MICROGRAPHIA.

Obferv. VII. 0f fome Phenomena of Glafs drops.

T Hefe Glafs Drops are {mall [parcels of coarfe green Glafstaken out of
the Pots that contain the Afetal (asthey callit ) in fufion, upon the
end of anIron Pipe 5 and being exceeding hot, and thereby of akind of
fluggifh fluid Confiftence, are fuffered to drop from thence into a Bucket
of cold Water, and in it to lye till they be grown fenfibly cold.

Some of thefe 1 broke in the open air, by fnapping off a little of the
fmall ftem with my fingers, othersby crufhingit witha {mall pair of Ply-
ers3 which I had no fooner done. thenthe whole bulk of the drop flew
violently, with a very brisk noife, into multitudes of fmall pieces, fome of
which were asfmall as duft, though infome there were remaining pieces

retty large,withoutany flaw at all,and others very much flaw’d, which
gy rubbing between ones fingers was eafily reduced to duft; thefe di-
fperfed every way foviolently , that fome of them pierced my skin. [
could not find.either withmy naked Eye,or a Microfcope, that any of the
broken pieces were of a regular figure,nor any one like another, ‘but for
the moft part thofe that flaw'd off in large pieces were prettily bran-
ched.

The ends of others of thefe drops I nipt off whilft all the bodies and
ends of them lay buried under the water,which, like the former, flew all
to pieces with as brisk a noife, and as {trong a motion.

Othersof thefe I tried to break, by grinding away the bluntend, and
though I took afeemingly good one, and had ground away neer two
thirds of the Ball, yet woulditnot fly to pieces, but now and thenfome
fmall rings of it would fnap and fly off, not without a brisk noife and
quick motion,leaving the Surface of the drop whence it flew very pretti-
ly branched or creafed , which was ealily dilcoverable by the Microfeope.
This drop,after I had thus ground it, without at all impairing the remnant
that wasnot ground away, I caufed to tly immediately allinto fand upon
the nipping off the very tip of itsflender end.

Another of thefe drops I began to grind away at the fmallerend , but
had not worn away on the ftone abovea quarter of aninch before the
wholedrop flew with a brisk crack into fund or fmall duft ; nor would
it have held fo long , had there not beena little flaw in the piece thatl
ground away, asI afterwards found.

Several others of thefe drops I covered over with a thin but very tuff
skin of Ictkyocolia, which being very tough and very tranfparent,was the
moft convenicnt fubftance for thclz tryals that I could imagine, havin
dig_t,l fay. feveral of thefe drops in this tranfparent Glue whilft hot , ancgl
fuffering them to hang by a ftring tied about the end of them till they
werecold, and theskin pretty tough; then wrapping all the body of the
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drop ( leaving out only the very tip ) infinc fupple Kids-leather very
clofely,I nipped off the {mall top, and found, as [ expected, that notwith-
ftanding this skin of Glue, and the clofe wrapping upin Leather, upon
the breaking of the top, the drop gavea crack like thereft, and (%avc my
hand a pretty brisk impulfe: but yet the skin and leather was {o {trong as
to keep the parts from flying out of their former pofture; and, the skin
being tranfparent , I found that the drop retaincd exatly its former fi-

re and polifh, but was grown perfectly opacous and all over flaw'd, all
thofe flaws lying in the manner of rings, from the bottom or blunt end, to
the very top or fmall point. ~ And by feveral examinations witha Aicro-
Jeape, of feveral thus broken, I found the flaws, both within the body of
the drop, and on the outward furface, to lye much in this order.

Let AB in the Figure X of the fourth Scheme reprefent the drop cafed
over with I&hyocolla or Ifinglafs,and ("by being ordered asis before pre-
fcribed ) crazed or flawed into pieces, but by the skin or cafe kept inits
former figure, and each of its ﬂiwcd parts preferved exactly inits due
pofture 5 the outward appearance of it fomewhat plainly to the naked
eye, but much more confpicuous if viewed witha fmall fenfs appeared
much after this fhape. That is, the blunt end B fora pretty breadth,
namely, asfarastheRing C C C feemed irregularly flawed with divers
clefts, whichall feemed to tend towards the Center of it, being, as 1 af-
terwardsfound , and fhall anon fhew in the defcription of the figure Y,
the Bafis, as it were, of a Cone, which was terminated a little above the
middle of the drop, all the reft of the Surface from C CC to A was
flawed with an infinite number of fmall and parallel Rings,which as they
were for the moft part very round , fo were they very thick and clofe
together, but were not fo exactly flaw'd as to make a perfect Ring, but
each circular part was by irregular cracks flawed likewife into multitudes
of irregular ls)akes or tiles; and this order was obferved likewife the
whole length of the neck,

