

Having thus determin’d the weight of the ex-
haufted Air, a Cock was open’d under Water, up-
on which the Water was at firft impell’d with a
confiderable violence into the Bottle, (tho’ this force
abated gradually afterwards;) and continued to
rufh in, till fuch a quantity was enter’d, as was
equal to the bulk of the Air withdrawn. And then
the Bottle being examin’d by the Balance again,
was found to weigh 162132 grains: From which
{ubtratting 1743 grains, (the weight of the Buttle with
the [mall remainder of included Air, after it was taken
rom the Air-Pamp,) there remains 1619563 grains,
for the weight of a maffe of Water equal in bulk to the
~ quantity of Aw exhaufted. So that the proportion of
the weights of two equal bulks of Air and Water, is as .
183 to 1619563; which is as 1 to 88535 ; or, in
round Numbers, as 1 to 885. .

L2 And
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And there are two things particularly obferva.
ble in this Experiment,

Firf, That in making it after this manner,
onie need  mot be wery [ollicitous about 1 nice and ac-
curate Exhauftion of the Receiver, The Succefs of
the Experiment does not at all depend upon it;
for to what degree foever the Exhauftion be made,
it muft ftill anfwer in proportion to the quantity
taken out. Neither can any more Water poffibly
enter into the Receiver, than what will juft fup-
ply the place and fill up the room, deferted by the-
exhaufted Air.

But, Secondly, The Seafon of the Year is to be con-
fider’d in making of this Experiment. 1 made it in the-
warm Month of May; the Mercury in the Barome-
ter ftanding at the fame time at 29+5 inches.

From whence ’tis reafonable to conclude that a
fenfible Difference would arife, were it to be tried
in the Months of December or Fanuary; when the
State and Conftitution of the Air, is ufually dif-
ferent from what ’tis in the foremention’d- Month.

0 e
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An Experiment fhewing that the Afcent of Liquids:
wn [mall "Tubes open at both ends, s the [ame
i Vacuo as m the open Arr.

"Took three fmall Tubes of different diameters, and”
fix’d them in a piece of Cork, inan exaét per-
pendicular pofition: Alfo their lower Orifices were:
fet as nicely inoneand the fame Horizontal Planeas 1
could. This Cork I faften’d to a Wire, which
pafs’d thro’ fome - Collars of Leather, included in a
Box on the upper Plate of the Receiver; by which
means I could at pleafure elevate or deprefs the
{mall Tubes, without any danger of the Air’sget-
ting in. Then fome Water, which was tinged e iz
with a deep Colour, being fet on the lower Plate ; 7% 1.
the fmall Ttubes  (which had never been wetted)
were drawn to the upper part of the Receiver by
the help of the foremention’d Wire. And the Air -
being exhaufted, the faid Tubes were made tode-
{fcend (by the fame Wire which drew them up,) till
their lower Orifices were immers’d. juft below the [ur-
face of the tinged Liquid.. This was no fooner done, .
but the Liquor mounted wup in each of them to a -
confiderable height above its [arfacg in the Bafon ; but .
higher in the [maller Tubes than in the larger ones.
And, what was farther worth nqr;it:e, the Liquid.
fo
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fo elevated was alfo retain’d in thefe fmall Tubes,
tho their lower Orifices were lifted outof the Wa-
ter.

Upon the re-admiffion of the Air, the Fluid food
at the very fame elevation, in cach of the Tubes,
.as it did before. 'What height foever it mounted to
dn Vacuo 5 it preferv’d the fame, without the leaft {en-
fible alteration, when the Air was permitted to
have free accefs to it again.

So that the Matter of Fatt obfervable in this Ex-
periment, is contain’d under thefe two Heads.

Firft, That the Fluid rofe in the [mall Tubes in the
Exhaufted Receiver,

Secondly, That the admiffion of the Air made no change
in the Height, |

From both which put together, it follows di-
reltly (as1 take it) that the Air is not the Caufe of
the Rife .::f Liquids in fmaﬁ Tubes., Forif it be, how
then does the Liquid come to rife in the exhaufted
Receiver ?

If it be faid, that the Varwum is not a perfe&
one, and there is fome portion of Air left in the
Receiver; I enquire then, if that {mall portion of
very-much-weaken’d Air left in the Receiver was
{ufficient to raife the Fluid to fuch a height, would
not a new force of Air let in, have made an alte-
ration, and carried it yet to a greater height? If
the Liquid rifes by means of that Air left in the
Receiver, ’tis certainly by vertue of its Preffure on
the Surface of the Stagnant Fluid, into which the
Orifice of the {mall Tube is put: And therefore
when that Preffure is ftrengthned by the force of a
new ‘quantity of Air admitted in, this more pDW?I

u



|
|

e

L77 -

ful' Caufe fhould produce a greater Effe&t; and the
Fluid fhould rife hi%he'r: Which yet it does not,.
but keeps -at the {ame unvatied height. From
whence, I think, I may without {cruple conclude,
that the Air has nothing at all'to do in this mat-
ter : For ’tis plain Fact, that the abfence of it does-
not hinder, nor its prefence help the Effett: And-
what neither helps, nor hinders, no Philofophy in-
the World will aliow to be a Caufe.

Befides, if to the Matter of Fatt afforded by this
Experiment. we add a Confidetation or two more, .
it will render the Argument yet more fenfibly con-
vincing. For Liquids will riﬁ}; in {mall Tubes, 7z the
open Air (as we {ece every day:) Again, they wili
keep the fame height they have rifen to in Pleno, after -
the Air be drawn out and they be left in Vacuo,
Now joyn thefe two Confiderations with the for-
mer, and I think it renders the Evidence as com--
pleat as can be defired. For if Fluids will rife (in
fmall Tubes) iz the open Air, and alfo in the empty
Receiver; And if they will keep their height they
rofe to in Pleno, tho’ you make a Vacaum ; and keep-
their height they rofe to in Vacuo, tho” you make a:
Plenam ; then ’tis manifeft, that this Phenomenop.
is abfolutely indifferent, with refpett either to the .
Prefence and Aétion, or to the Abfence and Non-actionof
the Air: and therefore that the Air it felf cannot:
be the Caufeof it. -

Iwould farther add here an Obfervation or two.

that I have made, concerning the Properties of thefe:
[mall Tubes.

Firft;,
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 Firft, If a fmall Tube be bent into the form of
a Syphon, then obferve how high the Liquid would of it
felf rife in the fhorter Leg of [uch a Syphon, if is were
immieys’d in Water 5 for the Orifice of that fborter Leg
of [uch a Tube, muft always be at leaft as far below the
Jurface of the ffagnant Huid as that Height amounts
t0, before it will yun out at the longer Leg. Which is
a pretty remarkable difference between thefe {mail
and the vulgar larger Syphons. For in Thofe we
are not limited to any certain and parcicular depth,
at which the Orifice of the fhorter Leg muft be
plac’d before the Water will run out at the longer :
But 1n Syphons made of very minute Tubes, fuches
Tiquids will {pontaneoufly elevate themfelves in, there
15 requir’d a certain depth at leaft, for the immerfion
of the Orifice of the fhorter Leg; fince all Depths lefs
than the Height of the {pontaneous Afcent, will caufe
no effufion of the Liquid out of theOrifice of the lon-
ger Leg. |
And from hence ’tis an obvious Corollary, That in
[fmall 6){)99&;, whofe Orifices are of different diameters, thofe
need 1o be plunged to the leaft depth (for caufing the Water
to run out at the other Leg,) whofe Orifices are the lar-
ft.  For 1in Tubes of the largeft Orifices, the Fluid
a{cends of it felf to the leaft height. Wherefore fince
in order to the running of the Liquor, the depth of
the Immerf{ion muit be (at lealt) equal to the height
of the fpontaneous Afcent; it apparently follows,
that Syphons of a larger Orifice will run at a lefs
depth of the fhorter Leg’s immerfion below the Sur-
face of the ftagnant Liquid, than thofe of a narrower
Orifice will do.

é{ecw:d{y,-
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Secondly, By Trials made with Tubes of various
fizes and proportions, I found thisto be a conftant
and perpetual Rule ; viz., That fo much of the Liguor
would always rvemain fﬂ{pmded in them, when lifted up
out of the stagnant Fluid  as would be elevated above the
Surface of it, while they were immers'd in it. From
whence it follows, that fome Caufe (whatfoever it
be) which concurrs to the elevating of the Fluid in-
to the Tube, while it is immers’d; does contribute
as powerfully to keep it at the fame height, after
the Tube is taken out of the ftagnant Liquid.

An Account of an Experiment, concerning the
quantity of Air produced from a certain quanis-
ty of Gun-powder fired in Common Arr.

n

diameter of whofe Bore was near 2 of an inch.
e upper Orifice had a Ferrel, foder’d to a Screw
cemented on 1t, to which was erew'd a Cock: The
lower Orifice was quite naked and open, it being
no way needful to have any guard fet on that
part. Near the upper part of this Tube, in the
in-fide, was fix’d a piece of Cork, notch’d onm its -
edges, to give the greater fcope and liberty to the
Explofion. The Cork had a {mall Cavi#y in the mid-
dle of it,the better to hold the Gun-powder, which
was let down upon it thro’ a {fmall Glafs Fusnel, be-

M fore

1 Took a fine Glafs Tube, about 36 inches long, the
h



fore the Cock was {crew’d on. 'And-inthis manner;.
was the lower Orifice of the Tube plunged under the
{urface of the Water contain’d ina Veflel. The-
Cock being then fcrew’d on, and open; ’twas an
eafie matter, by fucking at it with ones Mouth, to-
remove the Preffure of the imward Air: by which
means the Prefflure of the ewxtward Air would raife
‘the Water in it to any determinate height. And-
the Tube being accurately graduated by a File on-
its out-fide, one might meafure the quantity of the
Afcent with all the eafe and exaltnefs imaginable, .
‘When the Water had got up to the intended mark,
the Cock was turn’d, which kept it fufpended there.
And a Burning Glafs being applied, the Rays, were
drawn to a Focus upon the Gun-powder ; which
fired it very quickly, and forc’d the Water down
with a great violence ; but it rofe again fuddenly.
afterwards ; however, it refted fo far below the mark
it ftood at before the Explofion, as was equalto the
quantity of feeming Air  produc’d thereby. The
quantity of Gun-powder ufed in this Experiment,
was exaltly one grain. And Ifound that the quantity.
of fpace the Water had deferted jult after the Ex-
plofion, was fuch as would contain nearly a cubi-
cal inch of Gun-powder,; the weight of which avas
equal to 222 grains. So that 222 grains of the fame.
Powder, feem. (as foon as bred) to produce fome-
thing, which pofielles the {pace of fo many cubical -
wnches of Airs  WNow  wherher the [pace deferted by the
Water 15 pofjefs’d by a Body. of the {ame weight and dénfity;
or which has the fame Gualities with Common Airy 1dare
not desermine ; f{ince an Experiment I lately made
(r0 i1y bow mush the heat prodae’d by the Explafion of te
Gup-poswder . mipht comtribute to the largenefs oj} the
pace
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foace deferted by ‘the Water) feems to conclude othet-
wife. That matter was thus:

The whole fpace deferted by the Water, was di-
vided (length-wayes) into 20 equal parts... Now an
hour after the firing of the Gun-powder, the Water
had afcended about % of the whole fpace, which
was 2 inches accurately {peaking, or fuppofe it. to
be 2} inches. At the c?;ﬁance of two Hours after the
firing , it had got up tonear = of the fam¢.  And
then Tjudg’d it might have been of an equal’ Tem-
‘per with the external Air, (and confequently not have
given way to the Liguid to have rifen any higher.?
But continuing the Experiment ftill farther, T tound
(to my great {urprize) that two hours after, the laft
Obfervation, the Water had mounted to about ;5 of
the fpace. Next Morning (which was about 18
hours diftance) it had reach’d near 32, or % the firft
deferted {pace. And continuing thus to rife, I
found that at the end of 12 days, the Water had
afcended to fomething more than 2. And at x3
days, it had reach’d 19 of the 20 parts at firft de-
ferted by it. And at this ftation it ?‘f.i‘j%fd! continuing
there for 8 days, 'without alteration. 7 T M

I would obferve one or two things here, before I
make any Deduttions from this Experiment.

Firft, That I all-along m}iﬁder’ﬁ the Tempeﬁu‘m'é qffbe
Air, and found that it coniributed nothing atall to this
odd Phenomenon,

Sécondly, 'That tho’ the Account, here given may
feem to ‘thwart [ome Accounts formerly given about the
firing of Gun-powder in Vacuo, yet, confidering the

k3 ' M2 ’ valt
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wait difference of the Mediams in which the Experis
ments were made, they may be reconcil’d to one
another. For when the Gun-powder was fired in
fo thin a Medium as # near Approach 0 a Vacuum,
*tis plain that the Air remaining in the Recesver could
fuffer no more by the Explofion, than in proportion
toits quantity : which quantity i)eing fo very incon-
fiderable, the Effetts could but anfwer accordingly.
Befides, were thofe Experiments to be repeated
again, fome Occurrences, which at the firft Trials
might pafs unheeded, would perhaps be taken notice
of, which might render all more eafic and agreeable
than now it {feems to be. '

Corol. 1. Tis plain, that the matter produc’d by the
Explofion, (whatever it were,) was of a [pringy contraitile
Nature, and but very little in #dﬂtﬁ?, in proportion to
the [pace which it at fir[t forc’d the Water oat of. Forx
it reduced it felf at laft into the 20th part of the
{pace deferted by the Water; that is, into the 20th
part of a fpace equal in content to a cubical inch,
or 222 grains of Gun-powder. So that it was in
bulk equal to no more than about 11 grains, which
is nearly the 23th part of the aforefaid number.

Corol. 2. The Contraition or Reftitution. of this
Jpringy matter was not equable and uniform, nor indeed
(as far as I could. find,) ascording to any regular Law ;
but very difproportional with ffé&&, to the Tumes. For
the degrees of the Contraltion would be as the Spaces
(reciprocally) into which the Matter was reduc’d by
that Contraction; and the Spaces into which the
Matter was reduc’d, were exa(tly difcover’d by the
afcent of the Water. Now at one hour (after the firing.
of the Powder) the Water had afcended 2 of the Di-

vifions ;
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vifions; at 2 Hours, 4 ; at 4 Hours, 5 ; at 18 Hours, 10
at 270 Hours, 17; at 432 Hours, 19 ; where it {tood
without alteration for the fpace of 8 Days: So that
the encreafe of the Waters Afcent, and confequently
the Reftitution of this contraltile Matter, was very
far from-being equable and  regular. At firft it an-
{fwer’d in proportion to the Times; but afterwards
varied enormoufly from that Law; as is apparent..
For in the firft 4 Hours, it rofe § Divifions; and at
the end of 38 Hours, it had rifen but 10 : So that
in thelaft 14 Hours of the 18, it had gain’d no more
fpace than it had the firft 4 Hours; which was 5
Divifions. And {o in the reft that follow,.the diffe-
rence was-[till greater..

NB.. Whether the Matter, which was the Caufe
of this-Phenomenen,. were real Common Air or no,.
isswhat I. will not venture to determine: ’Tis {uf-
ficient for my. purpofe to have propos’d the Matter
of Falt, and to have prov’d that this Matter had
fuch and fuch Properties. To me it feems highly pro--
bable that it fhould be.an Heterogeneous Compound of
Common Airy. of fome Aerial parts.vefiding in the Gun-
powder, and of the Nitrous and Sulphureons Matter which
are Ingredients in the fame. For all thefe muft
needs (I{hould think) be violently hurried and mix’d
together, upon the Explofion ; and confequently;
muft all joyntly compofe one Heterogeneous Me--
dium, which afterwards difplay’d it.felt by fuch Ef+
fects as I have now mentioned.

The Elaflick or Self-reftoring Property of this Matter;.
{cems cheifly to be owing # the 4ir contain’d there--
in. Aund that the Springs of . dir may be Jo difordered by,
a violent impulfe, as to require Time to recover thesr Naw
tural ftate again, will be very clearly made aqut by,
the following Experiment, o

-
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An Experiment about difturbing the Spring of
| the Aur.

¥ Took my Cu:;den{?ﬂg Engine,and put about % a pint
-R of Water into the bottom part of its Brafs Reces-
ver. 'Then the upper part being ftrongly fcrew’d on, I
threw into it with the Syrizge about 3 or 4 Atmo-
fpheres of Air, as near as I could guefs: and in this
te I fuffer’d it to remain fomething more than
an Hour. Then letting out as much of the Aif
( by taking off the Syrimge) as would readi}}/ go
away , I prefently fcrew’d on in its room a Box of
Leather Collars, thro’ which there pafs’d a fmall Gla/fs
Tube, open at both ends, whofe lower Orifice was
‘plunged under the furface of the included Water.
After this, in a very little time, I found the Water
had afcended near a Foot in the Tube; and it con-
tinued rifing, tillit had reach’d near 16 inches.
- Upon a Repetition of this Experiment, I let the Air
remain in that ftate of Compreflion for about 18
Hours. 'And then (proceeding in all refpefts as be-
fore) I found the included Water afcend gradually
in the Tube ; and obferv’d That motion for the {pace
of 6 Hours: At which time the little Tube was ac-
cidentally broken, and fo farther Obfervations for
that time prevented. But however, from hence we
may infer,

Corol.
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Corol. 1. That the Springs of dir may be o difturb’d
by violent Impulfes, or éaﬂg Compreffions, .e:}f to fzgﬁire
confiderable time to recover. their Natural Tone and Tems--
per again, .

Corol. .2.. And the Times which the Springs of Air
will require for their compleat veftirution, will be greater
or lefs, according as the Forces by which they are thus im--
pell’d or comprefs’d, are greater or lefs; or according as
the Times during which they continue in that viclent fizre’,
are greater or lefs. 'That it fhould be fo, is perfeftly.
confonant to the Nature and Properties of the Air;
and that it is fo, the Circumftances of the Experi- .
ment evince. For when the Air had lain comprefs’d -
for about 18 Hours, the Afcent of the Water was .
more {low and deliberate ; it creeping up gradually
for the fpace of 6 Hours together. But when it had *
fuffer’d the Compreflion but for the fpace of an
-Hour ; the Water advanc’d upwards in the Tube fo
faft, that in a very {mall time it had mounted a
whole Foot. And there’s no reafon:at all to doubt,
but that longer Time, and more valid Compre(lions,
would produce f{till greater and more confiderable
Effe&ts, as to the times of the Springs recovering .
themfelves. ,

And hence therefore; were this Proportion once fet-
tled and effablifl’d by a [ufficient number of Experiments
from the Air's foregoing Compreffion, one might limit and
foresell the Motions ofVthe included Liquid; and, vice -
versd, from the Motton of the Liquid, one might infer.
the Air’s foreguing Compreffion.

. Cﬁl‘ﬂi. 3 -WIJE?‘E'UE?" therefore (in any Bodies whate
loever) the included Springs of dir fuffer any fuch Coms-
RAg ] preffions.
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preffions as thefe are, or any anfverable to thefe; and there
be any contiguous Fluid Matter for thefe Springs, as they
reftore themfelves, to prefs upon; thefe [ame Effeits muft
follow:  Thar is, the Fluids muft be put in motion, and
advance according as the others pre[s them and if they
were in anyfort cyg motion beforethat motion mufl be alter’d,
and either accelerated or retarded, according as the Cmrﬁ
and Diyeition of the Fluid be either with or againft that
of the Aerial Springs, while they are i» this aition of Self-
reftitution. And Pfr/,mp.r [feveral Phenomena, as well in
Plants and Animal Bodies, as in other Syflems of Mat-
ter in our Globe, may owe their true Rife to fome fuch
Caufe as this.  ’Tis certainly a poffible Caufe, from
the Laws of Staticks ; and perhaps inquifitive Per-
fons may find out fome Eifects of it,

An Account of an Experiment, fhewing the Caufe
of the Defcent of the Mercury i the Baro-

metery i a Storm.

? "WAS obfervable in the late violent Storm of

Wind, that the Mercury in the Barometer
4id not only fubfide very confiderably, but alfo that,
upon extraordinary Gu[fs, there were fenfible and
manifeft Vibrations of it in the. Tube.

Now, to account both for the Depreffions and Vi-
brations of the Mercury in thefe and fuch-like Cafes,
I contriv’d the following

Expe-
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EXPERIMENT. i

“Having provided a Receiver, A, which held aboutse Fig.r
16 Quarts, I comprefs’d in it about three or four V'
times its natural content of Air, by the help of the
Syringe B: Which Inftrument is for ghat purpofe
‘fcrew’d on at ¢ c. This done, and the Stopcock D,
fitted to this Receiver, 'being turn’d; the Syringe
was taken off; and a Brafs Pipe about half an inch
diameter, reprefented by E E, {crew’d on in its
room. ‘This Pipe is inferted into a well-fitted Brafs
Socker, which 1s fixXd 1n a {quare piece of Wood F F,
and that direftly.againft .a Twbe, G G, which enters
the fame. piece of Wood, and is plac’d parallel to the
Horizon. Now, out of the fame piece of Wood,there
- rifesa naked Barometer, H H, the Ciffern of which lies
open to the paffage leading from the forefaid Pipe
E, to the Horizontal Tube G. Befides this, out of
that fame piece F, there proceeds another Horizontal
Pipe 11, which runs to another {quare péece of Wood
K K, plac’d at the diftance of 3 toot from the for-
‘mer. And this fecond piece K, has likewife # Barame-
ter arifing out of it, LL; the Ciffern of which is
alfo open to the Horizontal Tube1, and by that
means maintains 2 Communication with the open
Ciftern of the other Barometer. All the parts of
the Machine being thus difpos’d, the Stop-cock
~was turn’d ; and the condens’d Air rufh’d out of the
Receiver with a great force thro’ the Pipe E, which
difcharg’d it into the Horizontal Tube G. The re-
fult of which was, that this rapid current of Air [o lefJen’d
the Preffure of the Atmofphere upon the ftagnant Mercary
in the Ciflerns of the refpeitive Barometers, that the
Mercary was made thereby to defcend ar leaft 2 inches.
: Nﬂ-}r,
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Nay, that Barometer L L, which was 3 foot diftant
from the Aerial Stream,  was equally affeited as the
nearer one H 1 ; the Mercury {ubfiding nearly to a
juft Parallelifm in both. And ’tis farther obfervable,
that as the Force of the current of Air diminif’d, fo the
Weioht cy" the Atmq{:ﬂhere recover’d its § trength again, and
forcd the Meresry in the Barometers to 4 gradual aftent,
Hence '

Cor:}l. 1. We have o clear and matural account of
the Defient and  Vibrations of the Mercury, in wviclent
Storms and Hurricanes, For the mighty Force of
thofe gufts of Wind, will weaken the Preflure of
the incumbent Atmofpherick Columns; from'whence:
a Defcent of the Mercury muft neceflarily follow.
And ‘the interrupted uneven A&ion of thofe Blzffs;or
the quick and fudden Returns of them, are capable
of producing and continuing the Vibratory Motions.
(i.e. the quick Afcents and Defcents) of the fame.

