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ADVERTISEMEN T.

AS many who attend this courfe may not

have made philofophy a grevious fudy, it
may be fuppofed that many of its ufeful parts will
efcape the memory ; ’tis therefore at the requeft of
thofe 1 have drawn up this fhort Analyfis; by a fhorg
look at which any particular propofition or” experi~

ment will eafily be recolletted.
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Piak el L. D . 8. 0. P H Y,

LECTURE 'L
‘On the general Propertics of Matter.

N hundred and fifty years are fcarce elapfed fince

_ the clouds of prejudice, which had long over-

fpread the world, began to clear up, and men

swere convinced, by cultivating the fciences and attending
to nature, that no fanciful conmjeclures could ever lead
them to the true caules of thofe various phenomena that
anceflantly, and every where, meet the oblerver’s eye
but that the narrow limits of -the human underftanding,
confine the courfe of our relearches to ene fingle path,
namely, that of experiment, or the ufe of a.w*ﬁfy‘é:. Yet in
this (hort period, natural philofophy hath rifen to an high
~ pitch of improvement, and may with truth be (aid to have
made much greater advances towards perfection fince the

experimental method was introduced, than in the many
ages before, B o '
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Becaufe many bodies are reducible t6 water, this ele<
ment has been thought, by many able philofophers, to
be the primary origin of all matter ; and that bodies differ
only as they contain more or lels particles, or pores diffe-
rently difpofed. « We find, indeed, the decompofition of
bodies finite, being unable to carry it beyond a certain
limit; if we attempt to go further, we are always ftopt
by fubftances in which we can produce #s change, which
are incapable of being refolved into others, and which
ftand as fo many _ﬁrm barriers obftrulting our progrefs.
To thefe fubffances we affix therefore, ‘more properly, the
name of principles, or firlt elements, and they are earthy
air, fire, and water,

i

a

The properties that are common to all thefe elements
are, 1ft. Diwifibility, i.e. the particles of each element
are fo fmall that they efcape the fcrutiny of our beft
claffes. A candle will fill a fphere of four miles in dia-
meter with particles of light in a fecond of time. Two
ounces of affa feetida, nicely weizhed, may lie expafed to
the air, and have its particlés carried off by it for a fort-
night together, and yet it will not lofe the thoufandth part
of a crain of its original weight, Eight grains of gold
will cover a wire completely 13,000 yards in length, A
grain of copper diffolved in a jill' of aqua fortis, will cover
as much pol ;[hcd iron with a fine &in of copper as the
aqua fortis will wet : Nzay, Lewenhock difcovered with
his microfcope more living animalculz in the milt of one
cod-fith, than there are men, women, and children on
the whole earth, ;

adly. The matter of which thele elements are formed

is impenetrably hard. 1f we pound the moft brittle fub-

ftance to the molt impalpable powder its orizinal particles
{till remain unhurt,  If water has no bed of air to fall

upon, it will fall upon the glafs in which it Is Incl?}'fd

ke
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like a piece of iron and make a loud click ; 2 column of
air falling on the plate of an air-pump will ‘give a re-
port as loud as a gun.  Nay, elementary fire, fubtil as it
is, f{trikes the bones, in the cleétric fthock, like a folid
body ; and lightning penetrates the hardeft fubftances.
e : R
qdly. Matter is iners, 1. e. can neither move, nor ftop,
of itfelf. - A ball on the whirling-table, neither begins to
move when the table moves, nor ftops when the motion
of the table is ftopped. Give a fudden pufh to a bowl of
water, - and the fluid will fly over the bowl in a contrary
direflion; but if you turn {wiftly round with the bowl in
your hand, and flop fuddenly, the water will fly over
the bowl the way it was going. The inertia increafes as
the quantity of matter. A man lying with a large anvil on
his breaft, will not be hurt when a blackimith ftrikes upon
it with a large hammer, with all his firength ; but if he
had an anvil only a.pound weight upon his breaft, the
firft' ftroke of the blackfmith would killi him. The wis
inertie of the large anvil imakes its refiffance equal to
_ the ftroke of the hammer, fo that the anvil may be, faid
to firike the hammer as forcibly as the hanmimer ftrikes
it ; and hence the difficulty of putting large bodies-in
motion. Thefe are but fmall inftances of thofe three
laws of nature which Sir Ifaac Newton found univerfal,
viz. That matter is perfeftly indifferent. io either reff or
motion. 28ly. That bodies move in proportion to the force
that alts on them. And 3dly. That aélion and re-aclion
are gg;gaf, and contrary.

athly. Matter attrafls,. and is attrafled; P I . |
parts of matter have a tendency towards each other. A
plumb line on the fide of a mountain is drawn out of its
perpendicular by the attraltion of the mountain. Two
cork balls, fwimming on water, run together with an
accelerated motion, and flick together, Water rifes above

1S
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its Tevel again{t the fide of the bowl which holds it; and
alfo in capillary or fmall tubes: And hence the reafon
svhy water rifes in fugar, fand, between glafs planes, up
fpunges, &c, for all thefe may be conceived as made up

of capillary tubes. 'T'wo planes of lead, marble, glafs,.

#ron, &c. thruft clofe together, ftick fo that .exceffive
force alone can feparate them. ’Tis this attradion of
wobfionr that makes all bodies cohere, or maintain any di-
flinét form; and as {ome parts of matter attra& more
forcibly than others, iron comes to be heavier, and more
compact, than wood; gold has more particles in lefs
voom than any other metal ; lead is different from ftone,
becaufe its particles attra& one another more forcibly 5
fo that all that variety which we fee in both mineral,
animal, and vegetable fubftances, arifes from the different
combination of the four elements, the different degree of
attraction in the particles of each, and in the different
difpofition of the pores, or interftices, that are between the
particles of which they are compofed. For the particles
of the heavieft and lighteft. bodies are all of the fame
weight, as may be proved by dropping a piece of gold,
and a feather, down a tall glafs that has no air in it to
refift their paffage. Fire can deftroy this cohelive quality in
bodies, for a time, but makes no alteration in the original
particles of bodies. Itwill infinuate itfelf intogold, and fe-
parate its particles, fo us to make itintoa fluid. Water and
air sre kept in a ftate of fluidity by fire.  Fire increafes the
repulfive qualities of all bodies. Metals fwell with a fmall
deoree of heat, as may be proved by the pyrometer.
All nature is kept in motion by it; even blocks and
ftones fwell by the heat of the day, and contract by the
cold of the night. It gives water fo repulfive a quality
that it flies off in fteam, Air is fo {welled by it, that, to
keep up its equilibrium, it is perpetually agitated by
winds and ftorms. . Fire is the only efential fluid, and
the caufe of fluidity in other bodies, by feparating their
parts, However there feems to be a repullive quality