Now though I could not fo exactly cut this conical Bodythrough the
Axis, asis reprefented by the figure Y35 yet by anatomizing, as it were,
of feveral, and taking notice of divers particular circumftances, I wasin-
formed, that could I'haveartificially divided a flaw'd drop through the
Axis or Center , I fhould with a Aficrofcape have found it to appear much
of thisform, where A fignifics the 4pex, and B the blunt end, CC the
Cone of the Bafis, which isterminated at T the top or end of it, which
feemsto be the very middle of the blunt end, in which, not only the co-
nicalbody of the Bafis C C is terminated, but as many of the parts of the
dropas reach as high as DD.

And it feemed to be the head or beginning of a Pith, asit were, or a
a part of the body which feemed more fpungy thenthe reft, and much
moreirregularly lawed, which from T afcended by EE, though lefs vi-
fible, intothe fmall neck towards A. The Grain, asit were, of all the
flaws, that from all the outward Surface A DC CD A, was much the
fame,as is reprefented by the black firokesthat meet inche middle DT,
DT,DE,DE, ¢-«.
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Nor is this kind of Grain, asImay call it, peculiar to Glafs drops thus
quenched ; for (‘not to mention Coperas-flones, and divers other Asar-
chafites and Minerals , which I have often taken notice of to be in the
very fame manner flaked or grained, with a kind of Pith in the middle )
I have obferved the fame in all manner of caft Iron , cfpecially the coar-
fer fort, fuchas Steves, and Furnaces, and Backs, and Pots are made of -
For upon the breaking of any of thofe Subftances it is obvious to ob-
ferve, how from the out-fides towards the middle, there is a kind of
Radiation or Grain much refembling this of the Glafs-drop; but this
Grainis moft confpicuous in Iron-bullets , if they bebroken: the fame
Phenomena may be produced by cafting regulus of Antimony into
aBullet-mold, as alfo with Glafs of Antimony, or with almoft any fuch
kind of Vitrified fubflance, cither caftinto a cold Mold or poured into

ater.

Others of thefe Drops I heat red hot in the fire,and then fuffered them
to cool by degrees. And thefe I'found to have quite loft all their fulnsi-
nating or flying quality, asalfotheir hard, brittle and fpringy texture 5
and to emerge of a much fofter temper,and much eafier tobe broken or
fnapt with ones finger:but its ftrong and brittle quality was quite deftroy-
ed, and it feemed much of the fame conliftence with other green Glafs
well nealed in the Oven.

The Figure and bignefs of thefe for the molft part was the fame with
that of the Figure Z ; thatis,all the furface of them was very fmooth and
polifht,and for the moft part round, butvery rugged or knobbed about
D, andall the length of the ftem was here and there pitted or flatted,
About D, which isat theupper part of the drop under thatfide of the
ftem whichisconcave, there ufually wasmade fome one or more little
Hillocks or Prominences. The drop it felf, before it be broken, appears
very tranfparent, and towards the middle of it,to be very full of {mall
Bubbles, of fome kind of aerial fubftance, which by the ref}r'a&ion of the
outward furface appear much bigger then really they are; and this may
be in good part removed, by putting the drop under the furface of clear
Water, for by that means moft part of the refraction of the convex Sur-
face of the dropis deftroyed , and the bubbles will appear much fmaller.
And this, by the by, minds me of the appearing magnitude of the aper-
ture of theiris, or pupil of the eye, which though it appear, and be there-
fore judged very large, is yet not above a quarter of the bignefs it ap-
pears of, by the lenticular rctraltion of the Cornea.

The caufe of all which Phenomena 1imaginc to be no other then this,
That the Parts of the Glafs being by the exceflive heat of the fire kept
off and feparated one from another, and thereby put into a kind of {lug-
gifh fluid confiftence , are fuffered to drop off with that heat or agitation
remaining in them, into cold Water; by which meansthc outfidesof the
drop arc prefently cool'd and crufled , and arc thercby made of a loofe
texture,becaufe the parts of it have not time to fettle themiclves leifurely
together , and foto lie very clofe together : And the innermoft parts of
the drop, retaining (till much of their former heat and agitations, remain
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of a loofe texture al{o,and according asthe cold ftrikes inwards from the
bottom and fides, arequenched, asit were, and made rigid inthat very
pofture wherein the cold finds them. For the partsof the cruf? being
already hardened , will not fuffer the partsto{hrink any more tromthe
outward Surface inward 5 and though it fhrink a little by reafon of the
fmall parcels of fome Aerial fubftances difperfed through the matter of
the Glafs, yet that is not neer fo much asit appears ("as I juft now hint-
ed ;) nor if it were,would it be fufficieqt forto confolidate and condenfe
the body of Glafs into a t#f" and clofe texture, afterit had been fo ex-
ceflively rarified by the heat of the glafs-Furnace.