Corol. 2. Not only the different Forces, but alfo the
different. Direltions of Winds, are capable of producing-
& Difference in the [ubfiding of the Mercury. ‘That
Winds of different Streagths fhould produce proportio- .
nal Effelts, in breaking the Preffure of the Atmofpheric
Columns ; is as reafonable, as that a greater Power
fhould fuftain a greater Pondus, or takeoff more of the
the Preffure of the fame Pondus, than a lefs can do.
And ’tis no lefs evident, that the different Direttions of
the Aerial Currents, muft be attended with different
Effe&ts too.; thofe whofe Courfe is fromthe lower
towards the higher Regions of the Atmofphere,
having both fborter and fizer Columns of Air to en-
counter the Farce of, than thofe whofe Courfe is
ffom the higher to the lower, where the Columns
have both more length and denfity too. T fpeak this

with
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with refpett to the real difference of the Effeét in it
felf, and not as to the outward fenfiblenefs of it to
us ; for changes may happen, when we can’t or don’t
obferve them. But all other Circumftances being
alike, this Circumftance of different Direfion muft, I
doubt not, produce a real Variety. And if all other
Circumitances are not alike, then the Proportions of
the EffeCts will be had from the Compofition of the
Proportions (either direéZ, recipracal, orboth tegether) of
the Caufes which make thofe different Circumftances.

Corol. 3. Strong Winds may affelt the Animal Qeco~
nomry, upon this very account, of their altering the Pref-
fure of the Atmofphere. | ' " '

Let us imagine'a number of Pipes or Canals, of
an elaftick flexible nature, replete with fome Fluid ;
the Preflure of the incumbent ﬁtmzfghere 1s in this
cafe to be confider’d asa Pondus, atting againft the
Force of thefe Elaftick Canals, with that of their
contain’d Fluid. And according to Mechanick Laws,
thefe diftrattile Tubes will be {o far compre(s’d by
that incumbent Weight, till a juft Equlibrium is
produc’d between theitwo Antagonift Forces; and
then they will preferve themfelves on both fides in
that ftate, till fome farther alteration fhall happen,
to leffen the Momentum either of one or the other.
If therefore the Preffure of the incumbent Columns
of Air bein. any meafure broken or taken off; the
Canals will reftore themfelves fo far forth by  their
Elafticity, till the Momentum of their Renitency. be-
comes equal tothat ot the dimini{h’d Preflure.  From
whence;’tis manifeflt, ({uppoling the contain’d Fluid
to- be in Motion) that the Rate of the Progrefs
of that: Hluid, mull needs undergo an alteration,
ia proportion ' to . that of the Change made in
N 2 the

(0
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the external Preffure. For the ftfonger Preffure
will ftraiten the ‘Canals, and confequently encreafe
the Velocity of the Fluid: as, on.the other hand,
the more feeble Preflure’ will' give way to the
Canals endeavouring to enlarge themfelves ; and
by that- means will contribute to the more flow
and deliberate motion- of the Fluid. The applica-
tion of all which to the Bodies of Animals, is very ob-
vious and eafie: For they are nothing ‘more than (o
many complications of branching Canals; and tender-
flexible Membranes,eafily yielding to an external Pref-
{ure or-Pulfion, and capable of reftoring: themfelves
by their. innate Spring.. The great weight of.the
Atmofphere is always prefling down -upon thefe
Machines; and ’tis the fpring and renitency of their -
parts, which is the counter-balance toit, and preferves
them from receiving injuries by it. The Velfels con-
fequently, which ferve for the Diftribution of the A-
nimal Fluids, being differently firaiten’d and com-
prefs’d by the various weights of the incumbent
Atmofphere ; the Liquids are affeCted with new
and different degrees of velocity. And therefore
when any extraordinary Changes happen in- the
Weight and Preffure of the Atmofphere, there muft
be (cateris paribus ) as confiderable Changes in the
motions of the Fluids. But violent gufts of Wind,Hur-
- ricanes, and the ltke; will neceffarily produce very
great differences in the weight of the  incumbent
Atmofphere: And therefore, I fay, very confiderable
Alterations may be made in the Motions of the Li-
quids in Animal Bodies, by {fuch Caufes as thefe.

- From whence it follows, that whatever Changes
are poflible to be produc’d in Animal Bodies, by
the meer alteration of the velocity of the Liquids;
are (in fome meafure at lealt) producible by very

ftrong -
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firong and violent Winds: And thefe changes in the

-Animal Oeconomy, (viz. that dépend upon thealter’d

Velocities of the Eiuidg ) are not a few.

" Corol.’ 4. 'The'weight-of the: Atmofpherg:being
diminifl’d in one place, it is alfo as much diminifh’d
at the fame time in another place, which holds a
communication with the former.

This is plainly: vifible in the Experiment it felf, .
For the Force of the Airin the Ciftern in the In-
¢clofure F, being broken by the violént eruption -
out of the Pipe E ; that alfo of the Ciftern in:
the inclofure K, which communicated with the for-
mer, was fofar diminfh’d too, thac:the Mercury.
(whofe height depended upon it) fubfided inthat Ba-
rometer juit (or near)as much as in the other. And the
like Effe&ts muft be produc’d otherwhere, when the .
Circumfitances anfwer to. thefe. here, . /

D A

An Accownt ~ of [ome - Experiments. made on the
- Phofphorus » Vacuo. _

ExperiMENT L .

Y Aving provided a dark Room, I drew fome

“R Lines with the Phofphorns on a piece of Blue
- Paper: This immediately became luminous in the -
open Air, and apear’d with a Wave-like Undulating
Motion. But being plac’d in a Receiver, after {ome
few Exf{u&ions, the undulation ' ceas’d; but the
Light feem’d- confiderably augmented. 'The Recei-
ver being farther exhauged,' it grew fiill brighteg'
: ' " and !
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ahd ¢ontinued with that encreafe - of Luftre, till an
‘admiffion of Air, which did fenfibly ~dimmifh it,
This decay of the Light was alfo gradual, anfwering
to the gradual admiffion of the Air : Tho’ upon the
Repetition of the Expériment, fome Perfons prefent
believ’g &he Light not altogether {o brisk and vivid
as af nric, . :

ExrerimeENT IL
3

¥ Took two or three {mall pieces of Phofphorus.
A which being put into a Glafs Difh; I mix’d with
it a {fmall quantity of Q4 of Vitriol, Oil of Tartar per
Deliquium, and Qi of Cloves. This mixture fir'd
‘the Phofphorus in the open Air: but it was extin-
guifh’d again by the addition of a little common
‘Water., This Preparation being included in‘a Re-
ceiver ; very little Light appeat’d. But the Air be-
ing exhaufted, it became very apparent, witha brisk
and vigorous emiflion of Steams. The Ingredients
of this Compofition in the Difh, feem’d at the fame
time.to refemble a boyling Flame, and exhibited a co-
pious Light ; fo that feveral Obje&ts that were near,
Ef:r:amc very diftinguithable. And this lucid appear-
ance continued till the Air was admitted : but
upon that, all became opake and .datk. Neither
would fhaking the Engine (by =wvhich means the
mixture it feltunderwent an agitation) produce any
{enfible recovery of the Light. -

Expg-
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Exererivment I

Y Aving puta {fmall quantity of the foremention’d”

- 1 Compofition into a Bottle with a narrow
Neck, I included in it in a Receiver; and'it yield-
ed then but very little Llight. But upon the ex--
hauftion of the Air, it began to' be luminous; and
the Li%tn: improv’d in propection to ‘the encrealing
Rarefaltion of theAir, ifluing outof the Bottle in
a Pyramidical form.

At laft (tho’ the Receiver was well exhaufted) the .
Steams, then emitted, did fairly afcend'in that very
rare and thin Medmum, and reach’d the upper parts -
of the Receiver, (which was not a tall-one,) but
defcended’ down' again by the fides- of it. Upon
the Re-admiffion E}% the Air, the Light perfettly va- .
nifh’d'; and it would haveé been in<vain: (as I have .
often try’d) to have expe(ted the recovery of it in
the open Air, ,

Thefe three Experfiments do all exaltly agree, in:
confirming this Conclufion, viz, - That the Phofphorus-
Light is improv’d, bythe Rarefaction of ‘the ‘Air. . Coms
mon: Air 1S therefore fome way or other an Impg-
diment to the Acion of thofe Steams on which the
Light-giving Quality depends, 1t remains therefore
to beenquir’d, % vertue of what Property of the Air
itis, that the Altion of the Luminous Steamsis thus
impeded ? |

And I think it highly reafonable to conclude,.
that the’ Preffure of the Atmofphere is that Impediment
ﬂ}q}g the Luminous Matter in this cafe, For the Air,as
a Pondws incumbent™ on- the Body which contaiins-.

the.
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the luminous Matter, urging the Surface on all {ides,
-and rendring it cnnfequentlif more clofe and com-
-pad ; the lucid ' Steams, whofe efforts and endey-
vours to expand themfelves cannot balance this
over-ruling Preffure, are by that means kept in, and
¢annot be difcharg’d. 17y BErRY ¢ i oMIR T B
- Yet I do notfee'that we can argue here from the
Denfity and Gravity of the Air, confider’d as a Me-
dium, For if the luminous Matter were {pecifically
heavier then common Air, it would much more be
- heavier than rarefied Air in an Approach to a Va-
cuum; and confequently the Steams could not rife,
nor the Light appear, ( much lefs improvg,) in the
exhaufted Receiver ; as we feeit does. =~

‘Again. If any thing depended on the Luminous
Matter’s being {pecifically lighter than Common
Air, yet in the feveral degrees of Rarefattion
approaching toward a Vacuity, there would be
Mediums produc’d, approaching flill nearer and
nearer to the Specifick Gravity of the luminous
Matter. And confequently, asthe Receiver is. more
and more exhaufted, fo the Fumes fhould be dif-
charg’d in lefs plenty, and afcend with. lefs veloci-
ty. Whereas on the contrary, they rife more co-.
pioufly ; and (the Light being more bright and vi-
vid too) ’tis plain that they expand themietves, not
with lefs, but greater force. And therefore I think
the Gravity of the Air, as a Mediam, has very little
(if any thing at all) to do in this affair.  But the
" Preflure or Gravity of the Airy asa Pondus, 1 believe,
will account forit; and,as far as I can fee, 1s the only
Property that will do {o. _

I would remark here farther, particularly with re-
gard o the third Experiment, that the Pho/phorus
Steams were apparently fpecifically heavier thin

tne
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the Medium produc’d in the Receiver by the laft
exfuftion. For they did defcend in that Medium.

And from hence I may fecurely infer, that they
did not afcend in that Medium by Hydroffatical Laws,
but by the meer Impetus of their own Vibratory
Expanfive Motion, or the Force with which they
were emitted from the Body which contain’d them,
upon the removal of the Preflure which was be-
fore an Impediment to their difcharge. For, that
Impetus being {pent, or overpower’d by their Gravi-
ty, they neceflarily defcended again by vertue of
that Law, which obtains in all Portions of Matter
of all forts whatever,

An Account of fome Experiments made about the
Propagatim of Sounds i Condens'd and n
Raretied Aer. |

EXPERIMENT L
Concerning the Propagation of Sound in éandens’d Air.

Bell being included in a Brafs Recerver, was
plac’d at one end of a Room about 50 yards

in length: At the other end of -which, fome Perfons
ftood to obferve the Sound. %ef'ore any Air at all
was
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was injeted, the Bell ( by fhaking the Receiver )
might be heard at that diftance, tho not without dils-
gent attending to it, 'When one Atimofphere was in-
1e&ed (if I may take the liberty to ufe that expreffion,)
the Bell being fhaken as before, the Sound was ob-
ferv’d to be very fenfibly augmented.  When two
Atmofpheres were injetted, there was manifeftly 4
much more confiderable improvement of the Sound. But
upon the intrufion of the 3d, 4th, and §th Atmo-
fpheres, the Sound feens’d not to be augmented in pro-
portion to what it was at the firft and fecond. How-
~ ever, it wasobferv’d, that at this sthand laft injecti-
on, the Sound was very near as loud and fenfible at
the so yards diftance, as it was when the Bell was
firuck in the open Air, without being inclofed in.
the Receiver at all.

Now the Reafons of the Sound’s not pro[portio-
nably encreafing in fo much greater Condenfations,
I believe, may be thefe.

Firlt, The Deficiencies of the injeited quantities of
Air. For the Valve, which fhould have hinder’d the
return of the inje€ted Air, might not perform its
Office fo exaltly, or hold fo tight as it fhould have
done; and by that means fome portions of Air
might efcape,and confequently the quantities inje&ted
not be fo great as was {uppos’d : from whence it
would. be no great wonder, that there fhould be-a
failure in the proportion of the Encreafe and Pro-
pagation of the Sound.

Secondly,
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Secondly, Tho’ 25 Compreffions of the Syphor are

ual to the Natural Content of the Receiver ; yet
when the Air becomes pretty {trongly con-
dens’d (as ’tis by the intrufion of 4 or 5 Atmo-
{pheres,) the remaining Air at every ftroke, which
will-lie between the bottom of the Embolzs and the
Valve, tho’ it be but little, yet is of the fame den-
fity, at that time, asthe Airin the Recesver ; which
therefore, upon drawing up the Embolus, will extend
it felf to fuch a fpace of the Cylinder, as it can
Rl up by expanding it felf into the ftate of com-
mon Air ; and is fo much as this comes to, of what
fhould be injeCted at every ftroke: 25 of which
ftrokes, as I faid before, are equal to the natural
Content of the Receiver. And hence the Deficien-
cies of the real quantities, which fhould be injeéted
by a certain number of ftrokes, may be very confi-
derable; and to compute ’em, would be a bufinefs
of as much difficulty.

O Expe-
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ExpErIMENT I

HE fame Trial was made abroad in the open:
_ Fields, and with the fame fuccefs as the for-
mer. Upon fhaking the Bell before any Air was
inje&ed, the Sound was but juft audible at 30 yards.
diftance. 'When one Atmofphere was injeted, it
was heard as diftinctly at 6o yards diftance, as be-
fore at 30. Upon a fecond injetion, the Bell might -
be heard at go yards diftance, But after that,, tho’
near 100 ftrokesof the Forcer were repeated, yet it
could hardly be heard 20 yards farther; which I at-
t_ributt}:f: in great meafure to the Reafons before-men--
tion’d.. . |
~ The time when this Experiment was made, was
early , about five in the Morning, in the Month of
;{ﬂﬁe. The weather very mifly, and little or no Wind
irring. And the filence requifite for the nice
making fuch an Experiment, was by degrees inter-
rupted by the Sounds of the five a-Clock Bells, and
other noifes from the City : all which in fome mea-
fure contributed to the unfuccefsfulnefs.of the latter
patt of thé Experiment. But this I hope fome time.
or other tofprofecute farther ; not difpairing in the
mean time, of contriving fuch a Gage, as will fhew
the certain Quantities injected, without any danger
or: hazard in the Attempt.

=3 T ¢ \i .
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ExperimeEnT Il

Concerming the Propagation of Sound in- Rareffed
| Arr.

Aving included a Bel/ in a Receiver, which was -
fhaken to make it ftrike, it was very obfer-

vable that the interpofition of the Glafs betwixt the -
Ear and the Bel, was a great Impediment to the
Propagation of the Sound, tho’ it might be heard at
a good diftance from it, But the Air being.gra-
dually exhaufted, and feveral ftops made, to fhake
the Bell at the feveral different degrees of Rare- °
faGion®; I found that the Sound was remarkably di-
minifh’d at eachof thofe ftops. At laft, when the
Receiver was very well exhaufted, the Sound was
fo little, that the beft Ears could but juft diftinguifh
it: it being like a {mall fhrill Note, heard at a
mighty diftance. -As the Air wasgradually admitced
into the Receiver again, fo the Sound gradually en- -
creas’d ; this augmentation in the more denfe Medium, |
anfweting by proportional degrees to the Diminution
in .the more. Rarefied one. And when the Receiver -
was again replete with Air, the Sound feem’d fome- -
thing more clear and diftinguifhable, than it did "
when the Bell was firft included, before any of the.
Air had been drawn out. .
- 'The Obfervation therefore to be deduc’d from thefe -
Experiments, is this, viz, That Sounds are angmented
in Condens’d, and diminib’d in Rarefied Air : or, that
That Undulating Motion in which Sound confifis,
: 1S
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is propagated with more facility and advantage in
Condens'd, than in Common; and in Common, than
‘in Rarefied Aer.

And from hence we may infer,

Corol. 1. That the Diflances ar which the equally-
ftrong Percuffions of the fame [onorons Body [ball be equally
audible to the [ame Ear, in Condens’d, Common, and
Rarefied Air, Cor, which is the fame thing, in Airs of
different depreesof Denfity,) muft be taken in [ome propor-
tion to the Denfities of thofe feveral Mediums, thro' which
the Sound is thus propagated. And that tbe?{zfare, were
that proportion q/h!r!rﬁ’j by fufficient Experiments ; [fﬂm
the Denfities given, the Diftances might be inferr’d; or
from the Diftances given, we might conclude the Denfi-
ties requifite to make a Sound of a given Degree, to be
equally andible as thofe given Diftances. And therefore,
were we to f{peak of the utmoft Limits of Diftance,
at which any given Sound is audible at all'; ’tis
plain that thefe Limits muft be determin’d by the
fame Law of Proportion concerning the Denfities of
the Mediums. Becaufe the utmoft Limits, at which any
given Sound is audible at all, in any given Mediums ;
are likewife the Diftances, at which that Jame Sound is
equally andible in thofe Mediums. For whena Sound
is but juft audible in any Mediums, ’tis then equally
audible in thofe Mediums.

Corol. ». The Diftances at which the different or un-
equally-flroze  Forcuffions of whe [ame [oncrus Body [ball
be equally aidible to the fame Ear, in Mediums of diffe-
ren: Denfitics, muft be taken, in [fome proportion, com-
pounded of the fbrengths of the Percaffions, and the Den-
frrees of che Mediums., And univerfally, to have

| Sounds
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Sounds ( ceteris paribus ) audible or diftinguifhable
in any given ratio; will require {ome compofiticn of
the Proportions of Diffances, Denfities, and Forces of
Percuffion.

Corol. a} Speaking [trictly, Sounds are not at all times
equally au tble to us here upon the Surface of the Earth,
I mean, the like Percuffions of the fame founding Bo-
dies, are notat all times to be heard with the fame
facility, at the fame diftances. The Reafon of which
is fufficiently manifeft , fince the ffare of the Atmo-
[phere here about us, undergoes fuch frequent Viciffitudes,
(and thofe fometimes very confiderable ones t0o0,) as .
to Rarefaétion and Cﬂﬁdﬁ’ﬁf{ﬂﬂﬂ.

Corol. 4. Sounds diminifh or become lefs audible,
as we afcend upwards from the Surface of the Earth : And
therefore-in the upper Regions of the Atmofphere, and
efpecially in thofe where the Planets revolve, [onorous
Bodies muft be at a diftance almoft infinitely near, (that i,
in contalt with the Organ it [elf;) or the Force with whech
they are [truck, almoft infinitely great; for Sounds to be
equally audible, with what they are here upon the Surface
.:} the Earth, 'The Reafon of which 1s plain, from
he prodigious Rarefattion of the Medium in thofe

egions. A Globe of fuch Air as we have here at
the Surface; if plac’d at the height of a Semi-dia-
meter of the Earth, would expand it felf at fuch a
rate, as to fill all the Planetary Orbs - as far as that
of Saturn ; nay, and a much greater {pace than that.
And That Medium, in which the Planets perform
their Revolutions, is fo fine and rare, as that its
Refiftance is wholly imperceptible, though they
have gone their Rounds in it for fo many Ages.
To what a degree of Rarefattion then does the
| Medium .
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Medium arife in thofe {fublime Regions? And what
perception fhould we have there ot fuch Sounds,as
are here propagated to our Organs with a great deal
of eafe and force? For, the ftrokes of the founding Bo-
dy being equally forcible, the diftance of the Organ
muft belefs, 1n a rarer Medium, in fome proportt-
on to that rarity; that the Sound may be equally
~audible, asin a Denfer: And the Diftances being the
{ame, the Strength of the Percuffions muft be pro-
portion’d to the Rarety of the Medium, in order
to produce the fame Effet : And confequently,
when the Rarefaction of the Medium &8 (as it is in
thofe Regions, ) fo vaftly tranfcendent to what ’tis
here on the Surface of the Earth; an Organ fo made
as ours 15, muft either approach almoft infinitely
nearer; or the Sonorius Body mult be ftruck with a
force almoft infinitely greater; that a Sound may
imprefs the Organ there, equally with what it does
here. The crackling of Thorns in a Fire, would
thake our Ear with a vaftly-more confiderable force
here, than the largeft Cannon, or the moft dread-
ful Claps of Thunder, would do there; were either
of them difcharg’d at a much lefs diftance from the
Hearer than what weare now {peaking of.

The Mufick of the Spheres thereforeis an Entertain-
‘ment, which we ought to defpair of ever hearing ;'
and That Confort, be ivas Celeftial as it will, yet
wants a fit Medium (if that were all that is wanting,)
to convey it tous. The old Philofophers were much
in the right, in faying thefe fine Sounds were never
to be heard; and as much in the wrong, in laying
down that for the Caufe, that the Noife was too
ftrong and overwhelming to the Organ, for us to
have any percebtion of it.

Corol. 5.
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‘Corol. §. The Diminution of Sounds in Afcents or
Elevations above the Surface of the Earth, will be in
Jome proportion to the Defcents of the Mercury in the
Barometer at thofe FElevations.

For were the Diminution of Sounds exaftly in
a fimple or direit proportion to the Rarefaction or Ex-
anfion of the Medium, at any heights in the Atmo-
phere; that Diminution would be exattly in a fimple
reciprocal proportion to the heights of the Mercury in
the Barometer at thofe Elevations : becaufe the Expan-
fions of the Air are found to be reciprocally as the
heights of the Mercury, And therefore if the Di-
minution of Sounds be in fome complicate direct pro-
portion of the Expanfions of the Medium, it will
be alfo in fome complicate reciprocal proportion of the
heights of the Mercury in the Barometer. And
confequently the Barometer might be made ufe of,
to difcover and determine the Diminution of Sounds
in any Region of the Atmofphere ; provided it were
well determin’d by Experiments beforehand, in
what proportion Sounds diminifh according to the
Rarefaction.
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An Account of an Experiment, concerning the Re-.
filition or Rebounding of Bodies, i Various

Mediums.