£0mnon
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common through nature, independently of fire. *Ti:
faid, ¢ where the fphere of attraction ends, repulfien
begins.” The north pole of 2 magnet, at one tenth of
an inch from a fufpended needle, attraéts it; but at five
tenths from it, it repels it. A glals tube rubbed with a
dry hand, will alternately attract and repel feathers, leaf
gold, and other light bodies, A fmall needle will lie on
the furface of water by its repulfion; flies run over it
without wetting their feet, and a drop of oil will be fuf-
tained by its repulfion without ever touching the furface’
of the water. The rays of light are faid to be repelled
from the furface of a looking-glafs, &c. however I doubt

the univerfality of this principle.

sthly. Eleflive attradtion, or the tendency which sne
part of matter has to unite with fome or other particular
part in preference to every other part of matter, forms the
grand bafis of Chemiftry.~——Thus, water ruthes into union
with fpirit, but not with oil.—Acids have the firongeft
affinity to phlogifton and alkali,—Air attraéts water with
greater avidity than falt, fo that frefh water is abforbed by
it from the furface of a falt fea, &c, Of the ele&ive kind
of attraction alfo is that of magnetifm, becaufe it only
attradls irony fteel, and itlelf ; fome hold magnetifm and
electricity as relations, becaufe fteel firuck by lightning, or
a firong fhock of eleétricity, acquires polarity and magnetic
attraction. The loadftone and iron are called male and
female, becaufe of their likenefs, and attrading nothing but
one another. One Magnus, a thepherd, firft difcovered this
wonderful ftone from its fticking to the iron in his fandals,;
and from him it had its name : Its attraction is at two
points, called its poles, and if the ftone was broke into
a thoufand -pieces, each piece would have its attratting
poles : This attraction is ftrongeft in contadt, and dimi-
nifhes by a proportion not yet found out, but that point

of a ftone” which attracts one end of a touched needle,
will
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will repel the other,  Flavius Gio, of Naples, about- 320
years ago, firft difcovered that a piece of fteel rubbed
on it, and then {ufpended, had the property of pointing
north and fouth, and thence applied it to navigation.
An hundred years after it was found by Sebaftion Cabot
to have varied above 11 degrees eaft. It continued to
vary towards the eaft at the rate of about one degree~in
{feven years, till the needle formed an angle with the
meridian of 30 degrees. It then returned towards the
welt at the fame rate, fo that about the year 1600
the line of no variation pafled over England, the needle
pointing then direétly north and fouth: Since that time
it has continued varying towardsthe weft, and with usat
this time the needle is 22 degrees 48 minutes weft. It
is probable it will continue to vary weftward till it makes
an angle with the meridian of 30 degrees, (as it did at
its eaftern extremity) and then return weftward, finithing
its revolution in between goo and rooo years. = A line of
no variation at prefent paffes fouthward near' Madagafcar,
doubles the Cape of Good Hope, {lopes acrofs the At-
lantic, touching Brazil, and ferpentine pafles through
Canada,

The theory of making artificial magnets is derived
from an effluvium (uppofed to flow from one pole of the

ragnet to the other, and wice verfa—the exiftence of
which s made very probable, by fteel filings fcattered
over a plate of window glafs, with a bar magnet under it,
when the efluvium in its paflage from one pole to the
other influences the filings into many parallel and beau-
tiful curves.  T'wo pieces of ftecl, fpring temper, made in
thape of horfe-fhoes, and their ends put together; if
then two bar magnets juft feparated and of oppofite poles,
or an Jorfe-fboe or natural magnet be rubbed over them
all the fame way, polarity and attraction will be com-

municated to the fteel ; but if the two picces be put toge-

ther

& i



28 1

ther, and the two repelling ones together, they attra&
firongly: And hence feveral bars thus united form a
very {trong magnet.—Hang a piece of iron as a conduéfor
between the two poles, and the magnet will long retain
its virtue, particularly if it hangs fo as it can turn north
and fouth.—Lay four fmall bars of fteel touching one
another in a line, lengthwife ; flide one pole of a magnet
from the right hand to the left over them feveral times,
and they will be good magnets : But if then you flide
the fame pole over them from the left hand to the right,
the magnetic virtue will be entirely taken from them.
Fire and ru/? deftroy the power of thefe magnets, and
time will weaken them, if a conduétor of iron or fteel
do not form a magnetic circuit for the effluvium to pafls
through. Torecal the decreafed virtue of a magnet, hang
a large fand bag to the iron adhering to it, and keep every
day increafing the fand.—To give the virtue to a kuife,
draw it over either pole from hilt to point feveral times.

By fire, is underftood a complex idea of fomething red,
fhining, that excites the ﬁrgﬁzrmn of heats and rarcfies ov
expands all known bodies. It is the moft powerful agent
in the decompolfition of bodies. It is the only efeuntial
Jfluid in nature, and the caufe of fluidity in other bodies,
by feparating their parts; hence even air itfelf becomes
folid when deprived of the fire it contains, as bodies of
the moft difficult fufion become fluid when penetrated
by a fufficient quantity of the particles of fire, i/
bodies become hot by the approach of ignited bodies,
and by friGion ; but bodies that contain a fufficient
quantity of phlogifton, enly, are capable of inflamma-
tion. Phlogifton is not fire, but the principal of in-
flammability ; 7. e. when it is combined with various
fubftances in due proportion, it renders them inflamma-
ble. Phlogifton may be feparated from one body, and
given to another ; hence an inflammable body may be

C deprm.d
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deprived of its- inflammability, and a body naturally
not inflammable, may be rendered fo by combining it
with-a {ufficient quantity of phlogifton. When expel-
led from bodies it is not annihilated—it only efcapes
from the burning body into air, which gives proof of
its having acquired it, and is then faid to be phlogifti-
cated ; and hence no inflammation will take place but
in the common air. Combuftion ceafes when the air
furrounding the burning body is filled with phlogifton---
hence a fire is put out by blowing phlegifticated air into it
---but enlivened by a current of frefh: air. All bodies:
eontain more or lels of this wonderful principle---
for all bodies grow hot by violent fri€tion ; friction
may be thercfore faid to be a kind of fire-pump, that
draws latent fire from the adjoining bodies' to the place
where the friCtion is going on, and ftrongly indicates:
that phlogifton may lie in a concrete form in, and be
a conftituent part of all bodies 5 nay, Birgman fays,
100 ounces of charcoal contains g9 ounces of phlogifton,
and but one of earth ; and yet he affirms that phlogi-
fton is the caufe of volatility, as metals deprived of
their phlogifton are heavier as a cales than as a mezal ;.
inflammable air is eight or ten'times lighter than com-
mon air, &c. So little'do we know of fire, that any
attempt at a theory of it muft appear prefomptuous and
premature ; we find however that light, beat; and elec-
tric fluid have fo many qualities in common with phls-
giflon, that hereafter it may probably be found they are
all but modifieations of the fame principle. Rubbing,
or friction, in a/l bodies produce hbeat and eledricity, and:
‘both thefe dilate bedies, help vegetation, germination,
evaporation, motion of the blood, the growth of the fetus,,
and the hatching of eggs, Heat and ele&ricity both re-
duce, and melt metals ; and bodies that receive hear with
difficulty receive eletricity fo, &e. May not the rays of
the fun be diluted phlogifton ?  May not the velocity with