But that there may be fuch an expanfion of the aerial fubftance con-
tained in thofe little blebbs or bubbles inthe body of the drop , this fol-
lowing Experiment will make moreevident.

Take a fmall Glafs-Cane about afoot long, feal up one end of it ker-
metically,then put in a very fmall bubble of Glafs, almoft of thefhape of
an Effence-viol with the open mouth towards the fealed end , thendraw
out the other end of the Pipe very fmall,and fill the whole Cylinder with
water, then fet this Tube by theFiretill the Water begin to boyl, and
the Air in the bubble be in good part rarified and driven out , thenby
fucking atthe fmalling Pipe, more of the Air or vapoursin the bubble
may be fuck’'d out, fo that it may fink to the bottom; when it is funk to
the bottom,in the flame of a Candle,or Lamp,nip up the flender Pipe and
let it cool : whercupon it is obvious to obferve, firft, that the Water by
degrees will fubfide and fhrink into much lefsroom : Next, that the Air
or vapours in the Glafs will expand themfelves fo, as to buoy up the little
Glafs: Thirdly, thatall aboutthe infide of the Glafs-pipe there will ap-
pear an infinite number of fmall bubbles,which as the Water grows colder
and colder will fwell bigger and bigger, and many of them buoy them-
felves up and break at the top.

From this Difceding of the heat in Glafs drops,that is,by the quenching
or cooling Irradiations propagated from the Surface upwards and in-
wards, by the lines CT, CT, DT, DE, . thebubbles inthe drop
have room to expand themfelves a little, and the parts ot the Glafs con-
tratt themfelves; but this operation being too quick for the {luggith parts
of the Glafs, the contraction is performed very unequally and irregularly,
and thereby the Particles of the Glafsare bent, fome onc way, and fome
another, yet foas that moft of them draw towards the Pithor middle
TEEE, or rather from that outward : fo that they cannot extricate or
unbend themfelves, till fome part of T E E E be brokenand loofened,
for all the parts about that are placed inthe manner of an Arch, and fo
till their hold at T EE E be loofened they cannot fly afunder, but up-
hold, and fhelter, and fix each other much like the ftones in a Vaule,
where each ftone does concurrc to the ftability of the whole Fabrick,
and no one ftone can be taken away but the whole Arch falls.And where-
foever any of thofe radiating wedges DT D, ¢%c. are removed, which
are the component parts of this Arch,the whole Fabrick prefently falls to
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pieces ; for all the Springsof the feveral parts are fet at liberty, which
immediately extricate themfelves and fly afunder every way 5 each part
by its {pring contributing to the darting of it {cIf and fome other contigu-
ouspart. But if this drop be heat fo hotasthat the parts by degrees can
unbend themfelves, and be fettled and annealed in that pofture, and be
then fuffered gentg tofubfide and cool; The parts by this nealing lo-
fing their {pringinefs , conftitute a drop of a more foft but lefs brittle tex-
ture,and the parts being not at all under a flexure, though any part of the
middle or Pith TEE E be broken,yet will not the drop at all ﬂpy to pieces
as before.

_ This Conjetture of mine I fhall indeavour to make out by explain-
ing eacfl_l particular Aflertion with analagons Experiments : The Affertions
arethefe.

Firft, That the parts of the Glafs, whilft in a fluid Confiftence and
hot , aremore rarified, or take up moreroom, then when hard and
cold.

Secondly, That the parts of the drop do fuffer a twofold contras
rion.

Thirdly , That the dropping or quenching the glowing metal inthe
Water makes it of a hard, {pringing, and rarified texture.

Foarthly , That there is aflexion or force remaining upon the parts
of the Glafs thus quenched, from which they indeavour to extricate
themfelves.

Fifthly, That the Fabrick of the drop, tliat isable to hinder the parts
from extricating themfelves, is aralogss to that of an Arch.

Sixthly, That the fudden flying afunder of the parts proceeds from
their {pringinefs.

Seventhly, Thata gradual heating and cooling doesanneal or reduce
the parts of Glafstoa texture that is more loofe, and eahlier tobebros
ken, but not fo brittle.