Provided a tall Glafs Recesver, in the upper part

of which T had a Contrivance for the lodg-
ment of four Marbles, ( fuch as are generally fold
at the Shops,) and from whence I could let them
drop down on a Plaze at pleafure. The diftance
from the Pline to- the place where the Marbles
were lodg’d, (and confequently the fpace of their
defcent,) was about 134 inches. And as to the
bulk of them, two of thefe Marbles weigh’d 59
grains; and the other two, 63 grains. -The Plane
on which they were to fall, was a round flat piece
of folid Glafs, about 1 inch thick, and 34 inches
over ; the upper Surface of which was very well
ground and polif’d. 1t was fixX’d in a Tin Frame,
contriv’d on purpofe to keep its lower Surface from
being contiguous to the Plate or Leather on which
the Receiver was plac’d : the reafon of which Con-
trivance was, to prevent an Inconvenience which
Erould otherwife arife; as fhall be fhewn by and
yAll things being thus provided, the Marbles were
dropt in Common Air ; that is, in the Air included
in the Receiver. After this, the Air was exhaufted,
and they were dropt in Vacuo, And then an Atmo-
fphere of Air was injelted, befides the natural Con-
tent of the Receiver, and they were ler fall in ébﬂ
on-



e Ry e M TN
“Condens®d Air. 1 fay, one Atmofphere ; for T did. not
dare to venturé more, left ‘the breaking of ‘the Ré-
ceiver (whichwould be a hazardous thing) fhould
have been the Confequenceof it. ~ .~
Now' T found, that the Refilition of the Marbles
dropt in Vacno, was fomething 'mote than that of thofe
in Common Air': Andthofe let fall in Comimon Air, had
fome advantage in theit’ Rebound, above thofe let
fall in A4ir Condéens’d. 'The Rebound iz Vacuo was
about 10} inches, (Which was ‘more than 1 ‘of their
Defcentl) In' €ondens’d Mir, it was about 10 in-
ches.  Accordingly; in Common Air, we muft count
the Refilition to be a Mesn between the other two:
For ’tis extreamly difficult to determine to a Nicety
in a Motion {o fudden, and of {6 fhort'd duration.
But this however is certain, that there was a fen-
fible differefice between the Rebound of thofe dropt
in Vacwo, ‘and thofe in Condens’d Adir. As for the
difference (of the Weight'of thefe Bodies, '1 could not
find that That made any difcernible alteration in
their Refiéxiof, v "o o T,

I would give one Caution here, which may ferve
to' prevent thofe, whofe. Curidfity may lead them
to'miake théfe Experiments, from falling into. an
Errour, whichT' my felf very narrowly efcap’d. .

The Glafs (as T faid before ) s };g’d in a Tin
Frame, on purpofe to keep the lower [urface of it from
being contiguons to the Plate or Leather, on which the
Receiver was placdd,  For when I firft try’d thefe
Experiments, I us’d a Stoxze Plane, laid carelefly npon
the Leather which cover’d the Plate on which the
Receiver ftood : And accordingly, the Air being ex-
haufted, the Marbles would not rebound fo high by
an inch, as when the Experiment came to be made

P2 on
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on the fame Plane in Common Air. The reafon of
which was plainly this : That the Air being ex.
haufted, the Leather confequently fwell’d, and by that
{welling rais’d the Plane which lay on it; and fo,
caufing it to lie more foft and hollow than when
*twas only in Common Air, by this means the Re-
{ilition became lefs in Yacuo, than in Common Air :
and -the Event of the Experiment prov’d quite con-
trary, both to what it ought to have been, to-what
was expefted, and to what after came to pafs, For
having fix’d the dpparatus, as before mention’d, all
things fucceeded then, both according to expeifation,
- and to Philofophical Theory,

Corol. 1. In any exalt Computations-therefore of the
Refilitions ﬂf Bodies, Account must be taken of the State
? the Ambzent Medium : For the Rebounds of the
ame Body will not be the fame, in all the various.
conditions of that, as to Rarity and Denfity..

Corol. 2. Here's a manifeft Proof of the Air’s Res

ﬁ ence,

I know there are many other Proofs befides ; but,
I fay, this Experiment alfo.furnifhes one. For the
Difference in the Rebounds is no otherwife poffible to
be accounted for, fince the Experiment may be re-.
Iy’d on as made to a fufficient degree of Nicety..

Cl
aXHHE
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Some farther Experiments concerning the Ele€tri--
aity and Light, produc’d from various Bodies
by Attrition..

ExrperiMEnT L

Being a farther Improvement of one made beforey. to
the [ame purpofe..

riments, how Bodies included in a Glafs, might

affeCted with a very fenfible Motion, by the bare
approach of one’s Finger near the outfide. I have
here fomething to add to the Account of that Swr-
prizing Phenomenon, which will render it more won-
derful {till: And the Appearance in, this Trial was
fo. much the more confpicuous, by how much the
Apparatws made ufe of was better contriv’d and
adlapted than in the former. | :

1 obferv’d then, B

~ That when the Motion and Attrition of the Glafs raseviz.
had been continued about two or, :hree minutes, Fig. 6
and then ceas’d ; the Threads feem’d, to. hang in
great diforder, and without any degree of ere%}{cun
 at all, for fome {mall tume. They .continued in
 this pofture (as near as I could count) for al]:;but
three.

JT has been fhown in one of the foregoing Expe-
e
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three or four feconds, and ther they were extended eve-
vy way towards the Circumference ::{ the Glafs; and
that-with-fuch a ftrength; that theMotion of the
Glafs alone would not very much affet ’em. But
the ftrangeft thing of all, was to fee, that 2 Motios
wight ke mpre[Sd. upon, them- by, the  approach aof one’s
Fingery Hand, 'or ‘any. other Body, at more than thrée in-
ches diftance from the ontward [mrface of the Glafs, tho
the Threads themfelves did not touch the imward one.

T obferv’d further,

That every time the Motion of the Wheel and the Ax
trition of the Glafs were repeated, the Threads might be
mov’d, by the approach of omes Finger on the outfidey at
a ﬂf!! greatey diftance, | i

Nay, I have found fince, that by blowing with ones
Mouth only towards the Glafs, at three or four foot di-
ftance, the. Threads would have a very confiderable motion
gtvenem. _ i1 : B aec i

And; when 1 have fuddenly fpread. my Hands up-
.on 'thefuplper and lower parts of the Globe, there has
been a wviolent Agitation of the Threads within, which

has alfo lafted for [ome time,

. From thefe Obfervations we may gather,

. First, 'That the Caufe of the Ere&ion of the
Threads ( whatever it be,) tho’ cerzainly excited By
the Motion and Attrition of the Glafs, yer does not
necef[arily work its Effect immediately, wpon that, Mo-
tion and Attrition, sbpbter 1

For we fee the Threads were quite loofe and
motionlefs for three or four feconds of time; and
then they were extended, like fo many Radi, to-

wards the Circumference of the Glafs. =

i &



[crrr]

"Tis worth enquiry here, Whether the fpace of
time between the Ceffation of the Motion, and the bea
tnning of the Ereition of the Threads, will be the
ame in all Seafons, and in all Conditions of the Am-
bient Air. As alfo, Whether the longer or [burter con-
tinuance of the Motion and Attrition of the Glafs, before
they ceafe ;. does contribute any thing to the lengthning or
fhortning this Time of the unaltive [late of the Threads,

before they begin to be erected..

Secondly, *Tis manifelt, there’s a Communication be-
tween the Medium without, and That within the Glafs.

This follows from the Motions and Tremblings .
of the Threads, upon the approach of other Bodies
pofited on the outfide.

Thirdly, Not only a Communication, but a Conti-
nuity, of the Matter which occafions the Motion of -

~ the Threads. The Progrefs of it deems to be in a-
 ftreight and direct track; in which the Matter is.

pufl’d by the fborteft Courfe, from the Approach’d

~ Body to the Threads that are fhaken by it. And if

]
]
.
]

l

the Threads are mov’d by influence of any Matter
emitted from the Glafs, it appears to be impoffible
to explain how they fhould be fo, and ar fuch di-
ftances, without a Continuity. So that. the Cafe
feems to be thus; That the Effuvia pafs along, as'
it were in fo many Phyfical Liues, or Rays; and all-
the Parts that compofe them, adhere and joyn to.
one-another, in {fuch manner, that when any of ’em.

'~ are pufl’d, all in the fame Line are affetted by that

Impulfe given to others. |
And for this purpofe the following Objervations de-
ferve to be confider’d.

Obfervat.
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. :Obfervat. 1. Having laid a piece of Leaf-Brafs be-
tween two pieces of Wood, about an iach thick,
and an inch afunder ; I apply’d @ well-rubb’d Tube
as near as the Wood would permit.; but the Brafs
receiv’d no manner of motion. But as foon as the
Wood -was remov’d, it was attralted vigorouily,
without any frefh Astrition of the Tube,

Obferv. 2. When the Tube was well rubb’d ; if
a piece of Paper were immediately apply’d, {o as to
touch the upper part of it; the Leaf-Brafs, {catter’d
up and down upon the Table, would not be at-
tralted at all, tho’ ¢he Tube were held very near:
But upon removing the Paper, thofe Bodies were put
into {fenfibly brisk motions.

‘Obferv. 3. When a piece of Leaf-Brafs is hunted
about a Room; it keeps its diftance, according as
the Effluvia are more or lefs vigoroufly emitted :
Nor will it by any means fink into the Sphere
of the Effluvia, unlefs it meet a Body in its way ;
and then it will be attraited and repel’d feveral times,
with a great {wiftnefs.

Obferv. 4. It may alfo be very properly urg’d

upon this account too; that in the Experiment lfﬂr
prate 111 PY0AHcing Light by the Efflavia of the ontward Glafs,
Figx, falling on the inward exhaufted Glafs in motion ; after
the Motions were ceas’d, a Light might be produc’d

. on the inward Glafs, by approaching ones Hand
near the {urface of the outer one. 'Which feems con-
vincingly to fhew That Property of the Effluvia, I
have been here fpeaking of. | .

Obferv,
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Obferv. §. When the Tube was fil’d with fome other
matter than Air, the Attraétive Power of the Effluvia
was confiderably abated.

Thus when I had ftopt up one end of it with a
Cork, and fill’d its Cavity with dry Writing Sand ;
tho’ the fame Attrition was made as before, yet
the Leaf-Brafs had no Motion given it, till the Tube
was brought within an "inch or thereabouts of it.
But if the Sand were fuddenly fbot out of the Tube, then
it would attralt the [ame Bodies at dowble or treble the
foremention’d diffance, without any new Attrition at all,

This laft Experiment compar’d with one before
recited, makes way for a very confiderable Obfervati-
on: whichis this.

I have formerly thown, That when the Air contain’d
in the Tube was exhanfted, the Attraitive Power wasquite
loft, or very near fo.

And here it appears, That when the Tube was fill'd
with a Heterogeneous Body, the Attraitive Power was ex-
ceedingly weakned,

Now in both Cafes there was az Exclufion of Air,
and in both Cafes the fame kind of Effe&t follow’d,
viz, the Lofs of the Attrailive Power.

Only, where the Tube was exbazfled, the Air being
more perfectly excluded, the Attraltion was alfo more
remarkably loft, than when itwas fll'd with Sand,b
which the Air was excluded too, but zor fo perfeit-
lyas by the Exhauftion.

Now I take the Refult of thefe two Experiments
in conjunétion, ro be a fignal Demonftration of the In-
fluence and Intereflof the Air, in thefe Phenomena, And
1f uponthe filling the TFube with other fortsof mat-
ter (than what I made this Trial with,) the Effeét flill

Q appears
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appears to be the fame; it muft then pafs fora Truth-
not to be difputed. Tho’ on the other hand, #f,
when the Tube was fill’d with other Matter, the Ef-
fect fbould not anfver in the [ame manner or degree, but
the Attra&tive Power fhould be pretty ftrong and -
vigorous : yet this will be no conclufive Argument againft
the Imtereiitr of the Air in thofe particular Experi-
ments, which I have here mention’d. For ’tis pof-.
fible that other Matter may in one cafe yield that
affiftance towards the produétion of the Effe&, which
fome A&ion or Operation of the Air may afford in
another different Cafe. |

And I think it may ftand for a very ufeful
Enquiry. FHow far other [orts of Matter, withwhich
the Tube may be fil’d, will any ways influence the Attraitive
Force of the Effluvia, fo as tomake any fenfible alteration.

i it ¢

ExreriMmeENnT I

Concernang the EleCtricity of Sealing-Wax..

Fitted a Wooden Cylinder (of about 4 inches-

- diameter, and 3 in length) to an Axis, and
plung’d it into melted Sealing-Wax, in which I kept
it moving round till it had gotten a Coat of above
tan inch thick, on its Surface. “The Wax was of
the beft fort T could procure; and the quantity mel-
ted'was 12 /6. Having thus prepar’d the Cylinder

i
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I plac’d it on the Machine, and gave it the ufual
Motion and Attrition ; which having been continued
fome {mall time, I held the Hoop of Threads (made p,,. vy
ufe of in the Experiment of the Glafs Globe and CylinsFig. 3.
der) direltly over it. The Effett was the fame, a5
in thofe Experiments. For the Threads were diretted
by the Attraition, towards the center of that Circle, in
the Plane of which the Hoop was placed. And
while they remain’d thus direfted, they would in
like manner fly the approashof omes Finger.  And Leaf-
Brafs would be flrongly attracted and rerurw’d, or car-
ried about a Rosm, by the Effluvia of the Wax, as I
have elfewhere fhewn it would be by thofe of Glafs.
And the Effluvia of Wax likewife will be fexfibly felt
upon the back of ones Hand, if the Wax (after At-
trition) -be moved to and fro, near it ; juft as thofe
of Glafs may be. So that the Eleffrical Qualities of
thefe two Bodies are the fame, asto all the moft Ge-
neral Properties. 'They differ only in degrees ; the Ef-
fluvia of Glafs producing more Powerful Effeéts, than
thofe of Wax. ,

Concerning the Light prﬂdmié;e from Sealing-Wax.

At Night, 1 gave the foremention’d Cylinder
the fame Motion I had given it in the Day (when 1
tried the Ele€tricity of it,) and 1 applied {fome clean
new Flannel to it; but there was very little or no
Li%ht at all produc’d by the Friftion of thefe two
Bodies.

Q= But
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But when, inftead of the Flannel, I applied sy
naked Hand, a confiderable Light appear’d; the Proper-
ties and Circumftances of which (as far as I have
obferv’d them) I fhall comprehend in the following
Particulars.

This Light was wifible only in that part, where the
Atirrition was made. The Light produc’d by the
Attrition of the Glafs Globe, was vifible by its odd
Flafhes, all over the Surface of the Globe. It fpread
fardbeyond the part where the Attrition was
made.

This Light depended moft immediately apor the Mp-
tion 5 and would eontinue no longer, than that cortinued,
Some Lights produc’d by the Attrition of Glafs,
have Jafted for a while, even tho’ the Motion has
aCtually ceas'd.

None of this Luminous Matter would be commaunicated
to oneswlinger, when held near it., Whereas in the
Lights produc’d from Glafs, it was otherwife.

This Light produc’d by the Friction of the Hand, on
the Wax, in the open Air; was hardly [o confiderable, as
that produc’d by an Attrition made with Flannel, in
Vacuo.

For That Light in Pzcuo, was very difcernable on
each Arm of the Brafs Spring, that embrac’d the Flan-
nel. And could the Attrition have been made with
ones Hand in that wvery-rare Medium, there’s no doubt
but the Light would have been ftill much greater.
So that in this cafe there feems to be an Agree-
ment between the Lights produc’d from Wax and-
Glafs 5 viz, That both appear to more Advantage in.

Vacuo, .
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Vacuo, thanin open Air; that is, in a very-weak and’
much-rarefied Medium, than in one of more Force
and Denfity. And there’s no Reafon to believe, but
all other Lights will agree in this Property too:
Nor is it at all ftrange that it fhould be fo, confide-
ring the fize and tender Nature of the Effluvia, on
wh:;h thefe Lights, produc’d by Attrition, do de-
pend.

Having thus {hewn the Properties of this Light,
produc’d by the Attrition of Sealing-Wax ; 1 would
fubjoyn an Obfervation or two, which, I think, may
deferve notice..

Firff, The Light produc’d by the Attrition of
Sealing-Wax and Woollen, agrees exaltly in one re-
markable Property, with thar which is produc’d by
the Attrition of Amber and Woollen.

For they (both of them) difappear when the Attrition

rmﬁf.

Secondly, This Light agrees, in another Property,
with fome Light produc’d by the Attrition of Glafs
and Woollen.

For the Light of Sealing-Wax is confin’'d to that
part only where the Attrition is made. And fo it is
fometimes in the Fri¢tion of Glafs on Woollen: For
tho’ the Light does many times [pread all over, yet
at other times ## is limited only to that part which is
rubb’d : as was obferv’d in one of the foregoing Fx-

periments.

Thirdly, This Light, and That produc’d from Glafs,
agree in another confiderable Property, tho’ in very

different Circumitances of the Bodies themfelves.
: For,
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“For; if #Glafs Tube be exhaufted of irs Air, the Light

produc’d will not adhere to Bodies plac’d near it. Nor

will any Parts of the Light, produc’d from Sealizg-
Wax, in the open Air, faften upon Bodies which

~are fairly expos'd to it, tho' brought very near.

So that the fame Property-which, in owe cafe, dif-

'covers it felf in theopen Air; in the other, neceflarily

“requires a Vacuity, in order to the produttion of it,

So that. the Efflavia of two different Bodies, (which

vtherwife do wot agree in the [ame Property) may come to
agyee in the ﬁ:‘me Property, _E:y the bare alteration of ‘an

external Circumflance, or by fome change in the ffate of the

adjacent Bodies. As here, by the meer Subftraction

of Air from the Cavity of the Tube, the Luminous
Efftuvia of Glafs (which otherwife had the Proper-

t}( of adhering to Bodies plac’d near,) become now of
th

at Nature, as »ot to adbere; wherein they agree

exaltly with thofe of Sealing-Wax, provok’d by At
“trition in the open Alr.

LQuery. Suppofling Lac and Vermilion, to be the
Ingredients 1n the Compofition of Sealing-Wax ; whe-
ther the Artraitive Quality be owin cieiﬂy to the
Former or the Latter? Which will be anfwer’d, by
trying the Attractive Power of eqwal Bulks or Maffes

-of the fame Sealing-Wax, made up with different Pro-

{ar’ﬁam of thefe two Ingredients. Ex. gr. Suppofe
take any two quantities of Lac and Vermilion,
and with them make a Spherical or Cylindrical Bo-
dy of Sealing-Wax : And then for a fecond Com-

‘pofition, take either a greater or a leffer quan-
tity of Lac than before ; and mix {fo much Verm:-

lion with it, as will make a Spherical or Cylindri-

-€al Body, of the fame dimenfions exallly as the

former.



former+ If the Lac be more,and I find the Aftration
of the fecond mixture ffronger than that of the firft;.
’tis plain that the Attraction is principally owing to the -
Lac: Butif the Lac be lefs, and the Attracion be ftill -
ftronger ; ’tis plain that the Advantage of Attra-
&ion lies on the fide of the Vermilion: Or vice versd. .
And fo with refpett to any other Faifitions Bodies, .
we may difcover what Ingredients (and in what
proportion ) do principally conduce to this Effet..

And the fame Enquiry may be ufefully made,
with refpet to the Luminows, as well as the Artrae -
ctive, Quality. .

And T fhould think it no inconfiderable ftep to- -
wards the advancement of our Knowledge of the
True Nature of Bodies, to be fatisfied upon what
Principles or Ingredients in their compofition, their -
Light and Elecfricity do mainly depend.

For this Point well fettled, with refpe& to Fai-

* tious Bodies; we might be enabled to judge more
truly of the Caufes of the like Effelts in Nataral

Compofitions. .

Expe~-
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Experimext I

Concerning the Ele&ricity, ¥c. of Sulphur
and Rofin.

Aving provided two Wooden Cylinders, of the

fame dimenfions as that mention’d ia the for-

mer Experiment; I coated their outfides, the ore

with Szlphar, and the other with Colophory or Rofin

mix’d with Brickduft ; which was added on purpofe
to bind the Rofin, and make it more hard.

Having given the firi# of thefe the ufual Motion
and Attrition, I brought it near the Hoop firted with
Threads , and found that the Threads were attrailed,
and directed to sts Centre; but not near {o ftrongly, as
when the Sealing-wax was us’d.

: And this, upon feveral Trials, was ftill much the
{fame. :

ThenT try’d the latter, (viz. the Cylinder coat-
ed with Rofiz,) and found that the Threads were drawn
to the Centre with more force and wigour, even than
when the Experiment was made with Sealing-wax :
But this is to be added, that the Rofin Eaving
been melted, was not quite cold at the time when
the Trial was made.

This is the main of the Experiment; to which I
muft fubjoyn thefe following Obfervations.
Firit,

.
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Firft, That when the Trial was repeated with
thefe Bodies, the next day ; the Electricity of both was
Jo inconfiderable, as fcarce to deferve notige,

Secondly, The Rofin, while warm, would attral
Leaf-Brafs, at the diftance of an inch or two, with-
out any Attrition at all.

Thirdly, In both thefe Trials, the Threads would
fly the approach of ones Finger ; but if Sealing-wsx
or Amber were held near them, tho’ they were neither
f{ them rabb’d, yet the Threads would have a ftrong ten-

ency towards them, A Phenomenon I never obferv’d
any thing of before; and which gives a very fur-
prizing inftance of the At¢ractive and Repulfive Forces.
That the Threads fhould be attratted by an Eleftri-
cal Body, while warm, tho’ the Attrition were ceas’d ;
(as for example, by the Rofin, while it yet retain’d
a degree of Heat;) this 1s no %reat wonder ; but
that they fhould be attralted by fuch a Body,in a
ftate wherein that Body was perfectly free from cany
degree of Heat, and without any preceding Attri-
tion to excite and rouze the Efffavea; this I think has
fomething very odd and peculiar in it. Nor do I
think That centrifugal Motion of the Threads, upon
the approach of a Finger, lefs furprizing. The
Threads were altogether 7z the fame fiate, when each
of thefe Bodies, that produc’d thefe wery different Effeéis,
were plac’d near them. And yet they were repel’d
from fome of them, and attratted by others. But
now, before that the dwmber and Sealing-Wax on the
one hand, or the Finger on the other, were brought
near them ; the Threads had been mov’d and aéfed
| R wupon,
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u‘ﬁﬁﬂ, by thofe Eleétrical Bodies mention’d in the E,xlpgn‘_ :

ment. From whence thefe two Queries.