which
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awhich they proceed from the fun prevent their abforption
by the air, in their paffage through it ? and as all bodies
have more or lefs affinity to phlogifton, may not this
.diluted phlogifton be abforbed by various bodies, and lie
in a concrete form in them till called forth from them
by fri¢tion or combuftion? Experiments that favour
this hypothefis are, 1ft. Rays collected in the focus of a
‘burning glafs, produce on opaque bodies the moft intenfe
heat that is producible by the art of man. 2d. Living
vegetables -imbibe phiogifton (as.rutrition) from the air,
.and part with it back again into the air in the act of com-
buftion, boiling, or putrefaction ; (for rotten wood, pu-
4rid fith, ignis fatui; indeed all animal and vegetable
fubftances are luminous while decompounding by putre-
faction )—which is but parting with the inflammable prin-
ciple that was a conftituent part of thele bodies while in
‘health, 3d. Bodies in the alt of delivering philogifton to
:the air, or any other affinitive menftruum are wniverfally
-hat ;—hence the heat of a common fire, where phlogifton
is transferring from the coals to the air, inflamed gun-
powder, &c.—The heat of effervelcent mixtures, fuch as
~diluted vitriolic acid, and iron filings :---Copper and di-
luted nitrous acid :---Iron filings, water, and fulphur :---
Air carrying off phlogifton from the lungs in the aét of
refpiration, and thereby producing animal heat: Pyrites
-and water producing the heat of the bath waters, &c,
which is but the water feizing the vitriolic acid, and
thereby expelling the phlogifton of the acid into the air,
#for a mixture of vitriolic acid and water always produce
an intenfe heat :---The production of fire by the efcape
of phlogifton from phofphorus, pyrophorus, &c. when
-expofed to the air is another inftance :~---and the aftonith-
ing flame arifing from oil of turpentine when a mixture of
vitriolic and nitrous acid is poured upon it, alarms, while
it proves, that air is the natural menftruum of phlogifton,

Cz2 and
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and that inflammation will not take place except in
common air.  4th, A fire-brand expofed in dephlogifti-
cated air blazes out with a vivid flame, while the air
feizes its phlogifton. sth. Metals calcine but partially
in {mall quantities of confined air, thut air is fo foon
faturated with phlogifton ;---a current of air muft pafs
over melting metals or they will not calcine :---Air fo
expofed becomes phlogifticated and diminithed. 6th.
Metals reduced to a calcs by calcination, or by a folution
in acids, part-with their phlogifton during the procefs ;
and a calcs expofed in inflammable air, and heated by the
focus of a burning lens, imbibes or fwallows up the in-
flammable air, and revives into a perfe& metal !---This
extraordinary faét fhews, that metals may as it were be
taken in pieces and put together again—for if the phlo-
gifton that flies off from a calcining metal could be pre-
ferved, and the calcs of that metal be heated in it, the
calcs would feize the phlogifton it had loft, and became
the very fame metal it was before the procefs. Hence
we have reafon to believe that inflammable air is the true
elementary phlogiffon, and that it is this gas in a concrete
ftate in coals, candles, wood, metals, &c. that makes
them inflammable. Phlogifton in an active ftate produces
heat---approaching to a latent ftate, cold. Hence the
evaporation of volatile fpirits ; the mixture of falt and
fnow---and fnow and {pirit of nitre, ferve to concentrate
or deaden the aftion of phlogifton,---and by thefe mix-
tures in cold weather and cold climates, quickfilver has
been frozen into a folid metal,

LECTURE
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THE attraétion of gravitation is the weight of bodies,
or that tendency which matter has towards the
centre: By this power the earth is formed into a denfe
ball, and every thing that lives upon it held faft to
its furface. A body left to the power of this agent falls
about a rood in the firft fecond of time ; three roods in
the fecond fecond ; five in the third ; feven in the fourth,
&c, agrecably to the odd numbers 1, 3, 5,7, 95 11,13,
&c. For the wis inertie of the falling body, added to the
power of gravity in every fucceeding fecond, accelerates it,
as the fquares of the times. = Thus,—at the end of the
4th fecond the body has fallen about 16 roods,---at the
end of the 6th fecond it has defcended 36 roods, &c.
‘T'his is proved by a projected ball falling from an horizon-
tal line one inch in the fame time in which it falls 3, 5, 7,
&c. inches in the fucceeding times ; and by the fufpenfion
of uncqual weights over a pulley. Hence wé find this
power of gravity decreafes as the {quares of the diftances
increafe, (i.e. a ball, which weighs glb. on the earth’s
furface, would weigh only 1lb. at three femi-diameters
of the earth above it,) For itis found that the moon
falls from a tangent to her orbit in this proportion ;
fhewing that fhe is atuated by the fame law that makes
a pebble defcribe a curve when it is thrown from a fling.
For that pebble, if it was projefted with proper force,
and had a vacuum to move through, as the moon has,
would go round the earth for ever as fhe does,

Motion is refilineal 5 1. e. all bodies put in motion by
gne force, endeavour to go off in a firaight line, Hence,
if

L]
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&f a coach in fwift motion be turned fuddenly, it overfets
by endeavouring to go off ftraight: But if a body be im-
prefled by #ws forces, in oblique direGtions, it will obey
neither, but go the diagonal of the fquare. Hencea
ball dropt from the maft head of a fhip, under fwift fail,
falls on the deck as if the fhip was at anchor : And a ball
fhot horizentally from a tall tower, obeys neither the
powder nor its own weight, but comes to the ground
an a curve formed of the two. We fhall in due time fee
that the planets move by this wonderful law.

The momentum of a falling body is as the fquare roat of
its besght. Ex. Hang a pound weight on one end of a
fcale-beam, and if at the other end you let fall a certain
weight from the height of one foot, it will juft lift, or
<ant the pound up.: But if you let the fame weight fall
Ffour feet, on one end of the fcale-beam, it will cant up
awo pounds weight hung at the other. If it falls nine
feet, it will lift up three pounds weight at the other, &c.

Fluids fpout by the fame Jaw, A pipe of the fame
Hore as another, but four times as far below the furface
of the water in aciftern, difcharges twice as much as the
upper one ; if it be fixteen times as far beneath the fur-
face, it will difcharge four times as much as the upper
one, &c. For the velocity with which a fluid fpouts,
at any depth below the furface, is equal to that which a
. body let fall that beight would acquire.