That the firft of thefe is true may be gathered from this, That Heat &

a property of a body arifing fromthe motion or agitation of its parts 5 and
therefore whatever body is thercby toucht muft neceflarily reccive fome
art of that motion,whereby its parts will be fhaken and agitated, and fo
Ey degrees free and extricate themfelves from one another , and each
part fo moved does by that motion exert a conatus of protruding and dif-
placing all the adjacent Particles. Thus Airincludedina vefle], by be-
ing heated will burft it to pieces. Thus havel broke a Bladder held
over the fire inmy hand, with fuch a violence and noife , that it almoft
made me deaf for the prefent,and much furpafied the noife of a Musket:
The like have I done {;y throwing into the fire fmall glafs Bubbles her-
metically fealed , witha little drop of Water included in them. Thus
Water alfo,or any other Liquor,included in a convenient veflel,by being
warmed , manifeftly expandsit felf witha very great violence , fo asto
break the ftrongeft veilel, if when heated it be narrowly imprifoned in it.
This
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This is very manifeft by the fealed Thermometers, which I have, by feve-
ral tryals, at laft brought to a great certainty and tendernels : for I have
made fome with {tems above four foot long, inwhich the expanding Li-
quor would fo far vary,asto be very necr the very top in the heat of Sum-
mer, and prety neer the bottom at the coldeft time of the Winter. The
Stems I ufe for them are very thick,ftraight,and even Pipes of Glafs,with
a very fmall perforation , and both the head and body I have made on
purpofe at the Glafs-houfe, of the fame metal whereof the Pipes are
drawn: thefe I canealfily in the flame of a Lamp, urged with the blaft of
a pair of Bellows, feal and clofe together, fo asto remain very firm, clofe
and even; by thismeans I joynon the body firft,and then fill bothit and
a part of the ftem, proportionate to the length of the ftem and the
warmth of the feafon Ifill it in,with the beft reCtified Spirit of Wine high-
ly ting'd with the lovely colour of Cocheneel, which I deepen the more
by pouring fome drops of common Spirit of Urine, which muft not be
too well rectified, becaufe it will be apt to make the Liquor to curdle
and ftick in the fmall perforation of the ftem. This Liguorlhavc upon
tryal found the moft tender of any {pirituous Liquor,and thofe are much
more fenfibly affected with the variations of heat and cold then othermore
flegmatick and ponderous Liquors, and as capable of receiving a deep
tinCture, and keepiniit,as any Liquor whatfoever; and ( which makes
it yet more acceptable ) is not fubject to be frozen by any cold yet
known. When I have thus filled it,I can very eafily in the foremention-
ed flame of a Lamp feal and joyn on the head of it.

Then, for grafuating the &cm, I fix that for the beginning of my di-
vifion where the furface of the liquor in the ftem remains when the
ballis placed in common diftilled water, thatisfo cold that it juft begins
to freeze and fhoot into tlakes; and that mark I fix at a convenient place
of the ftem, tomake it capable of exhibiting very man‘{ degrees of cold,
below that which is requifite to freeze water: the reft of my divifions,
both aboveand below this (which I mark with a [o] or nought ) I place
according to the Degrees of Expanlion, or Comtrattion of the Liquor in
proportion to the bulk it had when it indur'd the newly mention'd freez-
ing cold.  And this may be very eafily and accurately enough done by
this following way 5 Prepare a Cylindrical veflel of very thin plate Brafs
or Silver, AB CD of thefigure Z; the Diameter AB of whofe cavity
let be about two inches, and the depth B C the fame; let eachend be
cover'd with a flat and fmooth plate of the fame fubftance, clofely foder'd
on, and in the midft of the upper cover make a pretty large hole E F,
about the bignefs of a fifth part of the Diameter of the other; into this
faften very well with cement a ftraight and even Cylindrical pipe of Glafs,
EF G H, the Diameter of whofe cavity let be exatly one tenth of the
Diameter of the greater Cylinder.  Let this pipe be mark’d at GH with
a Diamant, fo that G from E may be diftant juft two inches, or the fame
height with that of the cavity of the greater Cylinder, then divide the
lengthE G exactly into 10 parts, {o the capacity of the hollow of each
of thefe divifions will be 3z part of the capacity of the greater Cylin-
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der. Thisveflel being thus prepared, the way of marking and gradu-
ating the Thermometers may be very eafily thus performed :

Fill this Cylindrical veflel with the fame liquor wherewith the Ther-
mometers are fill'd, then place bothit and the Thermometer you are to
graduate, inwater thatisready to be frozen, and bring the furface of the
liquor in the T bermometer to the firft marke or [0]; then fo proportion
the liquor in the Cylindrical veflel, that the futface of it may jult be at
the lower end of the fmall glafs-Cylinder 5 then very gently and gradu-
ally warmthe water in which both the Thermometer an§ this Cylindrical
veflel ftand, and as you perceive theting'd liquor to rife in both ftems,
with the point of a Diamond give feveral marks on the ftem of the Ther-
mometer at thofe places, which by comparing the expanfion in both
Stems, are found to correfpond to the divifions of the cylindrical veflel,
and having by this means marked fome few of thefe divifions on the
Stem, it will be very cafie by thefe to mark all the reft of the Stem,
and accordingly to affign to every diviflona proper charaéter.