Firft, Does that previous motion and excitation of the
Threads, any way caufe or contribute to this {0 ve- -
ry different an Effett, of their . flying from one Body, .

and [trongly tending to another?

Or, Secondly, Is the Reafon of this Phenomenon «

to be entirely deduc’d from the Natures of the

Bodies themfelves, to which the Threads were expos’d? So -

that by Vertue of fome Law or other, unknown to us,

the Threads fhould rend towards This Body, and fly the -

approach of That.

Which of ‘the two is the true Caufe, T muit: leave -
at prefent to farther enquiry : And I think alfo it will !

not be very difficult. .

Thus much for the Eleéfricity-of thefe Bodies.  Asa

to their Luminows Quality, 1 have but little to fay.

Upon an Attrition of the Rofiz in the Dark, 1:

could, find no Light at all,

And but wery little from the Sulphur: And that -

not by a Fri¢tion made with my open-Hand neither;

but by holding the ends of my Nails very hard upon .

it, while it was in motion. . And therefore, # either

contains but avery fmall portion of luminous Matter in it 5
ot elfe, That Matter is frongly retain’d n:irhiﬂ_ the Body
of # ; {o that the ordinary degrees of Attrition are -

not fufficient to bring it forth. .

I am aptto believe, that the Laster is more the .

true Reafon, why {o fmalla quantity of Light is pro-
ducible from Sulphur; than the Former. For Aétion

and Re-aclion are equal in all Bodies, Now as Light
alts more upon Swlphar (and Swlphureous Bodies) -
L ' than .
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‘than it does upon any others; {fo reciprocally Sul-
‘phur alts more upon Light. = And therefore, it being
more ffrongly held inthe Body of the Sulphur, by ver-
tue of that Law; the Emsﬁm of 1t is mach more dif-

cult. |

! -Por fuch a Degree of Attrition, the Momentum
whereof exceeds the Momentum of the Attraction of the
“contain’d Luminons DMatter by the Body which contains
‘it iswecefJary to educe Light, or Laminous Matter, out
of that Body,

And therefore Bodies which do with equal faci-
lities emit their Light, fhould feem to have equal
-attraltive forces on that Matter.

And Univerfally, The Attraltions fhould be pro-
‘portional to the Forces of Attrition, all other Cir-
cumftances being alike.

I tried whethei Sw#lphar would emit any Light,
by an Attrition in Vacwo: but with all my endea-
vours I could find none. .

Now there was a véry vigorous Light produc’d
by an Attrition of Sealing-Wax in Vacuo ; more.con-
fiderable than that produc’d from the fame Body in
the open Air. Whereas the Effets of Saulphur were
juft the contrary : There was a fmall Light, produc’d
with much labour, in the oper 4ir; and none atall
in Vacuo,

Query 1. Does the Abfence of the Circumjacent
Medium any ways contribute fo the more flrong Re-
rention of the Luminous Matter in the Body of the
Sulphur? If {o; it has an Influence to produce the con-
trary Effect in the cafe of the Sealing-Wax, where a
brisk Light appear’d when the Air was withdrawn.

R 2 Or,
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Or, 2. Are the Efluvia of the Sulphur indeed
emitted in Vacuo, as well as in the open Air ; but
not fenfibly Luminous in that State of the Ambient
Medium, thatis, not Vifible?

ExeperiMmeEnT IV.

Concerning fome very Uncommon Effe@s of the
Effluvia of Sealing-Wax.

N that Experiment, where the Threads are in-
cluded in a Glafs Globe, and, upon the Attriti-
on of it, point every way from the Center to the Cir-
cumference , it was obferv’d that, in that State, a
Motion might be given to the Threads, by the ap- .
proach of ones Hand near the outfide. And this
odd appearance, we know, is to be attributed to
the Effluvia of the Glafs, excited by the Attrition.
For by fome things formerly mention’d, it appears
they are endowed with a Quality, which renders
them capable of producing fuch Effe&ts.

But I find, that the Efffavia ?‘ other Bodies, held
without the Globe,will alfo perform the [ame Thing. 'Tho’
the Threads are f-'#dtidfaf there, and the Globe has no
Motion nor Attrition at all given it; yet it another
Electrical Body be plac’d near, they will move after
¢ wvery flrange and Jurprizing manner.

~ For
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For they did fo when I held rubb’d Sealing-Wax
at the diftance of 3 or 4 inches from the Globe.
' ﬁgg éiméfr, or.a Glafs Tube, would produce the fame
- Leaf-Brafs, cover’d clofe with a flatbottom’d Glafs,
upon a Table; would have a brisk motion given it,
by holding the rubb’d Sealing-Wax over it. And
one fingle Attrition of the Wax, would' be [ufficient
to keep thofe included little Bodies ftirring for a con-
fiderable time. Nay, they have continued their Mo-
tion after the Wax has been taken amway.

This [bews the Pemetration, Subtilty, and wvery greas
Aétivity of the Effluvia (at leaft of thefe) Eleitrical Bos

dses,
But ’tis to be noted here, °

Firft, That this Experiment will not always [ucceed..
_ Sometimes not at all; much lefs in that degree, I

+ have here related. And the reafon of this I take to

be from a more Humid Temper of the Air, in which
ftate fome little moifture was probably condens'd
upon the Surface of the Glafs ; and enough to be
fure, might eafily be, to obftruct the Paflage of
Bodies fo fine and fubtile as thefe Effluvia.

Secondly, This Inconvenience may be remedied, when
it does happen. For if the Glafs be plac’d a: whilein
the Sun-[bine,ora little warm’d by the Fire, or well
rubb’d with a warm dry Limnen Cloath ; then the
Leaf-Brafs, if the rubb’d Wax be held over it,
will be put into as brisk motions as- before.

Thirdly,
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Thirdly, This warming or rabbing of the Glafs, feems
not only to clear it of the moifture, that might be con-

dens’d on its Surface; but alfo, by aituating the parts of

“the Glafs them/elves, and perhaps raifing fome little quantity

of Effluvia from it, encreafes the force of thofe of the
Sealing-Wax, and venders their aition on the included
little Bodies more confiderable.

This I conclude from hence, viz. That when'l
had us’d any of the foremention’d methods, to clear
the Glafs from any thing of Soil or Moifture it
might have contratted ; I found I could give 4 Mo-

- tion to the Leaf-Brafs, only by rubbing my Finger on the
outfide of the Glafs, without any affiftance from the Wax.
‘But yet when the rubb’d ‘Wax-was held over it,
the motion of the included Bodies would be much more
- brisk,
However, when the Air ts warm and dry, I never

-found any occafion todo-any thing to help forward

‘the Action of the Effluvia; their paffage being then
fufficiently clear; and the Bodies within, {hewing by
“their variousagitations how much they lie expos’d
. to their Power,
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An Account of the Succefs of an Attempt to keep
Jeveral Atmofpberes of Air condens’d in the
Jpace of one, for a confiderable Time.

" Took a very [lrong thick- Flint-Bottle, which I had
- procur’d to be made on purpefe for this Experi-
ment; into which' I injeCted with my  Syringe be-
tween 4 and § Atmofpheres of Air; asan included
Gage, of-abou# 43 inches in length, plainly enou%h--
{hew’d. . For, the Mercury riﬁiiig up fo far,as to fill
about ¥ of the whole Gage, confequently comprefs’d
the Air in the upper part of it, into nearly % part
of the fpace it poflefs’d before. This Air continued -
in that ftate of viclent condenflation from March
the 3oth, . till about the 7th of Augsff following.
At which time happening to look on it (as I ufual-
ly -did once in 4 or § days) I found that the smpri- -
[on’d Element had made its efcape. . Nor was I at any -
lofs for the Caufe hereof, when I confider’d the -
semperate heat of the weather for fome time before. -
For one day efpecially, I obferv’d that the Spirit in
- the Thermometer had alcended 120 degrees above the -
Freezing Point, 'This hot ftate of the Ambient Me-
dium, was fufficient to. produce the foremention’d
Effe& ; and to render the Cement, by which the Brafs-
Cap of the Bottle was faften’d, (ever tho’ it was pre-
ferv’d, for the greater fecurity, under Water,) to make
it, I fay, fo foft and yielding, as not to be able to
refift the Efforts of the mighty Spring of the in-
clos’d Air. . By this means, all thofe parts of it,
whofe Springs preferv’d their Tone, readily cxeri :
| ted !
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ted themfelves, and got away out of the Bottle, lea-
ving others behind them which were not able to
unbend and confequently to gain themfelves liberty.
For I found that the Mercury in the Gage, continued
{1l about ! of an inch above the furface of that wherein
the open end of the Gage was immers’d ; by which it
appear’d,- that the Air in the upper part of the Gage,
ftill remain’d comprefs’d into a {pace, which was
about # part lefs than what the fame bulk took up be-

fore the injeftion. But whatdeferves moft particu-

lar confiderationis, that the Mercary flill kept the fame
beight, after its Surface in the Bottle was expos’d to the
open Air. So that thofe remaining parts of the
Air inclos’d within the Gage, though they had
all the Scope and Freedom pofivle, to expand them-
felves, yer did not do it; and therefore were fome
way or other render’d uncapable of {o doing. Had they
been as able as the others, which went off before ;
they had likewife gone off too. So that their long
detention in that violent ftate, muft needs have made =
them unable to unwind themfelves, fo far as was
neceflary to their own difcharge. And had not the
*foremention’d Accident happened, but they had con-
tinued in the condition they were in at the firft in-
jeftion 5 there’s no doubt basr the diforder they [uffer’d
would have been ftill greater, and their ncapacity of
Reftitution confiderably more. -
Thus much for the Experiment it felf.

And tho’ the fuccefs of it was not fo perfe&t as
might be wifh'd for, yet ’tis” fufficient to inform us,

That Air by long and violent Compreffionsy may (to all
appearance) ve depriv’d of much of its Elaftick Powey.

That the Self-reftoring Quality of thofe fize Springs
(which in many ‘inftances produce fuch wonderful

ﬁ-ﬁ‘e&s,)
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‘Effefts,) is fofar impair’d by their being beld bent for
-a long time together, that afterwards they do not
{fenfibly exert themfelves, tho’ plac’din the moft fa-
wourable and likely Circﬂmﬁames'fgr fo doing. NER

Thus we fee, that that portion of Air which was

left in theGage, was not able to depre(s the Mercu-
ry, tho’ the Surface of the Mercury in the Bottle
“was now exposd to the open Air. The ‘njur’d
Springs could not recover themfelves to their former
tone and temper, but continued ina {luggith reft up-
on the Mercury, even after way was made for their
free and eafie Expanfion,

Now if this was the Effe& of the Condenfation
of lefs then § Atmofpheres of Air ; the greateft part, of
which, made its efcape ; and the longeft time that any
part of it was held in this ftate of violence, was /it
tle more than 4 Months;, what would it be if g o 10
Atmofpheres were crouded into the room; of one, and
continu’d in that condition for as miany yéars, as the
other did Months? Would not this Air lofe its Ela-
fticity much more than the former? Would its tender
Springs be able to umvind themfelves much,. after fo long
and powerful a reffraint ?

Would not the Mercury keep its Height and Station

-in the Gage, notwithftanding that the Ve[lel containing

Air [0 compre[s’d as this, (bould afterwards come to be
expos’d to the open Element ?

What kind of Ligquid would f[o many Atmefpheres of
condens’d unelaftick Air, compofe ?

Would not Terveftrial Animals be fuffocated in it, as
they would be in Water or other Fluids?
S Would
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 Would not Fire in like marner b quickly extinguifpd,
and,_perhaps with fome noife and hiffing, if put into fuch
& Fluid as this? !

 Might ot -Ii;gbr Bad&s-(ﬁuf:h as thin Glafs.ﬁubb[es) :
float upon fuch & Medinm sy, fuppofing thems not above g-
or 6 times [pecifically heavier than common dir ?

< s it impoffible that' Air by this means ﬂmﬁ!d* become-
a Vifible, Palpable Fluid ; and be Sabject to fome of
the fame managements that other. Fluids are?

Whar would be the confequence of the altion of an in.
tenfe Heat upon Air thus compre[Sd and depriv’d of alf -
its Spring? Would it rarefie, and at laft recover its
Elaji{";igy againy by the Changes poffible to be wrought by
the long continued ation of Fire? Or, would its parts
be only violently hurried about, as thofe of other Lis -
quids are biy the like caufe, which afterwards fettle
and compofe themfelves again?



An Experiment concerning the Prodution of Light
~ ann an exbaufted Glafs (lin’d within-fide with
Sealing-Wax.,) upon an Attritton made without.

'Y Aving procur’d a Glafs Globey of about 6 inches
diameter ; I putinto it a convenient quantity
ot broken Sealing-Wax,and held it over a moderate Fire
till the Wax was melted. Then turning the Globe
about, that the Wax might {lip. from one place to
another ; it had quickly got a pretty thick Lineisggon
more than balf its infide: But ’tis to be obferv’d,
that it was not in all places equally thick, it being
impoflible to manage the melted Wax in fuch a man-
ner as'to make it {o. _ | | |
- Having: done: thus, I plac’d the Globe in e fit
pofture, and left it t2ll it was perfetly cold ; and then
having fix’d the Brafs-work to ity 1 exhanfled it of its
Air. It was (immediptely upon this) applied to the
Machine; reprefented in Pf‘;te VII; where the manser
giving motion to ity is [0 obvions, as needs no. defcyi-
ption;, and thén making an Aeirition with my Hard,
I obferv’d the following furprizing Phenomenon, which
the Ewvenizg (the proper time for fuch Obfervations)
permitted me to do’ with Breat advantage. |
My Hand was no fooner applied to that par:

- of the Globe which -~ was lined with the Sealing-

Wax, but I faw. the [bape aud figure of all the parts
of m_y’ Hand (which-touch’d the convex Surface of
the Glafs) diffinitly and’ perfeftly upon the concave Su-
perficies of the Wax withtn.  When the Glafs alone,

2 with-
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without any fuch Lining on the infide, is made ufe’:

of; ’tis obvious to any one (who Ras-{een or does but
confider the Experiment) how plainly a Hand muft

be feen, which is plac’d on the convex Surface ofa
Globe all over enlightned with a ftrong - ﬂafhi‘ng

Light. - And perhaps it may feemftrange,if I-fhoul

fay, that the Appearance was now as plain and wifible -
as then, notwithftanding the fﬂfffpﬂﬁtfﬂﬂ of the thick bo- .
dy of Wax. *Twas as if there had been only pure-

Glafs, and no Wax in the way; or as if the Glafs

had been away, and the 'Wax were tranfparent, .

This Lining, where it was {pread the thinneft, would
but juft -allow the fight of a Candle through it i
the dark. - But inf{ome places, it was at leaft-; of an

inch thick. And yet"even in thofe parts, zhe Light
and Figure were as diftinguifbable as any where elfe. .
Nay, tho’ fome parts of the Sealing-Wax- did-not -

adhere fo clofe to the Glafs as others, yer-the Light

pear’d on thefe, juft as on the reff.. 'This Light pros

a
cfuc’d, was ot -difcernible at- all thro> the body of the

Wax, but was to be feen by looking thro’ the other -
parts, where the Glafs was free and tranfparent. .
The Colour, and other Properties of it, refembled

thofe of 1h¢ Lilis produs'd rom pure Gl ; excepe

in this ene Inftance, Thar Hf-ﬂ.??—. the admiffion ﬂf 2 [mall

gﬂﬂﬁrir_y qf Air into the Globe, the Light wholly difap-

pear’d in that part cover’d with the Sealing-Wax, and -

not in the other. - s

HWhen all the Air was let i», the Hoop of Threads
being held over the Glafs, the Threads were attraéted
at greater diftances, by that part which was coated with

the Wax, than by the other. Buteven then, whenall

the Air was exhaufted, the Wax would attra&t Bo-

dies plac’d near the outfide of the Glafs: For in -

this cafe 1 found the Threads had their Central diretti-

0%y .,
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fﬂ, tho” mot fo wigoroufly, as when all the Air was
et 1n. i '

But this is further remarkable too, with refpect
to that ftate of the Air’s abfence; viz. that the Threads -
would not be. attraited, if held over that part of the
Glafs which had no lining of Wax on the infide : where-
as if they were brought within the Sphere of the
Effluvia of the Wax, they would dire&t themfelves
towards 1it.

So that in the Courfe of this  Experiment, there
are thefe following things to be taken notice of. .

Fitlt, A diftinct and lively reprefentation of the Shape
and Form of an Object, npon a ﬁgx’d opake Body, to which
that Objelt was not immediately applied ; and. this by the -
Light produc’d upon the Attrition of another Body ( [olid,
tho’ not opake,) to which that Object was immediately ap-
lied. -
: A Man would have been thought the Author of
a very ftrange Paradox, that thould have afferted
this, and at the fame time conceal’d the Experi- -
ment ; which fhews how and which way ’twas «

done. . |
Or, fhould it have been propos’d by way of Problesm, .
thus: To reprefeat the Figure of an Objeét (plac’d be- -
hind an opake Body) upon the contrary [ide of that opake
Body; and. this without the help of Optick Glaffes, or -
any foreign adventitions Lights: perhaps the Solution
might have been thought impoflible; or, it may be, .
the very Terms of the Problem it felf, abfurci,-anci ’
contradictory. . ‘ |
For, the Body on which the Figure is to be:
feen, muft be an opake one, (by the Hypothefis;)
and the Objed it felf plac’d on the contrary fide

£Q
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0 that which it is feen on : So that either the Light

muft be tranfmitted thro’ this Body, and then #is st -

apake, which is contrary to the Hypothefis; or elfe
the Light muft #or be tranfmitted, and then o Figare

could be feexn; for all diftributions of Light by Opri-
eal Artifices, are excluded by the firft Suppofition.

But we fee, this is not only poffible, but alfo plain
" Matter of Fatt.

From whence, I think, it may be ufeful to ob-
. fevve, That many odd “Effeits and Appearances, which we
may. argue very plaufibly to our felves, againft the Poffibi-
ity of 5 and [eem to find downright Abfuvdities and Con-
“tradiétions in; may yet be brought about by the genwine
Forces of Nature, aciing tn convenient circumflances, up-
on proper and fuitable Bodies,
~ And from hence; That we do not, upon fuch oc-
-cafions, proceed to conclude too peremptorily, what
~may or may not be done; and think, that every

Difficulty or dpparens Impoflibility to us, is a' Real

- one to Nature it {elf.

Secondly, The uniform Clarity and Per[picuity of the
Figure repiﬁmfd, thro’ all ‘the parts of rﬁ upage ?;Erdj,
(viz, the Wax,) oz which it was [een; being as vifible 1w
ihe thickeft and groffeft, as in the fineft and thinneft pares
of it 5 and on thofe which lay out farther from the Glafs,
as. on thofe which adher’d more clofely to i,

“Thirdly, A total Difappearance of the Light in all
‘that part cover’d with the Wax, upon the admilfion of a
fmall quantity of Air ; and its Continusnce in the other
parts of the Glafs at the fame time.

Both

Bl e e g
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Both thefe laft-recited Heads do alfo furnifh fome--
thing that looks pretty ftrange.

Here’s a Figure tranfmitted thro’ the moft denfe
and compa& parts of an opake Body, with the fame fa-
cility and advantage to the Eye, that it is thro’ thofe
which fhould feem the moft eafily pervious to the
radiant Matter which is to form the Reprefenta-.
tion.

Again : Here’s a notable Diftinttion obfervable in the
Lights produc’d. They were fuch, thit one and the
fame Caufe deffroyd the one, and left the other an- -
touch’d. 'The Air fwept away all which arofe from -
the parts liwd with the Wax; whillt the other Re- -
gions of the Glafs preferv’d their Light without any -
diminution.

Fourthly, The more ftrong and wigorous Attraition,
from that part of the Glafs lin'd with the Wax, than.
from the other : which was manifeft by the extent of-
the Attractive Power, from thence to greater diftan--
ces than what the other would reach to. .

Fifthly, The Attraition and Central Direction of the.
"Threads to the Wax, even while the Globe was exhaufted-
of its Air. '

This anfwers to.a like Phenomenon- of the Load-
ftone ; whofe Efffuvia will work their Effect, even
when the Stome it felf is plac’d 7# vacmo.  So here
the Threads were pufh’d towards the Wax, when

_at the fame time it.was iacluded in a Glafs, whofe -
Air was drawn out.. But then here’s this difference,
that the Threads were lefs vigoroufly drawn in this ftate,
than. when all the dir was let in ; whereas all Magne-'

tick:
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‘tick Attraitions are (at the leait) equally ftrong in
‘wacuo, as in the open Air,

Sixthly, The Limitation of the Sphere .:Z’ - Attraétion
to that particular part of the Globe, which had the
Wax on the infide, (duringthat ftate 'of the An’s.ab-
fence.)

Thefe things thus obferv’d; we may now reafon
a little upon ’em, in the modeff way of Enguiries,

1. May not one Body-attra&t (and as it were im-
bibe) the Effluvia of another contiguons Body ; efpecial-
ly when Motion and Waymth have made an eafie P&jﬁtge
for fuch Efflavia into the Interftices of that Body, whofe
attrative Power tends to fetch them thither ?

2. Might not (therefore) the Sealing-wax,’ by wer-
tue of that Law, incorporate with it [elf the Luminous
Efffuvia emitted from the contignous Glafs 2: Glafs gives
a free paflage to the Effluvia of Sealing-wax : '%day
not Sealing-wax (on the other fide) as freely ad-
~mit the Efluvia of Glafs ? :

3. Suppofing the Body of the Sealing-wax thus
charg’d and replenifh’d with the Luminous Efffuvia
of the Glals ; Would it not in that flate appear Lumii-
nous it felf ¢ Do not all Bodies that fhine, do fo
by vertue of Lucid Matter lodg’d in ’em ; and, in
fome degree, more or lefs forcibly darted from ’em ?
Why fhould not Wax, every where replete with [bining .
Corpufcles, appear [bining 5 as well as Wood charg’
with fiery parts, gives us the Senfation of a barning

. Coal ; or Suwoke throughly heated, that of 4 lively Flame?

4. What



T 137 7

-4 What is it to be pellucid, b#t to tranfmit Light
receiv’d ? Aud does not theWax thas tranfmit the Lumi-
nous Matter,artracted and imbib’d from the Glafs ?