The momentum, or force, of a body, arifes from its
quantity of matter being multiplied into the velocity with
which it moves: Thus, if a battering ram be 1000lb.
weight, and the velocity with which it ftrikes a wall be
2o, then is its momentum 20,000: But a cannon ball
fhall do the fame execution, if its quantity of matter be
a0 more than 1olb, provided it be thrown with a velocity

equal
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équal to 2000, for 10%2000==20,000, fo that the msmentssy
of both are equal. 'This may eafily be proved, by laying
21b. weight upon a fpring; if it throws it one yard, it
will throw rlb. two yards: And 8lb. will be counter-
poifed by 41b. if it be hung on a balance at twice the
diftance from the fulecrum. Hence the force, or power,
of any machine, whether fimple or compound, is eafily
computed ; for when two bodies are fufpended upon any
machine, fo as to act againft one another, if the perpen-
dicular gftent of one body, be to the perpendicular defcent
of the other in the inverfe ratio of their weights, they will
balance one another; and therefore fo much quicker as
the power moves than the weight, fo much is the advan-
tage gained by the machine, and gives this mechanical
anxiom, ¢ That what is gained in power, by any ma-
¢ chine, is loft in time of working it.”  Sir Ifaac New=
ton’s,

All kinds of mechanical engines confift, more or lefs,
of thefe fix powers, viz. the lever, the wheel and axley
the fyflem of pulliesy the inclined plane, the wedge, and the
Sferew,

The lever 1s a bar of wood, or metal, turning upors
a prop, or centre, (commonly called the fulerum) and is
ufed cither to raife weights or overcome refiftances.
‘T'here are three kinds of levers, andin each of them, the
velocity of each point is directly as its diftance from the
prop. When this prop is between the weight and the
power, “tis called a lever of the firfl kind ; and fomuch
as the power is further from the propthan the weight,
fo much 'is the advantage gained by the power over the
weight,  Trom crows, fiffars, pincers, rudders of fbips, &e.
are levers of the firf kind. A lever of the fecond kind, is
when the weight, or refiflance, is between the prgp and
the powrr, as in doors turning on hinges, knives that

turn
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turn on a centre at the point, oars, &c. A lever of the
third kind, is when the power is applied between the.
weight and the prop, as in rearing a ladder againft the
wall; moving our legs and arms by the power of the
mufcles; &c. The bended lever differs in nothing from
one of the firf# #ind, but in form, ’tis like a hammer
drawing a nail. In each of thefe levers, fo much as the
power moves farther, or fhorter than the weight, fo is
the advantage, or difadvantage, of each. The power
of a compound lever is found by multiplying the power of
each into one another.

In the whee! and axle, the advantage of the wheel over
the axle, is as their diameters, i.e. if the wheel be four
times as large as the ax/e, a man may lift four times as
much by it, as by his own ftrength, allowing for friétion.
‘This power is the principal part of a common crane.

Upper pullies that are fixed, only ferve to change the
direction of the power, and give no mechanical advan-
tage thereto: But the under block of pullies, moving
with the weight, give an advantage proportionate to the
number of ropes, by which the weight is fuftained ; and
which may be eftimated alfo by fo much as the power
moves falter than the weight, A running pulley doubles
whatever advantage was gained by the other parts of a
machine before it was applied, always allowing for fric«
tion, which in pullies is very great,

The wedge feparates heavy, or cohering bodies, with
a force proportioned, as the thicknefs of its back is to the
length 3 i.e. if its back be one foot, and the length twelve
feet; then may the momentum of the firoke which moves
the wedge be one twelfth only of the weight; or coher-
ing force, of the parts to be feparated.

The
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The inclired plane is half a wedge, and therefore its
power is, as its length is to its beight 3 i.e. 1 fhall rolf
a cylinder up an inclined road of twenty yards in length,
and but one yard perpendicular height, with one twentieth
part of the force that would be neceffary to lift it perpen-
dicularly that yard.

The feretv may be confidered as an inclined plane
wrapt round a cylinder ; therefore as the power moves
round the eylinder; while the weight rifes; the power has
an advantdge over the weight, as the length of one thread
round the cylinder, is to the diftance of one thread from
another ; or as the velocity of the power is to the velo-
city of the weight:

In a commin jack we have 3ll thefe powers together, if
to an arm of the fly the power be applied ; and fo far as
that power moves farther than the weight, fo much is the
advantage which the power has over the weight,

If mdchines could be made to move without fii&ion,
the leaft degree of power added to that which balances the
weight would be fufficient to raife it ; But as the {fmooth-
eft bodies are full of pores, and little eminences, thefe will
lock into one another in rubbing bodies, and greatdy re-
tard the motion of a machine. T he fricion in the lever,
and in the wheel and axie, is very fmall: In pallies it is
very confiderable : But in the inclined plane, the wedge,
and the ferew, it is very great. 'The allowance made for
frition in machines confifting of feveral of the mechanic
powers, is ufually one third ; 1. e. after calculating all the
fingle powers as above, and multiplying thefe into one
another, trom the laft product [ deduét one third of it,
and the remainder is the true momentum or force of the
machine. Friftion is of two kinds: The rubbing fric-
tion, and the friction by contaét ; the rubbing of the locked

D wheel
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wheel of a coach againit the road may reprefent the fir/? 5 .
and the manner of its touching the road in its ufual mo-
tion the fecond. When' the fir? kind of fri¢tion can be
reduced to the fecond, there is a manifeft advantage given
to the power of the machine, as is demonftrated by the
experiments with the friction wheels. Thefe wheels are
hung fo that their peripheries form an angle, in which
the gudgeon of the heavy wheel turns. Fater wheels,
large grinding floncs, and even wheel carriages, are hung
m this way at a {mall expence ; but being apt to wear
out very faft, they are better fitted to fmall weights, mov-
ing with great velocity, And hence the friction balls
in wheel carriages; cranes, &c. become foon ufelefs. A
narrow rubbing furface has much the advantage over a
broad one, though' they each fuftain the fame weight,
becaule: of fewer points and pores being in contadt;
hence the fimaller the gudpeon or axle of a- wheel the
better, if it has but firength to fupport the weight.
The friction: in water that carries an under-fhot mill, is’
much taken off by a floping pedal ; the velocity of the
float-boards of the wheel ought to be one third of the
velocity of the water ; the number of ftaves in the trun-
dle, ought to be no even part of the number cf coggs in
the wheel that turns it; and the grinding ftone fhould:
not make above 60 revolutions in a minute,

Befides the mechanic powers, and various: inltruments to-
explain friction, mementum, falling bodies, &c. the ma-
chines ufed to illuftrate this leCture are, 1{t, A moveable
crane. 2d. A mill to faw marble. 3d. Ditto to faw
timber, 4th. A common pile-driver. gth. Voulou’s
pile-driver. 6th. The equable moving wind-mill, that
cloaths, uncloaths, and turns itfelf to the wind. 7th,
Drill-ploughs.  8th. Ventilators. gth. Wheel carriages.
1oth, Methods ufed in moving the great ftone on which

the ftatue of Peter the Great is erected in Peterfburg.
p1th,.
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g1th. A compleat fortification. 12th. Boulton, Blakey,
Smeaton’s and the common five or fteam engines.  13th.
Water engines of all denominations, viz. common
pumps, forcing pumps, rope pump, Archimedes’s fcrew
pump ; bucket engines, machines for draining, embank-
i:ﬂg} &c.