A Thermometer , thus marked and prepared, will be the fitteft Inftru-
ment to make a Standard of heat ancY cold that can beimagined. For
being fealed up, it is not at all fubje(t to variation or wafting, noris it lia~
ble to be changed by the varying preflure of the Air, which all other
kind of Thermometers that are open to the Air are liable to. But to pro-
ceed.

This property of Expanfion with Heat, and Contrattion with Cold, is
not peculiar to Liquors only, but to all kind of folid Bodies alfo, efpeci-
ally Metals, which will more manifeftly appear by this Experiment.

Take the Barrel of a Stopcock of Brafs; and let the Key, which is well
fitted to it,be riveted into it,fo that it may {lip,and be eafily turned round,
then heat this Cock inthe fire,and you will find the Key fo fwollen, that
you willnot be able to turn it round in the Barrel 5 but if it be fuffered
to cool again, asfoon asit is cold it will be as movable, and as eafie to be
turned as before.

This Quality is alfo very obfervable in Lead, Tin, silver, Amimony,
Pitch,Rofin,Bees-wax Butter,and the like; all which,if after they be melted
you fuffer gently tocool, you fhall find the parts of the upper Surface
to fubfide and fall inwards , lofing that plumpnefs and fmoothnefs it had
whilftin fufion. The like I have alfo obferved in the cooling of Glafs
of Antimony. which does very neer approach the nature of Glafs,

But becaufe thefe are all Examples taken from other materials then
Glafs,and argue only, that poflibly there may be the like property alfo iry
Glafs, not that really there is 5 we fhall by three or four Experiments in-
deavour to manifeft that alfo.

And theFirft isan Obfervation that is very obvious evenin thefe very
drops,to wit,that they arcall of them terminated with anunequal or ir-
regular Surfacc . efpecially about the fmaller part of the drop, and the
whole length of the ftem 5 as about D, and from thenceto A, the whole
Surface, which would have becn round if the drop had cool'd leifurely,
is, by being quenched haftily,very irregularly flatted and pitted 3 whicl;

Google

39



40

MIiCROGRAPHIA.

Ifuppofe proceeds partly from the Waters unequally cooling and prcf-
fing the partsof the drop, and partly from the {clt-contraCring or fubfi-
ding quality of the fubftance of the Glafs: For the vchemency of the
heat of the drop caufes fuch fudden motions and bubbles in the cold Wa-
ter,that {cme parts of the Water bear more forcibly again{t one part then
againft another , and confequently domore fuddenly cool thofe parts to
which they are contiguous. ]

A Second Argument may bedrawn from the Experiment of cutting
Glafles with a hot Iron. For in that Experiment the top of the Iron
heats, and thereby rarifiesthe parts of the Glafs that lie juft before the
crack,, whence each of thofe agitated partsindeavouring to expand its
felf and get elbow-room, thrufts off all the reft of the contiguous parts,
and confequently promotes the crack that was before begun.

A Third Argument may be drawn from the way of producinga crack
in a found piece or plate of Glafs, whichis donetwo wayes, eitherFirft,
by fuddenly heating a piece of Glafs in one place more then in another,
And by this means Chymifts ufually cut off the necks of Glafs-bodies,
by two kindsof Inftruments, either bya §lowing hot round Iron-Ring,
which juft incompafles the placethatis tobe cut, orelfe by a swiphur'd
Threed,whichis often wound about the place where the feparation is to
be made,and then fired. OrSecondly.A Glafs may be cracked by cooling
it fuddenly in any place with Water, or the like, after it hasbeenall lei-
furely and gradually heated very hot. Both which Pbenomena feem ma-
nifeftly to proceed from the expanfior and contrattion of the parts of
the Glafs, which isalfo made more probable by this circum{tance which
I have obferved , that a piece of common window-glafs being heated in
the middle very fuddenly with alive Coal or hot Iron,does ufually at the
firft crack fall into pieces,whereas if the Plate has been gradually heated
very hot, and a drop of cold Water and the like be (put on the mid-
dle of it, it only flaws it, but does not break it afunder immedi-
ately.