5. Has nor the Wax (therefore) in this state, a fort
af ;'m#fparen{y? 1 {ay in this ﬂ.:f:f: For the Property,
25 limited to the P?‘Eéﬂ' Circumftances of thefe Bodies
cqncern’d in the Experiment ?

During the Artrition, there is an Ersption of Lu-.
minous Effluvia from the Body of the Glafs.
_ Does not the Attraction take place, as foon as the
Matter to be attraited is furnif’d by the contiguous
Glafs ? Is not the Wax faturated with Light as. {oon
as the Attration commences ? And when the Wax
is faturated witli Light, does it not thezn appear
luminous ? (that is, does it not communicate {ome

parts of the Light recerv’d, to the circumjacent
Medium ?)

6. Since therefore the Sealing-Wax in this ftate,
is not to be confider’d purely as an opake Body, which
oppofes the Tranfmiflion of Light, (as i really is in
all other Circumflances,) but as a Body every where

ervious to the Lucid Matter emitted from the neigh-
{muring Glafs; May we not from hence conceive, how
the Figure of an Object plac’d on the one [ide, may be re-.
prefented on the comtrary (ide thereof, ( namely, that
fide which is  turn’d towards the Eye of the Spetta-
tor ?) Why fhould I not as well fee my Hand
plac’d on the Glafs, whilft the Wax is thus oper to
the Luminous Effluvia; as fee it when I place it be-
hind any ordinary tran{parent Body whatfoever? ..

T ik



In a word; >Tis plain matter of Fall, that the-
Figure of the Hand is [een on the contrary [ide of the
Wax. And ’tis demonftrable from the very Circum-
ftances of the Experiment, that that Figure is not
form’d there vy any of the common ways of picturing
Objects by Refleited or Refradted Light..

The %i re therefore is trasfmitted thro® the Body
of the Sealing-Wax. But no Speciesor Piturecan be
‘tranfmitted thro’ an Opake Body while it continues--
to be Opake ; that is, while it continues impervious to
the Rays of Light. Therefore the Wax muft, a¢ that
time, be in the comtrary state; that is, pervious
to the Luminous Matter. This Luminous Matter -
is originally emitted from the Glafs in rhe Aé of
Attrition ; but how it fhould pafs from thence into-
the body of the Wax, without az attraftive force bring-.
ing it thither, 1 cannot (at prefent) tell how. to con--
GEIVE,

7. Qu. Whether the Figare was not as diffinétly.
form’d on the thickeft; as on-the thinneft: parts of the-
Wax, upon account of the Quantity of Luminous Efflu-
via every where attraited in proportion to the quantity of
attracting Matter ? And whether, it was not upon ac--.
count of the. very fmall (comparative)’ difference. be-
tween the. diftances of the farthefll and neareft parts of
the Wax, with refpeit to the Glafs; that the Luminous
Matter was pretty  equally drawn . to-- both, and fo
the fﬁpeamme-ﬁwme (to Senfe) equally diftinét on both ?
QOr that the wibratory motion of the Effluvia at their
Eraption from the Glafs, might bring them as well-
within the Attra&tive Sphere of the remoteft, as-
the neareft parts of the Wax.?

’- 8. I3
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8. Is mot the more flrong and vigorous Attraition from
‘that part of the Glafs lin’d with the Wax, caus’d by
the united attraltive Forces of the Glafs and Wax?

An Account of [everal Experiments about the Afcent
of Liquids, between the nearly-contiguous
Surfaces of Bodies.

\ 8 Ienever we give Natural Caufes an Opportu-
nity of exerting themfelves in  the 'fame or

fimilar Circumftances, we have reafon to expe&t the
fame or fimilar Effe@s. If any Phenomenon be the
Refult of fuch 4 Principle or Power in Nature, upon
Such or fuch an Application or Difpofition of External
Matter; then, when the like Difpofition is made
again, there’s little doubt of the appearance of the
fame Phenomenon. Some Effetts indeed there are,
plainly reftrain’d and confign’d to fome particular
Qualities of  Matter ; as the Phenomena of Light and
Eleitricity, ( before difcours’d of;) which won’t fuc-
ceed in all Bodies alike. Others depending upon a
far more general and comprehenfive Canfe, require mo
more, in order to their appearance, than fiz Cireum-
ftances, or a convenient Difpofition of Bodies, with
refpect to one-another ;,and {0, things being brought
within the Sphere of that Caufe on. which fuch Ef-
fefts depend, they are immediately produc’d of
courfe, by fome wmiverfal %#fffb’d Law of Nﬂfffg%
2
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Of this later fort (if T do not greatly miftake,) are
thofe Phenomena which we have now under Confidera-
tion.

The Experiments made upon the Afcent of Li-
quors in {mall Tubes, gave me an occafion to think,
what Varieties might occurr upon the making the
- Experiment after a manner different from- what
before had been us’d : And wharSuccefs I have had
in thefe Trials, I have here given a large and par--
ticular Account. of, under the following Heads. In
all which the Philofophical Reader -will difcover an
exalt Uniformity of Appearances and Effects, confequent

upon the fimilar Circumflances and Conditions of Ex-.
ternal Bodies.

Here were no fmall Tubes made ufe of in any of
thefe Expertments: But when Bodies were plac’d
together in fuch- a manner, that fomething equi-
valent to fmall Tubes would neceffarily refult from their
veéry Pofition, with refpe€t to one-another; then the.
fame thing alwayscame to pafs,that would have done-
had common [mall Tubes themfelves been made ufe of.

ExpERIMENT L.

Of the Afcent of Liquor between two Glafs P.Jme.r;
in tne open Air. | ,

Procur’d a couple of Glafs: Planes, which were
I part of a broken Looking-glafs, being about
7 inches long, and 13 inch in breadth. Now tho’
thefe, when clapt together, were very clofe, as feem-
\ng to touch tn many parts, yet when they came 'to be
smmers’d in a Liquid, it wowld-afcend between %em : as
was manjfeft upon their feparation, when they ;ycrz

' onn
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ﬁm#d actually wet on all their parts. But this Liquit}r“"
being {o thiz and colourlefs, the Afcent of it between
the Planes was not {o eafily difcernible. Wherefore,
to make it more obvious, I put a [mall piece of Paper
on each corner, by which means they were {eparated
by an Interval equal to the thicknefs of the Paper, when
they came to be applied to one-another. This done, .
Y plung’d one end of them under the furface of a
strongly-tinged Liquor ; upon which it began imme-
diately to afcend, but wor with that fviftnels as in
fmall Tubes : However, the -Motion of it was very
odd, being fometimes higher in one part than in ano-
ther, and fhooting out very pleafantly into diverfe
Branches ; which it continued to do, till it had reach’d
its greatefl height. | - .

But the Height of its Afcent waried according.to
the diftance of the Planes. TFor if inftead of owe piece
of Paper on each corner, #wo were laid there, the
Liquor would »oz mount jo high in the later cafe,as
in the former when the Planes were feparated only
by a fingle Paper. And then, if the Planes were azy
ways declin’d, the Liquor would ftill {fpread it felf
farther and farther, in proportion to the degree of De-
clination, - _ g :

And, upon feveral Trials, this all fucceeded. much..
after the fame manner.

* | ExprERI--
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Exreriment I
The [ame ir Yacuo,

T Eing willing to try the Afcent of the Liquid
between tl%e Glafs Planes, in an exhauffed Re-
cerver as well asin the open Air 5 1 fix'd the Planes fo
to a Brafs Wire, (‘which pals’d- thro’ the Cover of a
Receiver,) ‘that I could make ’em defcend at plea-
fure, In this manner I convey’d them into the Re-
sceiver, together with a Difb of tinged Liquor ; which
" having plac’d on the Pump, the Gage in a little time
fhew’d the Air to be pretty nicely drawnout. Then
I plunged the Plates ({eparated by pieces of #hin Pa-
per, as before, ) into the Liquor.; which arofe between
them, as in the open Air. Nor was there any other
difference than only this; That there appear’d more In-
tervals or Spaces between the Branchings of the aftending
Liquid, than when ’twas try’d in the oper Air,
However, when the Air came to be lét in again, thofe
SP#EEI were ﬁfpdﬁp with Ligfﬂd; which Was now anm
entive Body, without interruption.

Exprni-
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Exceriment I

The Afcent of Liquids, between Marble and Brafs
Planes, 7z the openr Air.

as the Workman could poffibly make them :

efe I joyn’d together dry, and without any thin
berwixt *em 3y which having done, I Zmmers’d the lower -
Edge of ’em about } of an inch below zhe Jurface of-
the Water, and held ’em there for fome minutes::
Then taking ’em out, I found I could not eafily-
part ’em, without fliding *em one off from the other. .
But having feparated “em that way, I prefently
found how far the Water had infinuated it felf be-.-
twixt ‘em. | |

This Afcent of the Liquor I found, upon various .
Trinlsy to be different 5 but always obferv’d, thatwhes.
1 had newly rubb’d the Planes over with Wovd-afbes, the:
Water would afcend the highef?.

After this, I 'made ufe of a pair of round Brafs
Planes ; which having order’d as before, the Succefs
was very agreeable to what it was in the former Cafe.

;‘Pmcur’d a pair of Marble Planes, ground as true

And there’s little i'eafori' to doubt, but the fame
thing wounld happen, -if .any other fort of Bodies
were us’d, whole Surfaces are very plaiz and fmooth, .

and pofited 0, as to be uearly contignous 10 each
" other. . |

Expt-
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EXrPERIMENT IV.

The Afcent of Liguors between two round Glafs
Planes, iz the open Air.

Y Laid thefe round Planes one on the other, with-

“out any thing at all to feparate ’em; and. ha-
ving plunged the round Edge juft under the furface
of the tinged Liquer, I obferv’d, That it immediately
fpread it Jelf thro> the whole furface of ’em, and reack’d

the extream parts.

_1In the other Cafes ( before mention’d,) a Jireight

flaz Edge was applied to the Liquid ; but hereonly a
circular one; f{o ghat fewer parts of the Glafs were
dipt in this Trial, than in the former where
faquare and oblong Planes were us’d. Notwithftand-
ing which difference, the Water- mounted upwards,

and that in as lirtle time tog, as in the former Expe-

riments,

ExreriMmeExnT V.

The Afcent of Water thro’ a Tube fill’d with Afhes,
‘e A . in the open Alr. :
‘Took a Glafs Tube, whofe length was32 inches,
1 and the diameter of its Cavity near 3 of'an inch.
o one end of this Tube 1'ty’d a piece of Linnen
Cloth, and then fil’d it with Afbes, which had ‘been
fifted thro’ a pretty fine Searfe. As I put in the Aﬂa;s
o . y
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by fmall quantities at a time, I ramm’d them down
ftrongly with a Rammer, whofe Bafis was very little
lefs then the Bore of the Tube ; by which means I
crouded them together as clofe as was poffible.  When
the Tube was full, I ty’d over that end of it (by
the Neck) a thin limber Bladder, (which I freed
from all its included Air) in order to receive that
Air, which I expetted would be forc’d thro’ the Afbes
upon the Afcent of the Water. This done, I plung’d
tﬂat end of the Tube (to which the Linnen was
ty’d) under the Surface of the Water in a Glafs;
and found that the Water did prefently begin to rife.
The very ﬁ{rﬂ Afcent was pretty confiderable ; For in
the fpace of 16 Minutes it had got up near 1 inch
and i. But asit edvanc’d jtill higher, its pro}grefs was
flower, and that in fuch Proportions as here follow.

At the end of 24 Hours, it had rifen but to 16
inches ; the Bladder at the top being then near half fill'd
with the Air, which had quitted the Afhes, as the
‘Water paft thro’ them. But here happen’d an Acci-
dent, which prevented any farther QObfervation of ithe
Swelling or Diftention of the Bladder by this expel’d Air. -
For the upper part of the Tube (to which the Blad-
der was ty’d) being crack’d round, foon after drop’d
off. However, this hinder’d not the continnation of the
Experiment with refpect tothe Afcent of the Water. For
at 24 Hours from the laff Obfervation, 1 found it had
gain’d 6 inches more in height. And ’twas very eafie
to trace it in all its motions, by #he change of colour the
Water gave thofe parts of the Afbes it Pdff thro’y which
render’d them very diftinguifhable from #hofe which
were yet dry.

U When
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When 24 Hours more were compleated, the Wa-
ter had rife 4: inches, and fomething better. And
at the fame diftance of Time again, it had afcend-
ed 3 inches higher. The {ucceeding 24 Hours
brought it 2 inches higher ftill ; and now it was

otten within 3 inch of the top of the Tube. In the
pace of 10 Hours more, it finifh’d that lzele re-
maining part,and reach’d the Extremity of the Tube-
compleatly. |

Such was the Progrefs of the Water, and at this-
rate did it make its way thro’ the compal? Body of the
Afbes with which the Tube was fill’d. |

Having finifh’d this Obfervation, I then refolv’d
to know, what quantity of Water the Afbes had abforb’d ;
in order to which I proceeded thus. I weigh’d a
Glafs of Water very nicely, and pour’d part of it
into the Glafs ; wherein the Tube had all-along
Qood, till it reach’d the mark at which the Water
flood, when the Tube was firft immers’d in it. Then
(weighing the remainder) I found the quantity of that
‘pour’d forth (which was therefore equal to that ab-

Jorb’d by the Afbes) to weigh 1792 grains ; which is

pretty nearly that of the bulk of 7 Cubical inches..
Now theCapacity of the Tube (its Diameter be-
ing % of an inch, and its height 32) was about 14
cubical inches: So that the quantity of Water equal
to about 3 the Content of the Fube, was drank up by
the Afhes. |

I {hall now take notice of the Particulars occur-
ring in this Experiment, which feem to.me to be well.
worth obfervation: And thefe I fhall offer bere by
themfelves ; intending to make fome general Remarks
upon this whole Clafs of Expersments, after I have rela-
ted all the Experiments that belong thereto.

Eif,
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Firft, Tho’ the Afhes were ramm’d {o very clofe
together, yet the Interftices of them were capable o
dﬁfmiﬁi';?g a quantity of Water equal to balf the Content
?’ the Tube. For the Content of the Tube was but
ittle more than 14 cubical inches, and the bulk of

Water abforb’d was as good as 7; as was but now
obferv’d. :

Secondly, The Progrefs of the Water thro’ the Afhes,
was very difproportional ro the Times : Becaufe ’twas
found, that in the equal-Intervals of 24 hours, it
made its way according to the following Series ; viz.
16,6, 43, 3 2, (and in the laft 10 hours) ¢ an inch..

Thirdly, The Force with which the Water made
its Afcent, was very confiderable ; being fuch as was
(ufficient to overcome the Refiftance of the Air impri-
for’d in the Interftices of the Afbes, and to drive it away
before ity towards the upper part of the Tube.

Now ’tis plain the Refiftance of the contain’d Air
was not a very fmall one, from hence, that it was
o fuperionr to that Force by which the Thorax i contraited,
and the Air thrown out of the Lungs, in a ftrong Ex-
%fmtfaﬂ. Becaufe when I endeavour’d to force Air

y . Breath, thro’ the Tube #ot above half fil’d
with Afhes, I could not prefently fatisfie my felf that
I did do it : Whereas we fee the Water ealily made
it felf a Paflage, when the Tube was not only quite
full, but alfo the Afhes were prefs’d together, as hard
and clofe as poffible. :

But to put it out of all doubt, that the afcend-
ing Water did actually meet with and overcome
fuch a Refiftance as what I {peak of, wiz. That of
Aty lodg’d in the Interftices of the Body it pa[s’d thro
let it be obferv’d in the next place,

U2 Fourthly,
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Fourthly, That it was wvifible by the gradual Intume- .
feence of the Bladd®r at the top of the Tube, that.
the Air was really protruded out of the Afhes by
the Water, as it afcended along.

I believe none will attribute #his Swelliug of the
Bladder to any other Caufe than the force of fome
included Air, which firetch’d it, and plainly endea-- -
vour’d to get away by fo doing. And that it was
forc’d out of the Afhes by the Water, is as obvious
as any thing can well be; fince there could be no
other poffible Caufe that fhould expel it at that
time. And befides, in that it. gather'd more and
more in the Bladder, as the Water advanc’d higher
and higher, by that means it plainly pointed out the.
Csufe which forc’d it thither.

Fifthly, 'The Water rofe not only in the Afbes ad-
joyning to the inward furface of the Tube, but alfo thro”
the whole body of it, and that equally too, (as appear’d
upon. examination. )

Whatever therefore were the Caufe of the Wa-
ter’s Afcent, thar C .:zfs_g aited wniformly, fince the
Water was in all parts and places equally influenc’d .

by it.

Sixthly, The Bulk of Air forc’d out of the Inter- -
ftices of the Afhes, by the Water, we may conclude
(and I think rightly' )-to be equal to thai of the Wa-
ser which [upplied. its place. And if {o, then ’twas as
much as half the Content of the Tube, or pretty
nearly as much as the Bulk of Afhes therein con--
tain’d, ( as follows plainly enough from the firiZ 0b- .
fervation. ) '

Seventh-



[l

Seventhly, The Afcent of the Water was by far fwif-
ter, when there was a much-greater quantity of imprifon’d
Air to oppofe its paf[age, by reafon of the longer Column
of Afbes (1n which that Air was contain’d ) than
when it had made more way, and (by getting higher
in the Tube, having [bortned the Column of Afbes) had’
a lefs quantity of Air to refift it in its motion up--
wards.

uery 1. Does not this Phenomenon of the Afcent
of the Water through the Interftices of the Afhes,
amount to the very [ame Cafe with that of its rifing in
fmall Tubes, or between two Glafs Planes ¢ Do not the
Particles of this Matter, by their little Hollows and
Intervals, form a Congeries of minute flender Pipes,
or Surfaces very nearly approach’d to each other ; fo that
the Liquid rifes in each Cafe by vertue of one and
the fame Caufe?

,Q[:]:. 2,  Why is the Afcent of the Water {lower,
the higher it rifes in‘the Tube?

’Tis evident, that at firft there is more intercepted
Air to be remov’d out of the way, than afterwards,
when the Water has fhortned the Column of Afhes.

Is it therefore true, that the Water does at firft aftual- -
Iy meet with a more powerful Refiftance, and zotwithffan- -
ding rifes with more Velocity, than when’tis lefs refifled ?
Or, thould we not rather conclude, that it does in-
deed meet with lefs Refiftance at firft, than after-
wards ; and therefore, that this intercepted Air is not
in reality thar Obftacle, which at firfe fight ie appears to-

e ? .

Q4.3
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Qu. 3. Whether the encreafing Weight of the Wa-
ter, as it afcends, may not be efteem’d the Caufe
of the diminution of its Velocity? Becaufe, from Sza-
tick Principles, the fame Power moving different
Weights, {hould produce different Rates of Velo-
ity _

ExperimMmenTt VL

The Afcent of Water thro® Afbes in Vacuo.

Aving fil’d a Tube about 10 inches in length

with Afhes, (as before) it was plac’d in a
Recerver, and the Air exhaufted. I fuffer’d it to
ftand fome time in that ftate, to give liberty to the
Air contain’d in the Afhes to get away: Then
plunging the lower end of the Tube under the Wa-
ter, I found (according to my Expeltation) #hat the
Water vofe much fafter in that wvery-much-rarefied Me-
dium, than in the open Air. Becaufe,.inabout 4 hours
time, it had mounted as high as it could go, having
compleatly reach’d the top of the Tube., =~

So that comparing the Refult of this Trial with
the former, we find that Here was a Height of 10
inches furmounted in 4 hours; whereas There 32in-
ches took up 130 hours to finifh it.

By which Account it appears, that the Heights
are in the proportion of 3% to 1, but the Times as
325 to 1.  So that the Water was more than 32
times as long in going (in Common Air) a Space
triple to that, which was finifh’d in Pacao!

But
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But this Eftimate of the {wiftnefs of the Water’s -
Afcent would have been more exaét, had it been ob-
ferv’d, at whar Time precifely the Water reach’d
the fame Height in both Tubes. Ex. gr. As here
in Vacuo, the Tube made ufe of was 10 inches long;
fo if it had been obferv’d, in the other Cafe, at what
time the Water had reach’d 1o inches in that Tube
~ alfo, (as it was obferv’d ar what time it rofe 16 inches,
viz. at the end of 24 hours)) then the Proportions of
thefe different Times in which the Water had afcend-
ed to the fame Heights in both Tubes, would have
iven a nearer account of the Velocitzes. For if the
i’[otions were equable, the Velocities would be juft
. reciprocally, as thofe Times. But if they are not wn:-
form, yet the rate of the Swiftnefles may be more
nearly guefS’d at, by taking the Liquid ar the fame
Height in each Tube, than at different Heights.

EIP‘E‘RIME.NT VIL

The Afcent of Liquors in [mall Tubes, of unequal
Thicknefs, our equal Bores or Cavities.

Aving procur’d two Tubes, the Diameters of "
whofe Cavities were as wearly equal as the
could be made, but one at leaft ten times as thick
as the other; I put them into the ’foremention’d
tinged Liquor. ‘The Refult was, That rhere was no
d{érwce to be perceiv’d between the Heights, the Liguor

kad afcended to in each Tube,,

ExXpERI-
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ExperiMeENT VIIL

The Afcent of various Liquors between two {quare
Glafs Planes.

Try’d this in Spirit of Wine, Oyl of Turpentine,
and Common Oyl..

All thefe rofe between the Planes, as the tinged
Waszer did. 'The Difference lay in this, that theyall
afcended in a2 entire Body, from one fide of the
Planes to the other, without thofe Interraptions and
Intervals, which generally happen when the Water .
afcends. And.this, even tho’ the Planes were held
together without any thing to [eparate ’em; and not
only fo, but alfo forcibly prf‘d together : in ‘which
cafe they muft needs touch in many parts. And
notwithftanding #hat, the Courfe of the Liquor feem’d
to be perfetly uninterrupted.

There was « remarkable Difference between the Times
fpent by the Spirit of Wine, and the Oyls, in their
Adcents.

The Common Oyl mov’d extreamly [fluggifbly, in com-
parifon with the Oyl of Turpentine and Spirit of Wine ,
infomuch that the former was near an Howr in rifing
as high as the #wo later would do in lefs than half
2 Minute.

Having now given an Account of the Experiments
themfelves, and fubjoyn’d what Rewmarks had a more
immediate velation to any of them in particular; 1
fhall now make {fome general Obfervations upon the
whole, and then confider how the Phenomenon it [elf

may be folv’d,
Firft,
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-Firf of all then, we find, that #his Phenomenon of
the Aftent of Liquors, (between the Surfaces of near-
ly-contiguous Bodies) like that in [mall Tubes, does o
way depend ﬂfﬂﬂ.aﬂj aétion or influence of the Arr.