A R ol e | SIS VR B
PRINCIPLES of CHEMISTRY,

LL bodies exifting on the earth may be arranged

under three heads, viz. the animal, wvegetable, and
mineral kingdoms,  The firft comprehends all bodies
endowed with life and felf-motion. The fecond, thofe
which have life only, the power of growing, and propa-
gating their fpecies. The third, all bodies deftitute of
life and felf-motion. Bodijes are allo confidered as fimple
or compound.---Simple bodies are fuch as cannot be re-
folved into any thing more fimple, fuch as pure earth,
puré water, &c. Compound bodies confilt of two or
more of the primary elements, fuch as an animal bedy,
for earthy particles and various fluids form its compoli-
tion. That branch of philofophy which examines the
properties of thefe bodies, by coempounding or decom-
pounding them, is called cHEMISTRY.---A branch fo
cxtenfive and important, that the f{uftenance of life---
the arts and fciences---various manufaltories---nay, even
trade and commerce depend upon 2 continual compofition
and decompofition of natural bodies,

SOLUTION is apropertyof fluids, whereby they im-
bibe (or incorporate themfelves with) /fo/ids, by feparating
their parts.--"T'he fea is a folution of falt in frefh water. Ink
#s a folution of vitriol and galls in water,  Diluted nitrous

D g acid
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acid diffolves copper; when the ebullition is over, the
liquor will be a folution of copper. Diluted vitriolic acid
in like manner gives a folution of iron. Quickfilver dif-
folves lead, tin, &c. Gold diffolved in aqua regia is a
folution of gold, &c. and camphor in like manner is dif-
folved in {pirit of wine, &ec.---Solutions in water, fpirits,
acids, air, &c. are tranfparent---but mixtures are muddy
or opaque. '

DISTILLATION isthe application of heat to {epa-
rate fluidand volatile parts from bodies ; and to colleét them
in other veflels by means of cold, Heat expands all bodies,
and puts their particles into a repulfive ftate ; ‘when this
application becomes more powerful than the cohefion of
the body, a decompofition takes place.. Sea water put
in a retort, and expofed to the fire, the water foon rifes
in the character of {team---this fteam pafling through a
cold pipe is condenfed, and brought back iagain into
water, but frefh, and the falts being lefs volatile, remain

at the bottom of the retort, Liquors that have gone
through a ftate of vinous fermentation, are difpofed to

part with {pirit---and {fpirit rifing in fteam with lefs de-
gree of heat than water, a feparation of the two is eafily
effefted in a ftill, by tempering the hre,—~hence the
fteam of the fpirit pafling through a long fpiral pipe
(immerfed in cold water) is condenfed :--=when the fpirit
is all come over, the water begins to rife in fteam, and
may be received in a feparate veflel---the earthy and
and colouring particles of the wine will at laft bf: found
dry at the bottom of the ftill,

SUBLIMATION isbut adiftillation of dry fubftan-

ces. Swlphur expofled ina fubliming veflel, is melted with a
very gentle heat, and rifes in fteam, forming flowers of ful-
phur on the fides and top of the veffel, and. is' but the

“ fame {ulphur that was melted, Gum benzoin melted withia
a tall
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a tall recciver, with a fprig of rofemary in it, rifes and
forms an hoar-froft appearance on the leaves of the
rolemary.— Phofphorus juft covered with water, in a Flo-
rence flafk expofed over a lamp, fublimes into the appear-
ances of ftars, and the aurora borealis. It rifes with
the fteam of the water, and ftruggling to obtain the air,
its menftruum forms beautiful corufcations in the flafk,
particularly when feparated from the lamp, and expofed
~in the dark,

PRECIPITATION is performed in fluid matters
only---it is a difuniting of two or more ingredients by the
addition of another, which by its greater affinity, unites
with one of the ingredients, and feparates the others from
it, and by which they generally fall to the bottom of the
liquor. Copper diffolved in diluted nitrous acid, is pre-
cipitated by iron---much of the diflolved copper becomes
revived by the phlogifton of the iron, and form a fKin of
copper on the iron ; the reft falls to the bottom of the
liquor precipitated, &c. &c, :

SATURATION fignifies the point at which the
attractive and diffolving power of any menftruum ftops,
when filled with the matter it is to diflolve.—Solutions
of falt or fugar in water; of fulphur in oil of turpentine ;
camphor in fpirit of wine ; filver in aqua fortis ; water in
air, &c. are tranfparent till fully faturated ; if more be
added, they fink, in their natural form, to the bottom,
undiffolved, and the menflruum is faid to be fully fatu-
rated. If water, fpirits, oil, &c. be evaporated from the
matter with which they are faturated, the matter aflumes
its natural form ; --- common {2lt will aflume a cubical
form ; falt-petre the form of a prifm, &c. &c. adhering
io the bottom and fides of the centaining veflel,

AFE I
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AFFINITY. This term is of great extent in
chemiftry, and fignifies the tendency wiich the conflituent
parts of bodies have to unite readily with sOME fubflances in
preference to others.  Water and vinegar have affinity,
becaufe they are eafily mixed together, Water and oil
have no affinity becaule they will not mix, but fhew a
kind of repulfion to one another. If a mixture, A and B,
have a third matter, C, added to them, to which A has
a greater attraction or affinity than to B, then will A let
go B, and join in union with C, and B is precipitated.
Ex. ift. Solution of fublimate mixt with oil of tartar,
produces an orange coagulum ; an acid (as the fpirit of
nitre ) added, feizes the oil of tartar, (as an alkali, to
which it has a ftrong affinity) the colour is difcharged,
and the liquor becomes pelucid. 2d. Solution of blue
vitriol mixt with {pirit of {al ammoniac, prodiices a blue-
coloured alkaline liquor. T he hitrous acid, added, feizes
the fal ammoniac as an alkali, difcharges the colour, and
the liquor becomes acid ; if then an alkali be made pre-
dominant (as oil of tartar) the fine blue is again reftored,
3d. Acid folutions are detecled by (yrup of violets, which
turns them red : byt the fame fyrup turns an alkaline
folution green. Hence red or blue flowers fteeped in
acid water, impart their colouring particles to the water,
which becomes red : oil of tartar added, turns it green,
4th. Salts inftantaneoufly chryftalize when fpirit of wine
is added to their folution in water,---becaufe {pirit and
water have a greater aflinity to one another than falt and
water.,  sth. Inflammable air is not inflammable of itfelf,
any more than fixt air is effervelcent ;' but it is a confti-
tuent part of a compound, which being let loofe, caufes
by its flight the phznomenon of inflammation. Hence
phofphorus (as a mine of phlogifton) when rubbed be-
tween the folds of brown paper to increafe its [imface,
takes fire, fo foon as it becomes opened out to the air,
Oth, T'wo thirds of nitrous acid and one third vitriolic