AyF ourth Argument may be drawn from this Experiment; Take a
Glafs-pipe, and fitintoitafolid ftick of Glafs, foasit will but juft be mo-
vedinit. Then by degreesheat them whilft they are one within ano-
ther,and they will grow ftiffer, but when they are again cold,they will be
as eafie to be turned as before. This Expanficn of Glafs is more mani-
felt in this Experiment.

Takea ftick of Glafs of a confiderable length,and fit it fo between the
twoends or fcrews of a Lath,that it may but juft eafily turn,and that the
very ends of it may be jufttouchtand fuftcined thercby 5 then applying
the flame of the Candletothe middle of it, and heating it hot, you will
prefently find the Glafs to ftick very faft on thofe points, and not without
much difficulty to be convertible onthem, before that by removing the
flame for a while from it, it be fuffered to cool, and then you will find it
as cafie to be turned round us at the firft.

Fromal] which Experimentsit is very evident, that all thofe Bodies,
and particularly Glafs, fuffersan Expanfion by Heat, and that a very con-
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fiderable one,whilft they arein a ftate of Fufion. For Fluidity,as1 elfewhere
mention, being nothing Zut an effect of avery [Frong and quick fbaking motion,,
whereby the parts are,as it were,loofened from each other,and conjequently leave
an interjacent [pace or vacwity; it follows, thatall thofe thaken Particles muft
neceflarily take up much more room then whenthey were at reft, and lay
quietly upon each other.  And this is further confirmed by a Pot of boyling
Alabafter, which will manifeftly rife a fixth or eighth part higher in the Pot,
whilft it is boyling, then it will remain at, both before and after it be boyl-
ed.The reafon of whichodd Phenomenon (tohintit here only by the way)
is this, thatthere isin the curious powder of Alabafter,and other calcining
Stones, a certain watery fubftance, which isfofixt and included with the
folid Particles, that till the heat be very confiderable they will not fly away;
but after the heat is increafed tofuchadegree, they break out every way
in vapours, and thereby fo fhake and loofen the frall corpufles of the Pow-
der from each other, that they become perfectly of the nature of a fluid bo-
dy, and one may moveaftick toand fro through it, and ftir it as cafily as
water, and the vapours burftand break out in bubbles juftas in boyling
water,and thelike; whereas, both before thofe watery parts are f{ ing
away, and after they are quite gone 5 thatis, before and ateer it have done
boyling,all thofe efleéts ceafe,, and a ftick is as difficultly moved to and fro
in it asinfand, or thelike. Which Explication I could eafily prove, had I
time ;3 but thisisnot a fit place for it.

To proceed therefore, I fay,that the dropping of this expanded Body in-
to cold Water, does make the parts of the Glafs fuffer a double contraction :
The firft is, of thofe parts which are neer the Surface of the Drop. For Cold,
asIfaid before,contralting Bodies, that is,by the abatement of the agitating fa-
enlty the parts falling neerer together 5 the parts next adjoying to the Water
muft needs lofe much of their motion, andimpart ittothe Ambient-water
(which the Ebullition and commotion of it manifefts) and thereby become
a folid and hard cruft, whilft the innermoft parts remain yet fluid and ex-
panded ; whence,as they grow cold alfo by degrees,their parts muft neceffa-
rily be left at liberty to be condenfed , but becaufe of the hardnefsof the
outward cruft,the contraction cannot be admitted that way;but there being
many very {mall, and before inconfpicuous, bubbles in the fubftance of the
Glag,upon the fubfiding of the parts of the Glafs,the agil fubftance contain-
ed in them has liberty of expanding it felfa little,and thereby thofe bubbles

row much bigger,whichisthe fecond Contraction. And both thefe are con-

ed from the appearance of the Drop it felf: for as for the outward parts,

we fee firft,that it 1s irregular and fhrunk, as it were, which is caufed by the

yielding a little of the hardened Skinto a Contraltion, after the very out-

moft Surfaceis fettled 5 and asfor theinternal parts, one may with ones

naked Eye perceive abundance of very confpicuous bubbles, and withthe
Micrefcope many more.