For in all thefe Trials, the Liquor rofe with as
much eafe and freedom in an exbaufted Receiver,
as the open Air ; but in oze cafe particularly, it a-
{cended with a vaftly-greater velocity in {o thin a
Medum as that we call a2 Vacawm, than under all
the Preflure and Vigorous A&ion of common Air.
There was indeed fome difference, with refpeét to
tioe branching and [preading of the Liquor in its a-
{cent ; but this is a trivial confideration in compa-
rifon with what ought chiefly to be regarded in
this matter, and that is the Height and Force of
the Liquour ; which without the Air, will be a2
Jeagg (to fay no more than that) as confiderable as
witn i,

Secondly ; Some Liquids rife after a manner very
different from what others do.

This 1s plain upon thefe two accounts.

1. Some Liquids, as they rife, branch themfelves
into warious little Streams or Rivalets, and by that

means leave (to all appearance) vacant fpaces and

" intervals betwixt them ; after which manner, ’twas

.obferv’d before; that the #ing’d Warer rofe between
the Glafs Planes. But others again mount up all in
an entire body, from one fide of the Planes to the
other; as commor Oyl, that of Turpentine, and Spirit
of Wine.

2. Some afcend with « prodigions [wift#efs, in com-
parifon of others.

» 4 Thus
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Thus the Two laff mention’d Liquors made at
leaft 120 times as much biffe to get up between the
Planes, as the former did (as 1s plain from what
was before related of them.) |

And vperhaps other Liguors may be difcover’d,
which may as much exceed thefe in the velocity of
their Afcent, as they did the common Oyl. And it
may be, all imaginable fpmparrfam of Velocity, may
be anfwer’d by thofe of Liquors (of {fome fort or
other) afcending thus between the comtiguons [urfaces of
Bodies, or in [mall Tubes. For the Caufe of this Phe-
nomenon (if it be what I take it to be) 7s capaple
of producing an infinite diverfity ¢f Effects, according
to the difference of the Matter it has to work up-
on. : ;

Thivdly ; Liquids afcend not only in perpendicular
Directions, bur in all imaginable Angles aff Ovliquity to
the Horizon,

For when the Experiment was made with the
round Planes, the tinged Liquor immediately diffus’d
it {elf, to the extremities or edges of them, every
where thro’ the whole Circumference. Now the Li-
quid could. rife perperdicularly but in one Direction
only, vzz. that which we may conceive to pafs thro’
the Center of the two contiguous circular Planes.
In all the other Direttions it muft afcend obliquely,
diverging juft as az infinite number of Chords in u
Circle, drawn from the end of the [ame Didwmeter,

And fuppofling it réach’d «l parts of the Circum-
ference, at the [ame time (as it did without the leaft
difference to Senfe) we have then here as it were
the Reverfe of Galileo’s famous Propofition, about
the Equitemporaneous Defcents of heavy Bodies in the
Chords of a Circle; For 1n this cafe, th afcending Li-

“quid
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guid defcribes them all in equal times, as in that
cafe, the defcending Solid does. And if the one af-
cends, and the other defcends, by virtue. of one and the
fame Caufe (as I cannot forbear thinking but they
do) ; then ’tis no wonder that there fhould be fuch
an Agreement betwixt them, and that the fame Caafe
fhould produce a fimilar Effecf, both in Solids and
Liquids, when funilar Civeumflances ave fuppos’d on
both fides. And it all amounts to [no more, than
Attraition upwards 1n one cafe, and downwards in

the other; and this in the fame fort of Figure too
namely, a Cirele,

Fourthly ; 'This Phenomenon is not confin’d to any
one particular fort of Matter,

The Liquids rofe, not only between the Glafs,
but the 'Marble and the Brafs Planes too. And
there’s no doubt, but had the Experiment been made
with Planes of various other forts of Matter, it might
have fucceeded in like manner. *Tis poflible, that
Jome L:’gm’d.r may not rife between the furfaces of
fome Bodies, which others will rife freely between :
nay, Iknow not, whether inflead of rifing, they may
not be funk and depre[d. One and the fame Caufe,
a&ting in different Circumftances, is capable of pro-
ducing a great wvariety of Effeits.

Fifthly; A greater quantity of Matter contributes
nothing to the rifing of the Liquid.

This is plain from the Experiment of the two
Tubes of equal Cavities, but unequal Thickne[les. And
by a parity of Reafon, the Thicknefs or Thinnefs of
tl¥e Planes fhould produce no alteration, with re-
fpedt to the Liquor’s afcent between them.

il 6 X 2 Sixth-
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Sixthly ; The Afeent of the Liguour is favonr’d and’
promoted by {mall Particles of Matter laid " in its:
way. _

:% hus the Water afcended hicheff, when the Planes’
were rubb’d over with Wood-Afbes. Perhaps other
Matter might be as great an Impediment ; or give
more_affiffance to fome Liquors in their Afcent, than to
others. But thefe and many other things (which
zow Ican but hint) may perhaps fome time or o- .
ther be propos’d as Subjets of further enquiry.

Having made thefe Obfervations ( General and
Particular) upon the feveral EXPERIMENTS pro- .
pos’d, the next thing is the Solution of the Pheno-
menon it [elf. - And here I make no' fcruple,” to re=
duce all the Varieties mention’d to the fimple Cafe of
[mall Tubes ; becaufe theg all of them (as is plain by
confidering the Circumftances) amount to no more
ehan Thar, > 70" *

For example : The two Glafs Planes in. thefe Ex-
periments, being plac’d wery zear one-another, com-
pofe a Tube of the Form of a Parallelipipid, whofe
thicknefs 1s emeedingiy fmall. So that therefore, ha-
ving founda Solution for-the Phenomena of fmall Tuves,.
thf’c fame may eafily be accommodated to all the
reft.

To preceed then ; It appears evident to me, that -
the. Principle we ought to have reconrfe to in this Cafe,
is 7o other than that of Astraltion.

A Principle. which-governs far and wide in Na- .
ture, and by which. moft of its Phenomena are ex-
plicable. I know very well there-have been Attempts .
made, to folve this dppearance diverfe other ways. .
Some have argued from the impeded or diminifl’d° Acti-
a2 of the AiF ; others from ‘the Innixion or Refting ci |

A
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the Parts of the Fluid, on the Pores and Afperities of the
Glafs ; others again from the Congruity and Incongruity
of the Parts of Master one to another. . This Iaﬂg No--
tion, without farther explication, is fomewhat more
unintelligible than the two former : And tho’ per-
haps they areall of them wrong, yet the Fiff Two
ways of folving the Difficulty have this advantage:-
above the other, that they are per/picuonfly Falfe;
whereas this latter is more myftersoufly fo; leaving the
Underftanding in fome doubt , whether it may
be True, or no; becaufe of the hard Words of Cozn-
gruity and Incongruity, which being not explain’d, may
poffibly carry fome better Meaning along with ’em than:-
they feem to promife. If it: {hould be thought that
Attraétion 1s 2 Word no lefs hard and unintelligible’ -
than the former are, I can only fay this, That ’tis plain
Falt that there is a Power in Nature, by which the Pirts
of Matter do tend to* each other ; and that not only im
the larger Portions or Syftems of Matter, but alfo the -
more minute and infenfible Corpufcles. And that the
Law which obtains in the Former Cafe- (viz. a-
monft the greater Bodies of the Univerfe) is fully’ de-
termin’d and [estled, namely, that the Attrattion or
Centripetency decreafes reciprocally, as the Squares of the
Diftances (of the Attratted from ths Attralting Bo- -
dy) do encreafe. But the Law by which the fmaller -
Portions of Matter tend to each other, is not fo com:
pleaty fettled, but left yet for farther difcovery; only
’tis known, that it muft be very different from -thet
other, and that the attraétive Forces here do decreafzin a
Greatey proportion than that by which the Squares of the
Diftances do encreafe : but the nature of zhat Propor-
.#ion, or how complicate it is,.or what Parieties tRere ..
may bein it, is not yet accounted for; nor will not -
eafily, becaufe of the feeming snvincible Dzﬁmi-.;if: i

; /0 S
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that attend.the making Experiments and Obfervations
requifite to fettle /o #ice a Point, Only the Fa&t it
felt is paft difpute, and the Difcoveries made by
that wery great Man, Sir IsAAc NEW T O N, (the Ho-
#Bur of our Nation and Royal Society) have {et both
thefe Laws of Aittraétion thus far, in a very clear
Light to all that will ufe their Eyes to fee them.
low fince we are certain there is fuch a Princi-

ple in Nature, and one {o Extesfive and Predominant
teo, as that of Attraction ; 1 think it would be a f{a-
tistaltory Proof enough of the Intereft of that Prin-
ciple in this Phenomenon, to fhew that it may be
handfomly accounted for by it, without being forc’d
upon any of thofevbfcare precarions Suppofitions, which
in other Solutions a Man can’t well avoid.

However, betore 1 dothis, I fhall argue the Point
another way, and by fbewing fome remarkable Agree-
ments of this Phenomenon, with others in which Attracti-
on 1s moft evidently concern’d, do fomething (I hope)
to perfwade a belief of the Intereft of the fame Caufe
here alfo. -

What I propofe to confider at prefent, is the Mag-

net or Leadftone, fome of whofe Effefts coincide with
thole of fmall Tubes to a Wonder.

1. A Loadftone of a#y Form whatfoever, will at-
tract Iron.

So we find that Bodies fet tagether after any manner,

or in any figure whatfoever, fo they do but scompofe a
fmall Tube (or what is equivalent thereto) wi{fgivﬂ

occafion to the Liguor to afcend between their Surfaces.

2. The Magnet exerts its force as well in Vacua, .
as the.epen Air,

And
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And wefind that Liquidsvrife a3 freelyin the one, as
the other of thefe: in the moft thin and rarefied Me.
dium, as well as the moft grofs and dexnfe.

3. Small Loadftones (for the generality) have a
[tronger attraltive Power (in proportion to their
bulk ) than the /rge ones have: And {o fmall Tubes
will make the Liquid afcend higher than great ones
will.  And ‘as the inward Cavisies and Surfaces are
leffen’d, {o the Liquid will rife hicher and higher.

4. If 2 Loadftone be divided into feveral parts, or
., {mall Loadf{tones, thefe little ones (fuppofing the ver-

tue of the Stone to be j?:{;zéij {pread thro’ the body

of it) will zll together [uftain a vaftly greater weight o
Iron, than the one great one alone be\%nre would do;-
tho’ taken colleftively, they contain very nearly the :
fame quantity of Matter with it.

So, were a Tube of a very fmall Bore, but agreat
Thicknefs, to be divided into feveral Tubes or parallel
Sarfaces, the Quantities of Water fuftain’d in all of
them together, would vaftly tranfcend zhar, which -
was fuftain’d when they were all united together,and
compos’d but one fingle Tube. " -

So that in [mall Tubes, as well as Loadftones, the
- Encreafe of Superficies 1s That on which the En-
creafe of the Force feems mainly to depend. Nor
does this Affertion any way thwart what was [aid before,
 wiz. That as the Surfaces did decreafe, {0 the Afcens
g the Liquid would be more and more confiderable:
For there 1 only ‘compar’d the Effelts of Tubes of
‘different Diameters one with another ; and fhew, that
the leflfer Tube has the advantage of the greater :
But here 1 compare the Eftelts of innsmerable Tf.éitle

woes, |
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“Tubes, all made out of one fingle Tube, with the Effeft
of that f{ingle’ Tube it felf; and thew, that.the Ex-
creafe of Superficies confequent upon fuch a divifion,
gives the Aggregate, or Colletion of Tubes, (by ma-
_ny degrees) the advantage of the fingle one. _
. Now, upon thefe accounts, I think I have fome
~Grounds to believe, that the Phenomena of the Load-
stone, and of fmall Tubes, depend upon one and the
_fame Principle in general: For here’s a furprizing
Correfpordence of Effects, why then may they notagree
An their Caxfe ¢

But to proceed. That Attraction 1 {peak of (as
the Caufe of the Afcent of Liquids in {mall Tubes)
.1 make to proceed (mainly, if not folely ) from the
Innermoft or Concave Surface of fuch a Tube; and
_not from the Solidity or Quantity of Matter which it
contains, And a Proof that this is {0 in Fuéf, may
be deduc’d from the Experiment of the two Tubes, .
before mention’d. But more than this, that it like-
wife ought to be fo, appears from hence, that the At-
traitive Power of [mall Particles of Matter alls only on
fuch Corpufiles as are in contait with them, or remov’d
but at infinitely-little diftances from’em.

Upon which account I think I may fay, that the
remoter Surfaces of the Tube, between the snnermoft
~or concave one, and the outermoff or convex one, do .
contribute nothing to the Effett ; that is, zhe Liquid
.4 not influenc’d by any Attraction of Theirs. e

‘Thefe things premis’d, let us in the next place
confider, how this Phenomenon may be accounted for
by Attraition: That is, how the Liquid may rife in a
Jmall Tube, by the Attraction of the Parts thereof by the
soncave Surface of the Glafs.

Let
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Iet ABCD be a fwmall Tube, perpendicularly
immers’d in a Liquid, whofe horizontal Surface is.
ECDE, ,

The Parts of the Liquid at « 4, 6 4, adjoyning to
the concave Surface of the Tube, are ffromgly as-
tratted by it, and that in a Direition perpendicular to
the fides of the Cylindrick Glafs; or (which is all
one ) parallel to EF, the Surface .of the Liquid.

Now the Particles 4 4, b b, gravitating in Directi-
ons perpendicular to E P, that is, parallel to A C and
B D, the Sides of the Tube ; by means of the afore-
faid Attraltion, it comes to pafs that the Particles
aa, bb, have all of ’em a much-lels Momentum or
gravitating Force than otherwife they would have,
were the Attraltion away. Therefore the Parts of the
Fluid, which lie immediately under them, are much lefs
prefs’d upon, than otherwife they would be.

- And altho’ the Particles 4 4 lie farther out re-
wards the middle of the Tube, yet in a very minute
and flender one (fuch as we here fpeak of ) they
are near enough to be within the reach of the
powerful Attraction of the Surface, {o far as to be in
fome meafure influenc’d thereby ; cither 7mmediately
or mediately, by the means of the Particles a4, b b,
which are ftrongly urg’d towards the Glafs, and do
( by the General Law ) attralt the neighbouring Par-
ticles 4 4, towards themfelves.

Upon thefe accounts, the Momenta of all thofe Par-
ticles, comprebended within the Circumference of the lower
Bafis of the Tube, being much leflen’d ; the Fluid,
which lies directly under ’em, is proportionally /lefs
prefo.

' b/ But
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But the Parts of the Fluid f fff, which lie be-
tween the Surface E C D F and the Bottom of the
Tube, at more vemote diftances from the Sides of the
Tube than its Semidiameter ; Thefe Particles (I fay)
being out of the reach of any fuch Attration, do
gravitate with thetr whole Force or Momentum on the
Parts which lie under ’em.  Therefore it appears,
that'by the Immerfion of the fmall Tube into the Liguid,
the Equilibrium is deftroy’d between thofe Parts of
the Liquid ling within the Circumference of the lower
Bafis, and thofe which are plac’d withont. There-
fore (by the Hydroftatical Taws) the Liquid muit
rife within the Surface of the Tube : For the ffron-
ger Fluid will fill prefs in upon the weaker, and force
it away before it. 'That is, the Particles about a4, bé
principally ; and next to them, the Particles about
d d muft neceflarily give way to the Particles be-
low them, which are urg’d on by the [uperiour Mo~
mentum of the Particles which come from the afore-
{aid remote diftances about f f f f. From whence it
follows, that thofe Particles about 4 4, 46, muft
neceflarily afcend higher in the Tube, astoecee,
" When they are rilen higher, #he Attraction to the
Sides of the Tube will take place a5 before, and by lef=
fening their Momenta , with refpe@t to thofe below
em, will give a new Occalion to the exterzal Fluid,
to infinuate it felf within the Bottom of the little
Tube, and confequently to pufh thofe Particles ftill.
up higher, astog g g 2. 55 ' S |
'Thus, by the continned Aition of the [ame Caufe, the
fame Effect follows, and the Liquor continues to
afcend 1n the Tube, till it comes to a certain deter-
minate Height, where it keeps its ftation, and that by
vertue of the fame Lows which bronght it thither.

And
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_And this, T hope, may be a fatisfactory Account
of the Reafon of this Phenomenon; and ferve to
fhew the Manner and Way by which Liqgids may
be conceiv’d torife in{fmall Tubes. I muft fay, i ap-
pears to me to be the True one.

NB. 1 {pake but now (with a Particular remark)
of the Preflure of thofe Particles of the Fluid, which
lie at more remote diftances from the Tube, than its
Semi-diameter. *Tis to the Ewergy and Force of thefe,
that the Afcent of the Fluid feems chiefly, if not er-
tirely, to be owing. For thofe Particles nearly ad-
joyning to the Corvex Surface, are attralted in fome
degree, as well as thofe which are approach’d tothe
Concave ;. And therefore can’ be imagin’d to have
any fuch pﬂi%m:demﬁ}?" Momentum, as to force thofe
within to aftend in the Tube. But fuch Particles
as are plac’d at farther diftances beyond the, Con-
vex Surface, fuffer no attra&tion from it, and foare
fufficient to prefs the Liquid .a:wl:zj'éégbre them.

But it may be faid here, that if the furrounding
parts of the Fluid withour, on the Convex fide, were
attralted as well as thole wirhin,on the Concave,
then the'Fluid ought (by thefe Principles) o rife
without, on the Convex {urface of the Tube, as. well
as it does within, on the Comeave: which Experi-
ence fhews that it does not. g

But (in axzfwer to this) the Reafon why it osught
not” to do o (or at lealt very inconfiderably). is obvi:
ous, I'think, from the different natures of Convexity
and Concavity. Suppole we a {mall Particle of a
Fluid, in contacit with the Convex Sutface of a.Tube:
*Tis' plain, that all the Lineole or fireight Filaments
compofing this Surface, are averted, or turn’d from the
aforefaid Particle, except that one fingle Filament,

| T in
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in which 1t touches the Surface. But on the Gox-
cswe fide, all the Filaments are fwr#’'d towards {uch
a Particle, which we imagine to be in ¢ontait with
the Surface there. |

From. whence arifes an exceeding great Difference bes
tween the Attraitions of 4 Particle of Fluid Matter, .
by the Filaments on the Cosvex, and on-the. Con-
cave {ide.

For in the Former Cafe, the faid Particle muft be
valtly more out of the reach of thele Attraitions, upon
the ‘account of the sverred Pofition of the Filaments,
than in the Latrer Cafe, where the Incurvation turas
the attraéling Lincole towards it, and by that means
prefenting a much-greater Force, produces a propor-
tionally-greater Effeft, .~ _ _

And fgr this reafon, the Parts of the Fluid with-
in, lofing beyond comparifon more. of their Momen-
rum than thofe without do; the Fluid ought to, rife
beyond comparifon more on the Concave, than on the
Convex Surface' of the Tube. That is, its afcent on.

-the _outfide ought to be fearce fenfible; and 1 believe
it will be alwaysfound to be fo. :

Thus far we have fhewn the Reafon why the
Liquor ‘muft frife in the fmall Tubes.

From hence now it -follows likewife, that it mu«
of mecelfity rife higher in Tubes of a fmaller, than thofe
of alarger Bore, . .
“ For {fuppofe there be #wo Forces, each of which is to

lift a feveral Weight.  Now (from the Principles of.
Mechanicks) that Force which bears the greateff Propor-
tion to 1ts Weight, will be able to raife that H‘?ig'b!ﬁ b-
ery than that Force which bears a lefs Proportion fo its
Weight, will be able to raife tha: Wi eight., Let us alfo
take two Tubes of different diameters, and the fame,

height :
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height : the attraétive Powers are as the Surfaces ; and the:
Weights or Quantities of Liquor to be rais’d intos
thele two Cylinders,. are as their [olid Contents, Qx>
(becaufe the Heights being the fame, the Sarfaces:
are as the Peripheries; and the Contents, as the. Areas
of the Bafes; ) the Attraétive Forces will be as the
Peripheries ; and the Weights, as the Areas of the Bafes.