acid
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aid mixed, and then poured on the oil of turpentine;
produces inftant and tremendous inflammation !  sth,
Ether dropt on water produces ice. 8th. Cales’s are
revived, if while they are in fufion, inflammable air be
blown upon them. gth. Equal quantities of regulus of
cobalt diflclved in diluted nitrous acid, and fea falt diflolved
in water, make an ink that comes and goes with heat and
moifture. roth. Invifible writing, with a folution of fu-
gar of lead, is rendered black by a folution of liver of
fulphur, both in water. This phlogiftic effet will take
place through a thick book, or even a ftone wall. 11th.
Hemberg’s pyrophorus requires one part fugar and three
parts allum, to be melted, flirred, and dried on an iron
fhovel till it becomes a blackifth coal ; then bruife it into
powder, and put it into a long-necked bottle, and the
bottle into a crucible filled with dry fand ; then place the
crucible in a gradual fire, till the whole becomes red hot,
and keep it fo an hour, or till 2 weak fulphurous flame

Bas ifflued out of the bottle’s neck a quarter of an hour;
remove it by degrees, and cork up the bottle as foon as

it will not burn it, or decant the pyrophorus into a dry
bottle, well ftopped from air. A little of this powdbr ex-
pofed to meift air on brown paper, inftantly takes fire.
rzth. Vitriolic acid contains much phlogifton, diluted
with water, it becomes difpofed to part with it to the air,
which decompofition always produces heat. Hence iron
pyrites lying in water produces heat, and becomes ink
with an infufion of galls ; rain water running over quar-
ries of fuch pyrites above Bath, acquire the heat for which
thofe waters are fo celebrated. 13th, Vegetables contain
much nitre ; the water therefore in which potatoes, fpi-
nage, &c. are boiled diffolves the nitre, and hence brown
paper foaked in fuch water, becomes excellent match when
cut in flips and dried. 14th, Silver diffolved in diluted

aitrous acid, (or luna cornea) is precipitated by copper ;
for
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for the acid has a greater affinity to copper than filvery
therefore the filver precipitates, and form thofe beautiful
ramnifications called the arbor Diana.

ACIDS are both in a liquid and conetete form, have
a four tafte, and they eftervefce with alkalies, Fitriolic
acid is fluid, tranfparent, colourlels, and without {mell;
like water, but much heavier: It is got generally from
fulphur, by diftillation with watery to which it has great
affinity.— Nitrous acid is of a browri colour, ‘emits brown
vapours, has a pungent fmell, readily diffolves moft me-
tals, and is extradted by diftillation from nitre or falt-
petre, moifltened with vitriolic acid. It attacks the
phlogifton of metals, and has the greateft affinity to it,
Marine acid is extraGed from common falt, it is of 2
yellow colour, and fmells like faffron.

ALKALIES are faline bodies that combine rea-
dily with acids ; in a concrete form they attra& moifture
from the air, and become fluid ; they have an acid burn-
ing tafte; fule with a moderate heat; diffolving earths
with a ftrong heat, become glals, &c. Fixt mineral altali
is obtained from' fea falt ; fixt vegetable alkali from vege- |
tables, both ftanding a great heat without difipation.
Volatile alkali is obtained from animal fubftances, by de-
compofition and putrefadtion, and flies off with a fma//
degree of heat ; hartthorn drops are of this kind. Alkaline
falts combined with oils form foap, &c.

SALTS are every thing with a fharp tafte, and
foluble in water. Sea falt, or kitchen falt, is a combina-
tion of marine acid and mineral alkali,, Luna cornea is
a falt formed by the union of filver and acid.  Verdigrif,
falts formed by the folution of copper in vinegar., Amms-
niacal falts, are an acid faturated with wvolatile alkali.
Supar, an effential falt, containing veget«ble acid combin-

ed
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ed with earth and oil.  Pofafh, a fixt vegetable alkali
extralted from the afthes of vegetables.  Nitrous falts
are found in old walls, or places impregnated with ani-
mal and vegetable juices---they are neutral, and produced
nitrous acid and fixt vegetable alkali.

MET ALS. Perfes2 metals, or thofe that cannot be
decompounded, are gold, platina, and filver. JImperfoc?
metals, are copper, iron, tin, and lead, which in fire, or
ftrong menftruums lofe their metalline properties, become
an earth, or calcs ; but are revivable back to their ori-
ginal metals by phlogifton ; hence imperfeét metals are
wholly compofed of earthy matters and phlogifton. Pure
metals are always found in their metallic form ; but the
imperfe&t metals in the form of calcs’s or ores ; thele
placed in a firong fire acquire from the combuftibles phlo-
gifton enough to become metals, and are then combuiti-
ble themfelves in a ftrong fire : Sparks produced by the
ftroke of flint and fteel, are but particles of fteel fet on
fire by the violence of the firoke. Gold is unalterable by
art, is the heavieft of all known bodies, expands fo, that
a grain may be beat into a leaf of fifty fquare inches, and
~ a gold wire one tenth of an inch in diameter, will fufpend
or fupport 5o0lb, weight without breaking, Reduced
into fine powder, it is eafily attacked by acids, but its me-
tallic nature is in no refpect altered. Gold diffolved by
aqua regia, and then precipitated by volatile alkali, and
then wafhed and fuffered to dry, explodes by a [mall
degree of heat, with a quicknefs and violence far exceed-
ing gunpowder. Ether poured on a folution of gold in
aqua regia, and the mixture fhook—the gold will leave the
aqua regia and pafs into the ether. Gold will continue
months in a hot fire without lofing any weight. Platina.
This metal is found in fmall, angular, fhining grains in
the gold mines of South America; itis near as heavy as
gold. It diffolves in aqua regia, but bids defiance to i'nr;—
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ple acids, or any fire, exceptthat of a large burning glafs.
Stlver is the third unalterable metal —it fufes in a {mall-
heat ; is nearly as duétile as gold ; a wire of it one tenth
of an inch diameter will fuftain 27¢1b. - It affumes a black
appearance when expofed to phlogiftic vapours, for it is
capable of over-faturating itfelf with the inflammable prin-
ciple. Nirrous acid diffolves filver more compleatly than
any other acid. Copper, tho’ an imperfet metal, comes
near to filver in point of duétility, A wire, as above, fup-
ports 2gglb. Moift air tarnifhes, and even calcines it;
this ruft, or calx, is verdigrife. Acids, alkalies, faline
matters, and oils, more or lefs diffolve copper, and the
folution is of a green colour, and 'pnil'mmus, hence culi-
nary veflels of copper fhould be kept well tinned. A
folution of copper in volatile alkali is blue when expoled
to the air, but lofes the colour when corked up ; opened,
it again becomes blue, &c.—So water impregnated with
too little copper to be difcovered, turns blue with a
few drops of volatile alkali. Copper is moftly found
combined with fulphur in mines ; and is eafily feparated
from other metals by fulphur. It requires a ftrong heat
to melt it, emits pernicious fumes, and burns with 2 green
or blue flame, It eafily combines with other metallic fub-
ftances---with zink it becomes érafs---with tin, lronze,
or bell metal, &c. Iron is the moft ufeful, the hardeft,
moft elaftic, and, except tin, the lighteft of all metals,
Such a wire as above, fupports 450lb. As an ore, ora
calx, itis not attracted by the magnet---but when phlo-
gifticated by roafting in the fire, it is attracted. It is
eafily deprived of phlogifton, by the calcs of other metals,
water, moift air, acids, fire, &c. and becomes ruft, or
crocus martis. Irem, joined by fubftances that abound
with phlogifton, in a firong fire, without the free accefs
of air, becomes flec/; and fleel made red hot, and iud-
denly cooled in water or oil, becomes {o hard, tempered,
and brittle, that edge-tools, files, &c, are made of it.