The Confideration of which Particulars will eafily hake the Third Pofiti-
on probable,that is,that the parts of the drop will be of a very hard, though
of ararified Texture; for if the outward parts of the Drop, zy reafon of 1ts

hard cruft, will indure very little Contraétion, and the agil Particles, infllu‘i
M e
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ded inthofe bubbles, by the lofing of their agitation, by thedecreafe of the
Heat lofe alfo moft part of their Spring and Expanfive powersit follows { the
withdrawing of the heat being very fudden) that the parts muft be left in a
very loofe Texrure, and by reafon of the implication of the parts one about
another,which fron their {luggifhnes and glutinoufnefs I fuppofe to be much
after the manner of the fticks in a Thorn-bufb,or a Lock ofP WoolsIt will fol-
low, I fay, that the parts will hold each other very {trongly together,and in-
deavour to draw each other neerer together, and confequently their Tex-
ture muft be very hard and ftiff, but very much rarified.
And this will make probable my next Pofition, That the parts of the Glafs
are under a kind of tenfion or flexure,out of which they indeavonr to extricate and
free themfelves,and thereby all the parts draw towards the Center or middle,
and would, if the outward parts would give wav, as they de when the out-
ward parts cool leifurely (asin baking of Glatles) contract the bulk of the
drop into a much lefs compafs. For fince.as I prcved before,the Internal parts
of tEe drop, when fluid,were of a very rariI{‘ed Texture andasit were,tos'd
open like a Lock of Wool,and if they were fuffered leifurely to cool, would
be again preft, as it were,clofe together: And fince that the heat,which kept
them bended and open, isremoved , and yet the parts not fuffered to getas
neer together asthey naturally would 5 It follows,that the Particles remain
under a kind of tesfior and flexure , and confequently have an indeavour to
free themfelves from that bending and diftenfior, which they do, asfoon as
either the tipbebroken, oras foon as by a leifurely heating and cooling,
the parts are nealed into another pofture.

And this will make my next Pofition probable,that the parts of the Clafs drops
are contignated together in the form of an Arch,and cannot any where yield or
be Jrawn inwards,till by the removing of fome one part ofit(as it happens in
the removing one of the ftones of an Arch)the whole Fabrick is fhatter d,and
falls to pieces,and each of the Springs is left at liberty,fuddenly to extricate it
felf': for fince L have made it probable,that the internal parts of the Glafs have
a contractive power inwards, and the external parts are incapable of fuch a
Contraction,and the figure of it being fphericalsit follows,that the fuperficial
partsmuft bear againft eachother, and keep one another from being con-
dens'd into a lefs room, in the fame manner as the ftones of an Arch conduce
to the upholding each other in that Figure.And this is made more probable
by another Experiment which was communicated to me by an excellent Per-
fon,whofe extraordinary Abilities in all kind of Knowledg, efpecially in that
of Natural things,and his generous Difpofition in communicating,incouraged
me to have recourfe to him on many occafions. The Experiment was this :
Small Glafs-balls ( about the bignefs of that reprefented in the Figure &)
would,upon rubbing or fcratching the inward Surface, fly all infundcr, with
a pretty brisk noife 5 whereas neither before nor after the inncr Surface had
been thusfcratcht, did there appear any flaw or crack. And putting tlie pie-
cesof one of thofe broken ones together again, the flaws appeared much
after the manner of the black lines on the Figure, & Thefe Balls were fmall,
but exceeding thick bubblesof Glafs, whichbeing crack’d off from the
Puntilion whillt very hot , andfo fuffered to cool without nealing them

the
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the Oven over the Furnace, do thereby (" being made of white Glafs,
which cools much quicker then green Glafs, and isthereby made much
brittler ) acquirea very porousand very brittle texture: f{othat if with
the point of a Needle or Bodkin, the infide of any of them be rubbed

rety hard, and thenlaid ona Table, itwill, within a very little while,
Ereak into many pieces with a brisk noife, and throw the parts above a
fpan afunder on the Table: Now though the piecesare not fo fmall as
thofe of a fulminating drop, yet they as plainly fhew, that the outward
parts of the Glafs have a great Conatus to fly a&nder,were they not held
together by the tenacity of the partsof the inward Surface : for we fee
as foon as thofe parts are crazed by hard rubbing, and thereby their tena-
city fpoiled, the fpringinefs of the more outward parts quickly makesa
divulfion, and the broken picces will, if the concave Surface of them be
further fcratcht with a Diamond, fly again into fmaller pieces.