But there is a greater Proportion between the Pe-
ripherie and the Adrea of the Bafe in the fmaf Cylin-
der, than. there is . between the like quantities in:
the great one.. Therefore in the fmal Tube, the
Attraitive Force bears a greater Proportion to. the:
Weight of the. Liquid to be rais'd, than it does in the:
great one: And .therefore the Liquid: muft rife higher
in .the Former, than in the Later.. 5 -

From . hence likewife we may form z Ruley. that.
may belp towards determining the Height the Liquid
maft afcend to, in any given fmall Tabe,:: o o100

For the Liquid mult neceflarily rifey uill it comes:.
to fuch a Height ; zhat the Momentum of all the Liquid
in the Tube, as it is there dimini(l’d by the Attraction:
of the Surface, becomes equal to the undiminiflyd Mo- -
mentum of the External: Liquid, at-that depth the'!
Tube is. immers’d to.- And when it is come to that:
particular Height, it muft as neceffarily ftand, and go:
no farther,

- And in that Cafe, the Proportion will run thus—="
Asthe Diminifh’d Gravity of the Liquid i the Tube is
to the Abfolute Gravityof the Collateral. Cylinder of .
External Liquid, fo is the Deprh of Immerfion, to the :
Height of the Liquid in the [mall Tube.. For, I {uppofe :
the Cylinder of Fluid 77 the Tube. to be balanc’d by
one,without, which has the feme Bafe, and whofe>
Height is equal to the Immerfion ; for the Bafes be- -
ing' the fame, the Heights are as the Conrents or

' Quan~»
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Qgantities of Marter.  And to make an Edguilibrinm,
or Equality of Momenta, the Forces muﬂ* be reciproe
cally, as the Bulks or Quantiries ; that is (1n this cafe)y
reciprocally as the FHeights, £

Nowy as for the Reafous inducing me to propofe & So-
lutior of the Phenomena of Capillary Tubes, o fuck
Principles as I have here dowe; T think it not im-
proper here to' fubjoyn' them. |

YTistrue, the dirett and feemingly-flréight afcent of
the Liquid, from the lower to the #ppér parts of the
Tube, would, at firft view, tempt one to think of
no more than only az Aftraétion apwards, or in Di-
re€tions paralfel to the fides of the Tube, initead of
perpendicular thereto; and f{o'to dérive the Fluid’s
afcent only from this, without any regard to Fydro-
ftratical Laws, ot the lofs and recovery of an Equili-
brium. But in this way there appear’d feveral Dif-
ficulties, of that ftrength, that I' could by no means
cet over them; and the confideration of théfé, de-
termin’d me to folve the Phenomenon the other
way. .
For, 1. T:could not fee any Reafon toconvince my
felf,; why a Particle of the' Liquid, as“z or 4, which
ist there at that point N adtulal contait with the Glafs,
{hould not be attratted to and by that Particle, ra-
ther than by another above it, and remote from" it:
Or-at leaftiwhy it fhould not be wvaffly-more attratted
by that Particle with which it# iz contaft; than by -
another above it; and' confequently wliy the At-
traltion fhould not firft bezin, in'lines perpendicalar,
and not parallel, to the fides of the Tube, whatever
be:done: afterwards:: For I'de’ not abfolutely” ex-
clude: the former AttraCtion from' being fome” way’
concern’d, tho® I'make: the Jasfér' the main and prin-
ctpal Canfe of the Afcent,

2. 1If
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2. If a Body refting on an Forizontal Plane were
to be drawn (in a Direftion parallel thereto) agasaft -
an UVpright or Vertical Plane ere&ed upon the fame-
Horizontal Plane ; it appear’d certain to me, that
the affual Preffure of that Body in the Horizontal
Plane would' be diminifh’d, according to the force
wherewith the Thread was drawn, which pre(sd it
againft the wvertical Plane, For it may be drawn fo
hard againft the upright Plane, that the Horizon-
tal one fhall have ' little or nothing at all of the
burden of it. And applying this to the Cafe in
hand ; I concluded, that for this reafon the Momen--
tum of the Parts of the Fluid 24, 65, muft be a-
bated, with reipect to the Particles lying imme-
diately under them,

3. When I fuppos’d the Liquor to afcend purely
by vertue of the Attraction direttly upwards, in Lines
parallel to the fides of the Tube, T could not fee area-
fon, why the Liquid f(bould ever ffop in amy Capillary.
Tube before it comes to the wery top of all; which
yet Experience thews it does. For if the Attralion
be folely from the upper parts, then as long as there
is any part of the Surface left unoccupied by the
Liquid, fo long there is Caufe left in being, of the Li--
guids farther afcent, And if there be that Caufe in-
being, why fhould it not exert it felf, and makethe. .
Liquid rife, as well'when ’tis gotten up 2 or 3 inches, .
high in the Tube, as when it was below. at the
bottom 2 All Circumflances here, are the fame as there, .
as far as Tcan with all my Attestion difcover.
And that the Liquid has already poffe/’d fome part.
of:the Surface, can be no Reafon why that part which
| s not poffej’d, fhould not exert its atera&ive force, and
| ‘draw up the Liquid, till it is gone as high as it
can go ; that is, till the whole Tube is full. Ina

word,
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‘word, Why fhould I deny the upper part of the Tube
that attrattive power, which I fo. freely aflow to the
lower ? 1 know no reafon, to imagine this Vertue to lie
fo ,g;m,g&ﬂ?fy Jeatter'd abour the Tube ;. and if it be notfo,
then I think I ought to expett the fame Effe&t fhounld
take place in the upper parts of it, that does in all
other plaees.

- And therefore, 4. By the Explication which I
have here given of this Phenomenon,. I found I could
givea Realon for the Afcent of the Fluid to)\ a derer:
minate Height in any Capillary Tube proposd ; which I
faw no way, that was tolerably Philofophical, to do by
the other Method.. _ £0115 3
“For the Momentum of the external Liquid being in
fome meafure taken into this Account; as well as the
Attraition of the Tube ; the Hydroftratical Laws, by
which I fuppofe the Liquids withiz and without to be
balane’d, will themielves determine the Height towhich
the Fluid muft vife in the Tube,  Otherwife (asI hinted
‘before) "tisnota flight Difficulty, to conceive any other
Limits to bound the motion of the Liquor upwards,
but the very top of the Tube it felf;: and there in-
deed it muft ftand for a good Reafon. But if it fet-
tles at any determinate depth below rhat, and this
by vertue of the airect or wupright Artra&ions, I
muft needs fay ’tis a Riddle, out of the Intricacies of
which I have little hope to deliver my felf.

For the remaining part of the Comcave Surface
lying above the Liquor in the Tube; either has, or
has »ot, the Power of Attraction, like the other parts
ot the Surface below. |

If nor, oy what Law is o Tube fo divided into at-
‘traétive and nom-attractive Segments ? How is the

Limit between thefe two very Heterogeneous Parts
determin’d ? |

Was



| 4, 399 ]

‘Was there originally and always fuch a diftinétion ?
‘Or did it commence when the Glafs was firlt blown
to the Form of a Capillary Tube? Or did it begin
» take place only when the Twbe was aifually im-
ers’d in the Liquid ? In fhort, does_this ftrange pro-
srty owe its rife to Nature, or to'the Fire; the
laff which made it a Tube, or to the Waser tis
wng’d in, when the Experiment is to be perfornvd ?
it be not to one of thefe, I am at a.lofs for its
riginal. On the other hand ; if the remaining part
' the Tube, above the Surface of the Liquor where
fettles, be endow’d with an attractive force fims-
ely and proportionally to the reft, why does it not
ert it {elf, when the Liquor is fairly prefented with-
the Sphere of it in like manner as the attralti-

1 of the other parts below did, when the Fluid was
onght within their Sphere?

By how much the freatera Difficulty it will be,
an{wer thefe Confiderations upon Juft and Philo-
vhick Principles ; by fo much the more (T hope) will
e former Solution I have given, appear to ﬁe clear
d natural,
I could proceed to fhew farther, how the other
henomena of [mall Tubes might very naturally be
Iv’d from thefe Principles ; butit being wvery eafie to
make that Application, 1 {hall wave all Difcourfe of

thofe matters, and with that I have now faid, con-
clude this prefent Subjelt.
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An Account of an Experiment caﬂcemé?fg the dif-
ferent Denfities of the Air, from the Great-
eft dfgfeﬂ qf Heat,_ to that fyr Cﬁld.j m our

' Climate. S

Took a Glafs Tube about 2 Foot leng, and of

about : in diameter, which I bent into the

torm of a Reétangular Syphon, at nearly the diftance
of 6 inches from one end, thus: .

A
b ;iﬁf"_‘,‘_‘,_‘__ o AN 7 S w10

12
l
|
|
|
i)
|
sl

At that" Extremity of it which was fartheff from-
the Angle, 1-cemented'on a Brafs Serew with a {mall
Perforation in it; by which means, when T had put 2.
little Quickfilver in at the fborter Leg, by inclining the
longer Leg this or that way, I could bring the Mercury
to reft any where at pleafure ;as at A A. The little Co-
lumn of Mercury I here made ufeof, wasabout ; inch.
. length, as-being fufficient for the purpofe of this
Bxperiment.. Then having fcrew’d a Cap on to the

' longer .-
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‘Jonger or Horizontal Leg of the Syphon, and the Mer-
cury being fix’d and fettl’d in a cersaizz part; 1 con-
-vey’d it into a Trough, together with a Therneometer, and

our’d on as much warm Water as would cover the
Ball of the Thermometer: Thus. the Syphon lay,
with its longer Leg wnder the Water, in an exuéf
Horizontal Pofition, and its fborier Leg  apright and
above the Water. And the Refult of this Contrivance,
was the Prevention of fome Inconveniencies, which
would have follow’d upen ' placing the Syphon {o;
as that the Water fhould have found its way into it
Befides, the Ation and Power of the External Air
could not have been fo certainly argued and de-
termin’d, in thaticafe, as it might in #his; whereit
had liberty to prefs as it would, and”that  [mme-
diately, without oppofition or hinderance from an Iz-
tervening Body. 'The Spirit in the Thermometer, be-
ing quickly influenc’d .bﬁ-,th.e warm Water, I fuffer’d
it to rife up as-high as the listle Ball on the Top of
that Inflrument, and indeed to pafs into'it; that fo
I might make my Obfervations o sts Defeent with more
exatnefs, For I imagin’d; that by that time the
Spirit was fallenjto fome convenient degree, defign’d
to begin the Accountiat, it might haveacquir’da pret-
ty equal degree of- Heat in all its Parts. -~

~ Accordingly I began my Obfervations, when it
had defcended to 130 Delgrees, above the Freez-
ing Point ; at which time 1 found the length of the
Column of Air, from the:clofed end of the'Syphon
to the neareft Surface of the Quickfilver, to be
juft 144 tenths of Inches. After the Spirit had de-
fcended 10 Degrees lower, the Air, which before

offefs’d 144 Parts, lack’d one of them now; and
0 on fucceflively at every 1o Degrees defcent of

the Spirit, the Column of the contain’d Air was
A Z 2 leflen’d
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feflen’d in its length one exa&t tenth. When it
had defcended to 30 Degrees above the Freezing
Point, the Air was found to poflefs but 134 of the
’forementioned Parts. So that from hence it will be:
eafie to conclude, that at the Freezing Point, the
Air in the Syphon would be reduc’d to 3 tenths lefs
than at the laft Obfervation ; and confequently at 5o
* Degrees below the Freezing Point, (which I am in-
form’d is the greateft Degree of Cold that has hap-
pen’d in our Climate,) it would be reduc’d to 126
Parts of the whole; and in that ftate would be one:
eighth more denfe, than when at the greateft De-
gree of our Natural Heat. And the Reafon why T
could not prove this later part by Experiment, was,
that when I came to expofe the Thermometer and
Syphon in the open Air, or freezing Mixture, the
Syphon would inftantly receive the -Impreffion of
the Cold, and the Air contain’d in it be confidera-
bly contra&ed, before the Thermometer gave any
figa of fuch Alteration. But feeing the former part
of the Experiment fucceeded fo very regularly as
it did, I think there-can be no doubt of the truth
of the whole Calculation; ner do I yet fee how it
could be better perform’d. I fhall add a Table of
the different Degrees of the Air’s Denfity at every
10 Degrees, from 130 above the Freezing Point,
to §o Degrees below it. |

This Experiment was made February the 11th; 1708;
the Mercury in the Barometer (at the fame time)
fanding at 3o inches..

Degrees
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“WEB. ‘For the betterunderftanding of the foregning
“Experiment, T would note fomething concerning the
Pofition and Motion of the little Column of Mercary
in the Horizonral Leg of the Syphon.

This body of Quickfilver being fix’d ina certain
part of the Tube (as fuppofe thereabouts, where it
70w appears to be, in the Fig.) was afterwards, by
the Rarefa&ion of the Air (contain’d between it,
and -the end cover'd with the Cap) driven farther to-
wards' the Angle of the Syphon ; for the Mercury
when put in, neceflarily forcing the Air along before
it, there muft needs be a Column of Air, wncluded
Dbetween it and the end of the Syphon guarded with
the brafs Cap: and that Air mult as neceffarily be ra-
refied by the heat of the warm Warer, and #hat Ra-
refaition ¢r Expanfion will force the Mercury towards
the Angle of the Syphon, where it has only the Pref-
fure of the External Air (thro’the open [borter Leg of
the Syphon) to encounter with, as an Impediment to
its motion that way. Now the fir# Expanfions of the
included Air, by the Heat,are {ufficient to overcome
the contrary Preflure of the External Atmofphere : And
by this-mieans the Column of Mercury is prefs’d
towards the Angle of the Syphon lo far, till the Rare-
faétion and the outward Preflure come to balance one-
another. Then, as the Water cools, (and the Heat
crowing lefs, the expanfive Force of the included
Air by confequence abates too) the Preflure of the
Atmoiphere thro’ the fhorter Leg of the Syphon be-
oins to prevail, and confequently forces the Mercu-
vy more inwards, or farther from the Angle ﬁi{ the
Sypron. - And thus the Rarefattion ftill diminifhing
and the weight of the Atmolphere gaining moreand
more upon it, the Mercury is ftill driven farther
from the Angle of the Syphon, and fo the length

- or
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or diftance between it and the end cover’d with the
Cap,becomes continually lefs and lefs. And thefe Di-
ances are exprefs’d in that Column of Parts in the
Table, which anfwer to the Degrees of the Spirit’s
defcent in ‘the Thermometer.

This Experiment it felf proves the Spring of the
Air, as it fhews us the. External Atmofpheric Co-
fumn firft giving way to the more powerful Expanfion-
of the #ncluded Air, and then by degrees recovering
it felf, and forcing the Mercury away before it, to--
wards the other end of the Tube.

We fee likewife the Ground gorfen by the Exter~
nal (which is the fame with that loff by the dnclu-
ded Air) to anfwer exaltly tothe Abatements of Heat
indicated by the defcending Spirits in the Thermometer
fo that the Liquor zhere always gave an exa& and

erfe@ account of the contraction or (hortning of the
Column of included Atr ; that 1s, of its Denfity,

The abandant Ufefulnefs of which Ofﬁwnﬁm, I may

fome time or other more largely dilcourfe of.

ExPERIMENTS
Concerning the Refraction of the Air. .

[ Bout Ten Years {ince, that Curious and" Inge-
~\ nious Member of the RovyArL SocieTy,.
Mr. JoEX Low THORP, contriv’d an Apparatus to
demonftrate fenfibly the Refraéions of the Air, which -
hitherto had been perceiv’d only by the {ubtile and
nice Divifions of Aftronomical Inftruments... He-
made. a Vacuum between two inclined Planes of Glafs

by.-
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by the help of Quickfilver, thro” which an Obje&t
view’d with a Trlefcope was feen, upon readmiflion
of the Air, very fenfibly to change place: An Ac-
count of which Experiment is at large in Phil. Tranf.
N° 257, aad in the French Memotrs for the Year 1700,
to which I referr.

Mr. Caffini the Son having been prefent when
Mr. Lowthorp made his Experiment before the Royal
Society, made a Report thereof to the Royal Academy
of . Sciences of Frazce; and, upon his return home,
thofe Scavans thought it worth their while to re-
examin the matter: But tho’ themfelves thought it
very ftrange, yet, as they manag’d the Trial, they
declare in the Hiftory of their Academy for the Year
1700, That it did not fucceed ; and, that the Beams
of Light paffling thro’ fuch a Vacuum, fuffer’d noal
teration by Refrattion. _

How well they made their Vacuum, tho’ they fay
it was bien exaltement, may juftly be queftion’d ; or
rather, the thing being {o evident, it will not feem
malicious, if we fuppofe fome little Senfe of Emula-
tion might incline them to deny the Honour of an
Improvement of fuch Confequence to Affronomy, to
a toreign Academy.

The Royal Soctety (whofe Glory it is to be as un-
willing to deceive as to be deceived) being inform’d
that this Experiment was call’d in queftion by the
French Academy, were defirous that it might be put
paft difpute, by repeated and fully-attefted Trials :
Accordingly I was order’d to make an Inftrument
for the purpofe, by the direttion of Mr. Halley, R.S. S.
and Profeflor of Geometry in Oxford, It confifted in
a ftrong Prifm of Brafs, two f{ides of which had
Sockets, to receive Glafles as truly planeand polifh’d
as could be gotten ; and the third fide had a Li”i‘p;:.1

wit



Lol
with a Stop-cock, whereby to apply both the Ex-
haufting and Condenfing Engine. The Glaffes were
firmly fix’d and cemented in, fo as to bear both an
inward and outward Preflure, and the whole turn’d
upen an Axis, that it might be made to receive the
Rays with any Obliquity defir’d: And, to be the
more fecure, T affix’d a Mercurial Gage, to difcover
any the leaft Defelt in the Cement, that might hap-
pen; the Angle contain’d between the two Glafs
Planes being very near to 64 degrees. And this In-
ftrument, thus prepar’d, we fitted to a Telefcope of
about 1o foot long, fo as the Axis of the Telefcope
might pafs thro’ the middle of the Prifm; and in
the Focus of the Telefcope a very fine Hair was adap-
ted, for diretion to the Sight.

Having chofen a proper and very diftin& ereé
Object, whofe diftance was 2588 feet, Func 15.S.7.
1708, in the Morning, (the Barometer being then
at 29.73%, and the Thermometer at 60) we firft ex-
haufted the Prifm, and then applying it to the Tele-
feope, the horizontal Hair in the Focus cover’d a
Mark on our Objett diftinétly feen thro’ the Vacuum,
the two Glaffes being equally inclin’d to the vifual
Ray: Then admitting the Air into the Pri{m, the
Objet was feen to rife above the Hair gradually,
as the Air entred, and in the end the Hair was found
to hide a Mark 10% inches below the former Mark.

This often repeated, as often fucceeded.

This done, we applied the Condenfing Engine to
the Prifm, and having pump’d in another Atmo-
fphere, {o that the Denfity of the included Air was,
by the Mercurial Gage, double to that of the out-
ward ; we again plac’d.it before the Telefcope, and

then letting out the Air by the Cock, the Obje&t,
Aa which
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whicli before feem’d to rife, now appear’d gradual-
ly to defcend, and the Hair at length refted on an
Object higher than before by the {fame Interval of

10 inches. And this likewife often repeated, never
fail’d.

We again crouded in another Atmofphere, and
upon difcharging the condens’d Air, the Object was
feen near 21 inches lower than the Hair ; but in this,
the great Preflure forcing the Cement would not:
permit us to make fo frequent Repetitions as-in the
former. _

And thefe Experiments have been fhewn before
the Prefident; and, at times, to moft of the princi--
pal Members of the Royal Society.. So that ’tis hoped
the Fa& may no longer be queftion’d. .

Now the Radius being 2588 feet, ten inches and
a quarter {ubtend an Angle of one minute and-
eight feconds ; and the Incidence of the Vifual Ray be- -
ing 32 Degrees, by reafon the Angle of the Glafs Planes
was 64 Degrees, it follows, from the known Laws of
Refraltion, that as Sine of 32°t08, 0f 31°.59% 26% fo-
Sine of any other  Incidence to the Sine of its res
fraGted Angle ; and {o is' Radizs, or 1000000,
to 999736 ; the Logarithm of which Ratio is.
—~—000114§ ;. Whence the Refraltion of the Aix may
readily be computed at any other Angle. of Inci-.
By the E lain] d, th
- By thefe Experiments it plainly appear’d, that
the Eefm&ian of the Air Was.,pas faz}r as ?hpe Eyg could
diftinguifh it, exaltly proportion’d to its Denfity ;
the Refraction being the fame from the ¢ommon
Air toa Vecuum, as from a double Denfity to the.
com- -
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common Air, and the Refraction from a treble Den-
fity to the common Air exatly double to that from
the common Air to a Vacuam. Whence the Den-
{ity of the Air, in refpett of the incumbent Atmo-
{phere, being always asthe height of the Mercury
in the Barometer, the Refraction alfo will be ceteris
paribws in the direft proportion of the heights of the
Mercury.

~ But this Denfity of the lower Air is confidera-
bly varied by Heatand Cold, as appears by the Ta-
ble, in page 173 ;g@wherein we have fhewn by Expe-
riment, that the Tame Air which when the Thermo-
meter marked 130 degrees, (being the greateflt Sum-
mer. Heat) occupied 144 {paces, by -extremity of
Cold, or at 50 degrees below the freezing point,was re-
“duced to 126 of the fame fpaces; but at the freezing
point tox31: it being very remarkable that the Air
and Spirit of Wine did proportionable contradt them-
felves during the whole Experiment. Hence by help
of the aforefaid Table, we are enabled to give a
rule to eftimate the Refrattion of the Air at all times;
having the height of the Barometer and Thermo-
meter: for with the fame Heat, the Refrallion is
as the height of the Barometer diretly,and under
the fame Preffure, it is as the fpaces the fame Air

occupies reciprocally. |
Now our Experiment being made when the Met-
cury wasat 29, 73, and the Thermometer at 6o,which
ives the fpace in the Table 137 ; letit, for Example
%Lkﬂ, be required to find what would be the Refraétie
on when the Barometer is at 29 inches, and the Ther-
mometer at the Freezing point, or the Air occu-
pying but 131 parts. I fay, the Denfity of the Air
at fuch time will be to the Denfity at the time of
our Obfervation, as 137 times 29 to 131 times 29, 73,
Aa2 that
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that is as 14892 t015589; wherefore the Refrattion
of the Air, at fuch time, will be in that fame Ratso
to what it was June 15, 1708. How to apply this
rule to Aftronomical purpofes, and how to correét
the Brrors occafioned by the Air’s Refra&tion, in the
Obfervations of the Stars, will fhortly be fet forthin
a more proper place.

An Account of an Experiment concerning the dif:
 ferent Weghts of the fame forts of Bodies
. but of very unequal Surfaces, in Water, wbﬁcg'
were ﬂf equal 14 ﬁz;gbt i Common Air. |

that the minute Parts of Bodies, which are
cifically heavier than fome Menflruums, may, not-
withftanding their excefs of Gravizy, be fulpended
and held up therein. __
- This is {een in the Diffolution of Gold in Aqua Re-
giay, and of Silver in Aqua Fortis, and many other
Chymical Experiments befides.

Now thefe Phenomena have hitherto been us’d to
be folv’d from the confideration of the great encresfe
,zf Superficies (in {mall bodies) in proportion to their

ulk.  For thefe Metals, or other Bodies, (fay thofe

who go upon this Hypothefis) being divided into
extreamly-minute parts, by the aCtion of the Mex-
forua, a vaft encreafe of Superficies, in proportion to the

bulk or weight, is an immediate Confequent :hereupﬂﬂ(i
An

T is very well' known, by inany Experiments,
e
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And the Refiftance from the Liquid, being greater or
lefs, according to the Superficies, it comes to pafs
that Particles of Matter, {pecifically heavier than a
Fluid propos’d, may by thatgreat excefs of refiffance
above their gravity, come.to be [ufpended and float
therein. '

Now from hence ’twas eafie to infer, that if this
was the reafon of the Phenomenon, fomething of
this mighty difference muft needs appear &y wezgh-
ing equal quantities of Matter;and therefore equally hea-
vy, but of very umequal Superficies,in Water, or {fome
other Liquid ; and then feeing how much the one ex-
ceeded the other in weight there. Accordingly I
took a piece of Sheet-Brajs of an exalk inch [quare,
and in weight juft 482 grasms. T then cut as many
Square inches of Brafs Tisfel, as were equal in
weight to the former, wiz. 482 grains; and thefé
pieces were 255 in sumber. Now here being f{o
-very great a difference- of Superficies, ‘I concluded
there would be fome very confidérable difference
found, arifing upon the weighing of thefe Mate-
rials in Water. But to my great {furprize (being in<
deed prepoffes’d in favour of the common Opinion )
Ifound bat two grains difference ;- the fingle picce weigh-
ing in the Water about 422 gratns, and the other
feparate ones hardly two grains lefs.. And this, upon
two or three repeated Trials, (made withall the cau:
tion imaginable) fucceeded much the fame ; fo that the
difference is not worth mentioning. Now here the
proportions of the Surfaces were as 1 to 255 (for I
reckon the fides of all the Tinfel-Lamine to be equal
to the fides of the fingle Brafs-Lamina) and notwith=
ftanding that in one cafe there was 254 times more
‘Superficies, than in the other; yet there was {carce .
o ' - a.
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-4+ part lefs weight with-all that Superficies, than
with the former; which decreement of Weight may,

without fcruple, be attributed to fome {mall Bubbles
cof Air, which adhered to them unperceiv’d.