In
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In the a& of heating it changes colour, and hence many
fteel ornaments are made blue. Iron has great affinity
with fulphur, and its fufion is fo much facilitated by it,
that if iron in white heat, be rubbed with fulphur, it falls
in liquid drops united with the fulphur ; and if 60lb. of
iron filings and fulphur, made into a pafte with water, be
buried a few inches under ground, it will fwell, grow hot,
emit vapours and flame, and fhake the ground about it
like an earth-quake. Iron may be allayed with any metal
except quickfilver and lead. Tin is the lighteft, lealt
elaftic, or fonorous of any metal. A wire as above,
fupports solb. All acids diffolve and deprive it of its
phlogifton. It melts with lefs heat than will make it red
hot, and calcines into a grey powder called putty, (ufed
in pollithing metals, glafs, &c.) It allays with all metals,
gives them brittlenefs ; and its vapours impair the duc-
tility of all metals. It amalgamates with quickfilver, and
is then ufed to cover looking-glafies : compounded with
lead it forms the folder of the plumbers.---Lead is ill
fofter than tin; a wire as above only fuftains 29lb.
Acids of all forts diffolve it—fumes of vinegar ruft it into
qubite-lead. Cales of lead is made into wafers; boiled
in linfeed oil, it becomes the drying-s:l of the painters,
Lecad kept in a ftate of fufion, with a current of air paf-
fing over it, foon lofes its phlogifton, and becomes cal-
cined, and is then called »ed-lead : a {tronger heat vitrifies
this calx into Zitharge : and a ftill ftronger heat, reduces
it into glafs of lead, which will run through the crucible
like water through a fieve., This glafs facilitates the
calcination of imperfedt metals, and is therefore ufed to
purify the perfelt metals.  Mercury, ox quickfilver, is
like fluid filver, opaque and very heavy, By great cold
it can be made folid, and maliable as lead. It rifes in
vapour by a fmall degree of heat, and when thefe vapours
are collected, they are found the very fame quickfilver.
Hence it is Cﬁ'ﬁl} diftilled, and by that mcans ealily fepa-
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rated from lead, tin, &c. Acids and alkalies combing
with mercury. Vapours of mercury and marine acid
meeting, form chryftals like flattened needles, called
corrofive fublimate. Mercury fhook in vinegar, exhibits
a curious phznomenon ; and it is luminous when fhook
in vacuo, Quickfilver triturated with fulphur, forms
Ethiops mineral ; and this frequently fublimed, becomes
cinnabar---or the vermilion of the painters. Cinnabar
is alfo found a native in the mines, and may be confidered
as the ore of quickfilver. |

E AR FH S

Earths make up the folid part of our globe ; they are fg
intermixed, that it is difficult to come at their compo-
nents, ﬁhlﬂh are, 1ft. Calcareous earths, i. e. lime-{tone,
chalk, ftalactites, or ftone icicles, marbles, or any earths
that effcrve{'ce with acids; that fall in white powder when
burnt; that will' not melt into glafs by heat; but will
melt when mixed with borax, or cales’s, and affift the
fufion of lead, copper, and iron. Siliceous earths, or pre-
cious ftones, as the diamend, ruby, topaz, opal, agate,
cornelian, flint, jafper. Many of thefe firike fire with,
and even fcratch fteel ;—do not melt with the ftrongeit
fire; and do not efferveflce with acids,  Argillaceous
earths, or clays that harden in the fire, and ufed to make
porcelain ; and clay marles, that moulder in water, and
cffervefce with acids, ufed as manure, Micaceous ecarths
are compofed of thin leaves, or lamina, with fhining fur-
faces, and which divide into thinner leaves in the fire,
and be::;gme.z pittle,  A/beftus earths. Thefe do not alter
in the fire ; areflexible and firingy, capable of being {pun
into threads, or wove into cloth.,  Zeslites are iurd—.:r
than calcareous ftones ; meit eafily in the fire, with fwel-
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fing and ebullition; and diflolve with acids without
- effervelcence.

g EENT AU i RuEx IV,
PN B el 8 8.

HE air is a thin fluid, which encompaffes the globe

of the earth on all fides, revolves along with it
round its axis, and attends it on its annual journey round
the fun. If a peach be fuppofed to reprefent the earth,
the air will be aptly fignified by the down growing on its
{urface. |

This body of air, together with the clouds and vapours
that float in it, are called the atmofphere ; and it reaches
about forty-five miles above the ground before it dege-
nerates into too thin an @ther for any creature to breathe;
this is known by meafuring with a barometer the weight
of the atmofphere in a low valley, and on a mountain,
and may be familiarized by fuppofing a thoufapd fleeces
of wool one piled above another, where the loweft will
be greatly comprefled or fqueezed together, the next
not fo much, the next not fo much as that, &c. till
we come to the uppermoft, which will lie in its natural
loofe ftate. The air, by being elaftic, and partaking
of the earth’s attraction, is neccilarily drawn into a pro-
greflive ftate like this,

The air is fo fubtil that it pervades the pores of all
bodies, and enters into the compofition of moft animal
and vegetable fubftances; yet it is a body, becaufe it
excludes all other bodies from the place it pofiefles, if
fo confined that it cannot efcape; hence the origin of
 the diver’s bell, for if we fink a bell in water with the
- mouth
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mouth open downwards, little water will make its way
into it, and a perfon may defcend and live a confidera=
ble depth, if a veflel of the fame kind be kept conftantly
fupplying him with frefh air, and that made noxious by
his breathing be let out by a pipe reaching from the
upper part of the bell above the furface of the water.