From which preceding confiderations it will follow Sixthly, That the
fudden flying aﬁl:nder of the parts as foon as this Arch is any where difor-
dered or broken, proceeds from the fpringing of the parts; which ,indea-
vouring to extricate themfelves as foon as they get the liberty , they per-
{urm it with fuch a quicknefs,that they throw one another away with very
great violence : for the Particles that compofe the Crufthavea Comatus
tolye further from one another,and therefore as foon as the external parts
are locfened they dart themfelves outward with great violence, juft as fo
many Springs would do, if they were detained and faftened to the body,
as foon asthey fhould be fuddenly loofened; and the internal parts draw-
ing inward, they contract fo violently, that they rebound bacﬁ againand
fly into multitude of fmall fhiversor fands. Now though they appear
not, either to the naked Eye, or the Microfcope, yet Tam very apt to tgiixk
there may be abundance of fmall flaws or cracks, which , by reafon the
ftrong reflecting Air is not got between the contiyuons parts, appear not.
And that this may be fo, I'argucfromthis, that I have very often been
able to make a crack or flaw, in fome convenienfrpieces of Glafs,to appear
and difappear at pleafure, according as by prefling together, or pulling
afunder the contiguous parts, Iexcluded or admitted the ftrong reflect-
ing Air between the parts: And it is very probable, that there may be
fome Body, that iscither veryrarified Air, or fomething analogexs toit,
which fills the bubbles of thefe drops ; which I argue, firft, from the round-
nefs of them, and next, fromthe vivid refleCtion of Light which they ex-
hibite : Now though I doubt not, but that the Air in them is very much
rarified,yet that there is fome in them, to fuch as well confider this Expe-
riment of the difappearing of a crack upon the extruding of the Air, 1
fuppofe it will fecm more then probable.

The Seventh and laft therefore that I fthall prove,is, That the gradual
heating and cooling of thefe fo extended bodies dves reduce the parts of the
Clafs to aloofcr and fofier temper.  And this I found by heating them, and
keeping them for a prety while very red hot in a fire 5 for thereby I found
them to grow a little lighter , and the fmall Stems to be very ealfily bro-

kenand fbapt any where , without at all making the drop fly; whereas
H 2 before
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Schem, §.

before they were fo exceeding hard,that they could not be broken with-
out much difficulty 5 and upon their breaking the whole drop would
fly in pieces with very great violence. The Reafon of which laft feems
to be , that the leifurely heating and cooling of the parts doesnot only
waft fome part of the Glafsit felf, but ranges all the parts into abetter
order, and gives cach Particle an opportunity of relaxing its felf, and
confequently neither will the parts hold fo ftrongly together as before,
nor be fo difficult to be broken : The parts now more eafily yielding,
nor will the other partsfly in pieces , becaufe the Earts have no bended
Springs. The relaxation alfo in the temper of hardned Steel, and ham-
mered Metals,by ncaling themin the fire,feemsto proceed from much the
fame caufe. For both by quenching fuddenly fuch Metals as have itri-
fied parts interfpers’d, asSteel has,and by hammering of other kinds that
do not fo much abound with them, asSilver, Brafs, . the partsare put
into and detained in abended pofture , which by the agitation of Heat
are fhaken, and loofened, and fuffered to unbend themfelves,

Obferv. VIII. Of the ﬁe(y SParks ﬂruck ﬁoma F lint or
Steel.

T is avery common Experiment , by ftriking with a Flint againft a
] Steel,to make certain fiery and fhining Sparks to fly out from between
thofe two compreffing Bodies.  About eight yearsfince , upon cafually
reading the Explicationof this odd Phenomenon, by the moft Ingenious
Des Cartes, 1had agreatdefire to be fatisfied , what that Subftance was
that gave fuch a fhining and bright Light : And to that end 1 fpread a
fheet of white Paper,and on it, obferving the place where feveral of thefe
Sparks feemed to vanifh, Ifound certain very fmall, black, but gliftering
Spots of a movable Subftance, each of which examining with my Mifcro-
cope,] found to be a fmall round Globule 5 fome of which, as they looked
prety fmall, fo did they from their Surface yield a very bright and ftrong
refletion on that fide which was next the Light ; and each Iook’d almoft
like a prety bright Iron-Ball, whofe Surface was prety regular, fuchasis
reprefented by the Figure A. In thisIcould perceive the Image of the
Window prety well, or of a Stick, which I moved up and down betwecn
theLightandit. Others I found,which were, as to the bulk of the Ball,
prety regularly round,but the Surface of them,as it was not very fmooth,
but rough,and more irregular, fo was the reflettion from it more faint and
confufed. Such were the Surfaces of B.C.D. and E. Some of thefeI
found cleft or cracked, asC, othersquite broken in two and hollow, as
D. which feemed tobe half the hollow fhell of a Granado, brokenirre-
gularly in pieces. Several others I found of other fhapes; but that
which is reprefented by E, T obferved to be a very big Spark of Fire,
which went out upon one fidc of the Fline thatT ftruck fire withall, to

which
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