And from hence I am ftrongly induc’d to conclude,
that fome other Caufe muit be found out to folve
this Phenomenon by, fince the difproportion be-
tween Superficies, and Bulk or Weight of Matter is
not {ufficient to do it. For {uppole a fmall Metal-
lick Particle, or one of {fome other Body [pecifically hea-
vier than a Lz‘guid; and fuppofe this to fink by its
.own weight, if put into this Liquid. According to
the foregoing Experiment, tho’ this Particle were di-
vided {0, as to have 254 times more Superficies than
now it has, yet its lofs of Weight would be fo incon-
fiderable, that no [ufpenfion in the Liquid were to be
expected from thence, And there is a pretty remark-
able Confirmation of this, tobe drawn from an Expe-
viment I made with the Powder of Fine Flint Glafs.
This Glafs made ufe of, was of that fort which is of all
.others the cleareft and freeft of Blebs, Farther; to have
the parts of the Glafs as minute as well might be,
after it was reduc’d zo Powder, I pa{s’d itthro’ a Lawn
Sieve. And that there might be no Errour arifing
from the want of 4 juff Quantity of Matter, to make
the Trial with; I weigh’d an Ounce of this fine Pow-
der againft the like quantity of folid Glafs,

And here likewife (as in the former Experiment)
the weight of this {o finely-powder’d Glafs, in Water,
differ’d by fuch « Trifle, from the Counterbalance of
the {olid Piecein the fame Element, that it was by ne
means worth taking notice of : Efpecially too, fince
fome parts of it remain’d floating in the Water,and never

{so
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fettled, or funk. down into the Backet of the Hydro-
fatical Balance at all.

But what this way of arguing from the greatnefs
of the Surfaces of Bodies, and the refiffance by the
 Liguid arifing therefrom, will not do (with refpeétto
the accounting for that Sufpenfion in a fpecifically-lighter
Medium) I believe may be done by another
Method, and that effeffually. In fhort, the fu-
fpenfion of the heavier Particles of Matter in Li-
quids, I attribute to the fame Caufe that keeps the Li-
quors fufpended in [mall Tubes: T mean Attraiiion..
The minute Parts of Bodies confifting of plane Sur-
faces, being ftrougly attracted by the Parts of « Fluid,.
in which they are plac’d, (and therefore reciprocally -
attralting the Parts of that Fluid again) may, by the
Altion ﬂfg thefe Forces, be held [u[pended therein, And
what little Bodies are not, or will not be, held fa-
fpended in a Liquid, but are ler fall therein tothe bot--
tom of the containing Veflel, I believe to be fo, upon
one of thefe two accounts: Either that the Parts of the
Liquid do more [trongly attrait one-another, than they
do thole lirtle Bodies inter[pers’d amongft them (which
therefore [ubfide upon that {core;) or elfe, that they
do by their owz Aitractions form themfelves into lit-
tle clufters, whofe bulk and [«periour Momentum help-
to precipitate them downwards. This being laid
down as the zrue Caufe, of the S#/penfion of {mall pon-
derous Particles of Matter in Liquids; I believe our
common Notions of Corrofion and Diffolution, may al-
fo be rectify’d from the fame Principles. . A Corrofive -
Liquor or Diffolvent, in the vulgar fenfe, is 3 X
umntelligible thing. TFor (not to mention orheigies
gruities) ’tis not to. be conceiv’d what fhoulg: §
the parts of & Liquid with [o prodigions an Impetus (os
Pores of a folid Body, fo as to diflolve the whole™%
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gure of it, and reduce it into iAfenfibly-fmall Parts,
But an Adttraitive Force in that {folid Body will do
this; by which the Particles of the Fluid are forc’d
into the Interftices of it, with « Momentum ([uperiour
.20 that of the Cobefion of its Parts. For this fuppos’d;
itsParts will be feparated from one-another; that
is, the Body will be d:ﬁfaiw’d. But the time per-
haps will come, when this wonderful Law of Attracti-
oz (as it obtains in the fmaller Portions of Matter )
avill be more fully and clearly underftood, and fome
new Effe&s of it difcover’d, which now are not -
{ufpe&ted to proceed from that Caufe.

AN
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APPENDIX
Containing fome General Remarks on fome of the

| foregoing  Experiments.

HO’ there are none of the Experiments related
in the foregving Traét, but what will (I hope)
be of fome ufe to the Intelligent Philofophical Reader,’
(ferving at leaft to excite him'to make farther Im-
provements himfelf, in Experimental Kpowledge, if
they don’t give him all the Information he needs or
defires) yet there are fome of them which being
(1 think) qaite new, and moreovetr wvery furprizing, 1
thought it might not be amifs to fill up a few Pages
here with fome Enquiries into, and Reafonings upon
them.

The Experiments I principally referr to, are thofe
of Elettricity and Light produc’d by Aittrition; of
which the Reader may find a large account from
p#g.17.t0 pag. 69. and thefe relating to variows fores
of Bodies, and in various Mediums too, - | |

I begin with the Phenomena of Eleitricizy.

There are fome of thefe fo ftrange in their Cir-
cumfitances, that I confefs I am apt to think there
are #ot many in pature, more {urprizing then they
are. _ -
“‘But, tho’ the ‘difcovery is yet but yowig, and has
not been made long enough, to be hrvughly and per-
fectly difenfs’d ; yet fome things which are either
plain and certain, or probable and likcly, may be

Bb ad-
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advanc’d in the mean time ; and as all Circumf{tan-
ces and Varieties in thofe Experiments come to be
more accurately examin’d, ’tis to be hop’d we may
arrive at more Pofitive Conclufions, about the Reafons
of the Phenomena. ’ e LF i

The Four following Prapagfiam relate tothe Attrition
2 of Tubes. ¥

Prop. 1. Within the Body of the Glafs, are contain’d
and. lodg’d certain Parts of Matter, of confiderable Force:
and Aétivity, which by their Motions and Percuffions are
the Canfes of all thefe Effects. ' R :
- 'That thereis an emiffion of fome Matter confe-

uent on the Frition, I think istoo plain to be que-
Hion’d; for ’tis obvious almoft to every one of our
Senfes: To the Eye; by the Motions of the Leaf-
Brafs, and by the Light produc’d, when the Tube
was rubb’d in the Dark: To the Feeling ; by the fen-
fible ftrokes and pufhes, made upon the Face, when
the Tube washeld nearit: To the Ear; by the Noife
and Crackings, the Eruption was accompanied with,
which might be heard at the diftance of Seven or.
Eight Foor.

_ That this Mastter emitted, is alfo emitted from or by
the Tube; 1 take to be as plain as the former. For.
how elfe fhould the rubbing of the Tube, ever be
an occafion of this Matter’s difplaying and exerting
it felf? If it came not from thence, the Attrition of
the Tube could not fetch it from any other Body.
diftinét from the Tube. Butthe Teftimony of Senfe.
affures us of this likewife: For all the motions of the
Leaf-Brafs are direfted to, or from, or about the.
‘Tube ; and therefore tis beyond all difpute, #har the
courfe of the moving Matter is from thence. And
I
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I believe thete’s hardly any one but will allow, that
this Matter, if it came from the Tube, was certainly ve-
pos’d and lodg’d there before.

Prop. 2. The Motion of this Matter is not equable and
gegalar, but diforderly, flattuating and irregalar.

This appears from part of the Fa&t related. For
the little Bodies fometimes would be drawn to,
fometimes thrown from the Tube with violence ;
fometimes be fufpended for a {mall time in the Air,
and at other times {lip along the fides of the Tube.
They would repeat thefe Leaps and Boundings for
feveral times together, and flutter up and down al-
moft like fo many Animals, rather than picces of
lifelefs Matter. Now this Variety cannot be the Effe&t
of an even and regular Motion. It plainly fhews
the moving Force to exert it felf (as it were) by
fits ; and to be £rﬂpdgﬂf¢£ every ivay about in a con-
fus'd irregular Orb. For if Bodies once put in' mo-
tion, can’t of themfelves alter their Diretion, but
are overrul’d by a foreign Force whenever they do
it; and if the diverfities of their Motions muft needs
infer juft as great a diverfity in the Impulfes of the
Bodies that move them ; then fince our pieces of
Leaf-Brafs (in this Experiment) were {o very odd
and extravagant in their Motions, ’tis plain, that the
Effiuvia (which alone can be the moving Bodies
here,) muft themfelvesalfo be harried after ¢ veryire
regular manner.

Prop. 3. The Air contignous to the inner Swrface of
the hollow Tube, has an Influence on Operations of the Ef-
fluvia, This plainly follows, becaufe when the
Tube was exhaufted, and the comtair’d Air drawn
out, the Leaf-Brafs would fcarce be ftirr’d at all,

Bb 2 tho’
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tho’ with a rmuch mere -forcible Attrition, and at a2
much lefs diftance, then when the Tube was full of
Air. And befides, when the Air was let into the
Tube again ; the attractive power (which was before
almoft. . loft) was ftrangely and faddenly recoverd
again. . Which isanundeniable Proof, that the Pre.
fence of that contiguous Air did fome way or other
contribute to:the more powerful and effe¢tual ope-
tation of the Effluvia. Neither is it an objetion of
any moment againt ; this ; that the attraction is as -
owerful in the ¢afe of the folid Tube; where there
eing no Cavity, there can confequently be no conti--
guous Air. For this only provesthat thereis as ftrong
an attration:in a folid Tube, as;in a hollow one;

tit does not prove, that the Air was of no ad-.
vantagein the cafe of the hollow 'Tube. To prove
that an. Effet may be the f[ame, in two wery diffe--
rant Circumftances s is not the [ame thing as to prove
that. 1t has no manner: of vélation to this or that par-
ticalar Caunfe “in one -of | thofe .Cérmmfﬂgmﬂ.. And*

s being

therefore to argue from the Leaf-Bra ftirr’d .
as_vigorou{ly by the Effiuvia, when the folid Tube
was ufed; will not be f{ufficieat to. fhow that: the
Air _has no manner of influence in the Circumitance
of the hollow -Tube. A3
For the Propofition, does-not aflert, that the Efs
fluvia can in no cafe exert themf{elves with vigour,
without the. concurrent -afliftance of the Air: -but
it aflerts, that the contiguons Air had fome advantas
geous Influence in the Cafe of the hollow Tube. "And
this is as ewident, as that the Air is ferviceable
to the vital Funtions of Animals, or that they can-
not live and breath without it..: For as upon the
depriving an Animal of the benefit of this Element,
all the Powers flag 5 the Springs of motion. become feeéﬁ
an
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and drooping y and at laft fink away into a fatal inaltivi-
1yt Soplfijgre,_'if the Tube be eﬂ%nﬂed 0); Air, the Ef-
fluvia loofe all that brisknefs which wrought fuch fur-
prizing Effets before; and continue (as it were) im- -
ggfent and dead, 'till "a frefh return of Air infpires -

em again. . _ '

© And to add a Demonfration of the Airs power, with
re[pect tothe operation of the Effluvia, which will (1 think)
admit of no Exception; 1 defire it may be confider’d,
that the Efluvia will not be excited by any Fricti-
on, tp produce any Effelts, if the Attrition of the
‘Fube be made in Vacno: and that, whether it be a
clofed hollow Tube replete with Air, or even a fo--
lid Tube it felf : To erther of which, T can give what
degree of Fri€tion foever is neceflary, in an exhau-
fted Receiver. The contiguous Air, 1 fay, being re-
moved, the Eleétrical force feem’d to be quite gone ; .
and ‘continued ‘foto be, till the prefence of the Air.
was reftor’d.  Now this is a plain Proof of the ne-
ceflity of the Air, to theoperationsof this attrattive
matter, - Wherein that neceflity lies, or what affi-
ftince tis which the Air contribut’s, I don’t here -
determine; but that the thing is fo, # fo manifeft,
that T cannot expect to  fee any thing more clearly prov’d
by Experiment than this is. " '

Prop. 4. It does not feem that the Air inmcluded iz -
the Cavity of the Tube can' have ‘any Liflucace (with re- -
[péct to'she Aition of the Effluvia) but one of thefe two
ways : Either, by the forcible Endeavonr of its Spring
againft the contiguous Body of Glafs, helping to pufﬁ 3
and impell that alfive Matter outwards, which is .
already prepar’d and difpos’d by the dftrition for
fuch a Remove , or elfe, as ( by vertue of the fame -

™ Principle) 1t hinders the Eletlrical Matter from rétiring

' Fi¥=
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imvards, by a&ting as an Impedimens againft it ; and
fo only orcafionally caufes the more fenfible and re-
markable Effets of that Matter, upon little Bodies
plac’d in its way. without the Tube.

It may be, that the Hear produc’d by the Motion
and wvigorous Attrition of the Glafs, may produce
fome degree of Rarefaition in the Air contiguous to
the convexe or outward Superficies, And then, in that
Cafe, there being not the like Rarefaction in the Air
contiguous to the coscave or inmer Surface, ( for.the
rabbing cannot produce that Heat upon a diffant Sur-
face, that it does on that which is mmediately rubb’d ;)
the EleCtrical Matter will, with much-more difficulty,
retive in towards the Cavity of the Tube, than it
will go outwards : becaufe the Equilibrium being loft on
the outfide, it will neceflarily be carried that way
where 1t meets with the leaft Oppofition. And cer-
tainly, the Spring of the lefi-rarefied Air within, is fupe-
riourto the Preffure of the more-rarefied Air withour.

And therefore, on the other hand, when the Tube
is exhaufted of its Air, and confequently she Balance
loft on the 7zfide; all the Attrition that can be gi-
ven will not be fufficient to bring the Efflavia out
againlt an sncumbent Preflare, as long as the inward
Cavity ‘is clear of Air, and there is no Counter-force
to oppole their Comatus or Tendency that way.

Prop. 5. Asthe internal Adir is neceffary to the Aéli-
onof the Effluvia; {0 is the external too: Becaufe, tho®

the Tube were full of Air, yet if rubb’d iz Vacuo, the
attraltive Power was quite lott.

Prop. 6. As therefore the internal Air feems neceffary,
either to affift the Eleétrical Matter in its Motion oatwards,
or at leaf 1o prevent its retiring inwards ; fo the external #
| Air



[ 191 7]
Air appears tobe as necef[ary to carry the little Bodies (which
we fay are attralted) fowards the Tube.

For if by the Heat and Rarefattion,confequent upon
the Attrition, the Medium contiguous to the Tube be made
JSpecifically lighter ; then of courfe, to keep up the balance,the.
remoter Air, whichis denfer, muft prefs in towards the
Tube, and {o carry away (in the Torrent) thelittle Bo-

dies lying in its way, thither alfo.

JProp. 7. The various Irregularities inthe excitation,
of the emilfion and difcharge, of the Eleftrical Matter from
the Tube (which will befollow’d with proportional Fr-
regularities,in the Motion and Tendency of the denfer Air,
towards the Tube, by the Hydroffatical Laws) may be
fufficient to asmyﬂ;ﬁr the warious uncertain Motions of the
little Bodies carried towards the Tube,

I fhall now add fomething concerning the Effects of
the Ele&ricity of the Glafs Globe and Cylinder.

 Prop. 1. 'The Prefence of the Air is neceffary to this'
Phenomenon, of the regular Direction of the Threads ; as:
well as to that of the Artraifion of the Tube,

Becaufe, if the femi-circular Hoop of Threads were
plac’d iz Vacuo, that Property oftheir regular Direlti-
on toa Center would be quite loft, even tho’ the Globe-
or Cylinder were full of Air..

Prop. 2. 'The reafon therefore, why the Threads are
not - direited in this cafe, does not feem to be, becaufe there -
is-no Eleétrical Marter difcharg’d from the Glafs (by the:
Attrition) to draw and dirvect them thither; but be--
caufe there wants a current of External Airyto put them-~
inro. the aforefaid central Direciion.

For the external Air being abfent and the internal pre-
[eat ; the Matter fhould find a vaitly-eafier paffage out-.

' ' wards
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~wafds, than smvards 3 and, 'therefcirﬁnvgilt: to“be dif-

charg’d that way. But then, becaufe the external Air
is remov’d, there is no room for the lofs and recovery of an
Eqailibrinmto takeplace; and confequently no Flux
. of a Circumijacent Medium that way, and fo, no Direction
of the Threads. For,

“Prop. 3. If the Eleétrical Matter be emitied iy Phyfical
Lines,every where diverging from the Center of that Circle
in which the Attritionis made (or in the Plane of which

~the Hoop of Threads ftands) towards the Circumference of
the fame Crrcley then by the Rarefaition of the Medium

contiguousio the Glafs, and-the weceffary Preffure: of the
more remote and denfe Medizm, into the Plane of that

Aame Circle, with Direitions contrary to thofe in which
the EMluvia are emitted: by 1his means (1{ay ) the Threads

-may be regularly direted to the Centér of that Circle,

in whofe Plane the Hoop towhichthey are fix’d is plac’d,

For the Flux of the denfe Medium will be in Directions

-contrary to thofe according to which the Rarefaction is
:made, Butthe Effluvia are (by the Hypothefis) emitted
in Phyfical 1ines, diverging from the Center towards the
Circumference. . Theretore the Rarefactior of the adja-
_cent Medinm isaccopding to the fame Diveftions. | And
-therefore the Flux of the remote denfer Medium, is in
Lines converging from the Circumference towards the
Center. Andall this(by the Hypothefis) being in the
Plane of dttrition ; thatis,mthe Plane,wherein the Hoop
of Threads flands: theretore the Threads are in the
{fame Plane, wherein the Flux of the denfe Medium
palles 7z Lines converging from the Circumference towards
the Center. And theretore by the Aétiomof the (aid Medium,)
the Threads may be fore’d into a regular Central Direction,

Prop. 4. Forthe fame reafon; If the Plaxe of A:-
trition be different from that Plane wherein the Threads
Are
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arefix’d ; the Threads ougght to form themfelved into &
fortof comical Surface ; or rather the Surface of a Trunk
of a Cone, whole Fertex would be fome pointin the Axs
of the Globe or Cylinder ; were the difcharge of Elefrical
Matter every way equableand uniform, And we find i¢
matter of Fa&t, that the Threads did adtually form them-
felves intothis fort of Figure. '

. So that if there were two Hoops of Threads, plac’d
one on one fide, and t’other of the other fide the Plaze
of Attrition, there would be two. Curti-cone Surfaces
form’d ; of which the wmore deute would be that which

- 15 fartheft from the Plane of Attrition; and the more
Obtufe, that which is neareft thereto. For when the
Plane of Attrition, and the Plane wherein the Threads are

plac’d, do co-incide; then the Conic Sﬂr‘{}tﬂf 1s chang’d

into the Ared of 2 Circle : becaufe then the Threads %ie
all in one and the fame Plans. , - |

Thus much concerning the Eleffricity. I would
now {ubjoyn fome few things; concerning the Lights

produc’d in thefe: Experiments. . . <1

~ Prop. 1. Tho® the Eleitrical Quality nece[Jarily requir’d
the prefence both of the External and Internal dir, in order
roits [bewing it Jelf ; yet the Light réquir’d the prefence
but of o7¢ of “ent, viz. either the izward or the outward
Air, in order to its appearance. e £
~ For either a GlafsGlobe fall of Air, rubb’d in Vacao,
ot with its Air exhaufted, and rubb’d in Pleno, would
either ,igﬁ_g--fpl{‘bdﬁi:& a very confiderable Light,

Prop.2. ‘There {eems therefore to bea real di{j”eremf
between the Eleitrical and Luminous Effluvia (at leaft in
fome cafes ) For by the foregoing Prop. thefe Qualities
“require different’ Crreamflances with refpect to the Gir-
cumjacent Medinm, inorder to their difcovering them-
.felves., And more than that; a fronger Atrition, which
F e K250 i . gene-
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generally heightens the Effe&ts of the Elettricity, does
not at-all contribute to the encreafe of the Light, Nay,
Ltg.é! s F?‘Qdﬂﬁ':fﬂf b}‘ the Eﬂqﬂvm ﬂ[ﬂﬁe G[ﬂﬁ f;;{'fyg o1
‘another ; but the Electrical Matter is not to be brought
forth, by any fuch.feeble Strokes or Impulfes as thofe are, |

" Prop.3. Thofe Lights (in fome Circumftances at leaft)
are lefs-[enfibiy.affected by the resurn of the Airgwhich are pro-
duc’d upon an Attrition of exhaufted. Glafs in Pleno, than
thofe produc’d by the Attyition of Glafs full 6f Ait iz Vacuo.

For, in the former cafe, no great alteration was found
in-the Light or Coloar, till a certain quantity of Air was
let into the /xfide of the exhanffed Glafs. But in the lat-
ter cafe, both Light and'Colonr were fenfibly chang’d,
at every admiflion of Air, on the antfide of the full .GJAE'.'. _

Prop. 4.. Of the various Lights produc’d from various
Bodies by Astrition, or (which is equivalent -thereto )
* the: Concuffian.and Agitation of their Parts; fome are much
more cosfin’d toaparticular Medium, as a neceffary Coms

.- e -

dition of their Appearance, than others arve, ' .
.. That of Culinary Fire, is abfolutely limited to fuch:
a Medium as Common Asr, : :

Thofe of Amber, Woolién, G_yﬂerﬁaﬂ?.’r? &c. require a:
Vacuum, or the neareft approach to ity and utterly difs
appearin a groffer Medium. P o iy

‘The Mercurial Lights are yet more unlimited, as to
the condition of the Medium in which they. appear.

For, as they are producible in Vacuo, and'ina rarefied
Medium approaching thereto; {o I have alfo fhewn,
“ThataLight of this kind may be made toappear even
in Common Air it felf.. '

And thus much for the Phenomena of Eleitricity -and Lighs,
produc’d by Aesrition.  From all put together, I hope, fome-
thing may arife,that may be ferviceable to the Defign, of gam-
ng [ome true Knowledge, of the Caufes of [o Jurprizing Appearances.
Aud if any one (hould luckily Zmprove thefe flors Hints for-that
purpofe, I fhall have obtain’d my End. s

EFd peedos,

-