The air has all the properties by which a fluid is
diftinguifhed, it yields to the flighteft impreflion, its
parts move eafily among one another, and animals
breathe and move through it without any difficulty,
Yet it has three fingularities which diftinguifh it from
moft fluids. 1. It can be comprefled into a lefs fpace
than it naturally poflefles. 2. It can occupy a greater
fpace than it naturally pofleflfes. 3. It is of different
denfity in every part upward.

As the air is a body, it muft needs have sweight ; this
is proved, 1. By its prefling the hand that covers the
top of an exhaufted receiver. 2, By immerfing the ftem
of 2 bolt-head into a veflel of water, and covering both
with a receiver, then exhaufting the gir out of both; on
letting in the air on the furface of the water it forces it
into the exhaufted bolt-head, 3. A bottle that holds a
wine quart being emptied of air, and weighed, is found
‘to be about 17 grains lighter than when it is full of air ;
fo that a quart of air on the earth’s furface is 17 grains,
4. If a wet bladder be tied over the top of an open re-
ceiver, then fet to dry, and after this the air exhaufted
from under it, the air’s weight will then barft the
bladder with a furprifing report. 5. On a moveable
plate place a tail receiver, opzn its cﬂck,'qnd exhauft
the air out of it,  then fhut the cock, and immerfe
the flem in which it is fixed into a veflel full of
water 3 on opening the cock the air’s preflure on
the water. will force it into the receiver im a beau--

tiful



Wi ]

tiful fountain. 6. If a hole be made in the bot-
tom of a cup, and have a bit of dry huzel or willow
branch fixed into it, and this be put into a hole on the
top of a receiver ; when quickfilver is poured into ir,
and the air exhaufted, the quickfilver will be forced
thro’ the pores of the branch by the weight of the in-
cumbent air, and will fall in a curious thower into the
receiver, 7. If a tube of 32 inches long, and open only
at one end, be filled with quickfilver, and then the
open end immerfed in a jar of quickfilver, that in the
tube will fink to the height the quickfilver ftands in the
barometer 3 if this jar and tube be put under a tall re-
ceiver, and the air exhaufted, the quickfilver will de-
fcend out of the tube into the jar; but upon admitting
the air again into the receiver, its preflure will drive
up the quickfilver into the tube, and fupport it therein
as is ftands in the barometer, which proves that the
quickfilver in the barometer is kept up folely by the
weight of the air. 8. If the air be exhaufted out of
two brafs hemifpheres of about 12 inches area, it will
require a force equal to 180 pounds to feparate them.

To prove that thefe effe@s are not produced by Suc=
tion, and that there is no fuch principle in nature, 1. Place
a fmall receiver at fome diftance from the hole in the
pump-plate, and cover it with a large one ower the hole ;
on exhaufting the air the fmall one will remain loofe,
while the large one is made faft to the plate; buton
letting in the air the big receiver will be releafed, and
the fmall one prefled down. 2. If a pump be placed in
water under a receiver, and the air exhaufted, no water
can be made to rife in the pump., 3. If two moveable
plates be fixed upon a pump-plate, with communications
between them that can be ftopped by cocks, if the air
i1s exhaufted out of a receiver placed on one of them,
and then a receiver placed on the other, and the com=

munication
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munication opeiied, half the air in the laft will by its
fpring make its way into the firft receiver, and both
{hall be fixed to the plates.

Breathing is in fome meafuyre performed by the power
of the intercoftal mufcles a&ing upon the ribs ; they
are difpofed in form of a femicircular arch, and articu-
lated with the vertebrz of the back behind, and con-
neited with the fternum before, which are the two
centres on which they move: The diaphragma is a par-
tition drawn acrofs the body, dividing the thorax or
chefl from the abdomen or belly; it is a mufcle, and
by its difpofition and ftrulture capable of expanfion,
whereby it becomes concave downward, and of attrace
tion, whereby it becomes flat ; and by this motion
alternately rarefying and condenfing the air in the
crevices of the thorax, and thereby deftroying its equi-
librium 5 to reftore this the air will prefs into the lungs,
and when the diaphragma contraéts, will be forced out
arain; hence the a&ion of breathing, as is reprefented
by the lungs-bladder, whofe infide has a communica-
tion with th> cxternal air, though it is inclofed in a
thorax of glals with its bottom clofed by a bladder, tied
flaccid, reprefenting the diaphragma,

The elaflic quality, or fpring, of the air is thus proved,
1. If an almoft empty bladder be put under a receiver,
and the air exhaufted, the {pring of the air in the bladder
will then fhew itfelf by fwelling up the bladder, asif it
was blown, 2, If alittle of the fhell be cut off from
the fmall end of an egg, and the egg put under a re-
ceiver, on exhaulting, the bubble of air in the big end
of the egz will expand itfelf, and drive out the contents
of the egg. 3. If a fith in water be put under a re-
ceiver, and the air exhaufted, its air-bladder will fwell
the fith fo as to make it fpecifically lighter than water,

and
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and of courfe the fith will be buoy’d-up to the furface.
4. If a cubic inch of dry wood in warm water be put
under the receiver, and the air exhaufted, large and innu-
merable bubbles of aiy will come out of the wood and
make the water feem to boil ; and in this manner may
air be drawn vifibly out of the hardeft bodies. 5. A
withered apple in an exhaufted receiver will be plumped
up, and lock quite freth, by the fpring of the air in the
infide of it; and if a frefh one be pricked all over with a
bodkin, and put in water under a receiver, on exhaufting,
it will appear as if it was roafting by a fire. 6. If a tal]
receiver be exhaufted, and the neck of the vefel joined to
its bottom be half full of water, the {pring of the air on
the {urface of that water will force it out into the receiver
in a beautiful fountain. 7. If a little air be tied up
in a bladder, and put in a convenient vefle] with great
weights upon it, on exhaufting the air, the fpring of the
air in the bladder will lift the weights, and {hew that its
fpring is egually forcible with its preflure; therefore,
though a middle-fized man fuftains above 30,000lb.
weight on his perfon, yet the equal fpring of the air
within him makes him infenfible of it.

Heat and cold, or, if you will, the prelence or the
abfence of fire, are the ufual caules of the air’s rare-
faction and condenfation : If air be beated, it fwells, fo
that the {pace it pofiefled before it was heated will contain
fewer particles than it did in its cold ftate. /7ind muit
be the neceflary confequence of this ; for by what means
{oever the equilibrium of the air is deftroyed, its neigh-
bouring p.rts will never be at reft till the balance is re-
ftored : Hence the reafon why air rulhes fo violently into
a glafs-houle ; into a clofe room with a great fire in it ;
into warm towns, &'¢. When the fun’s heat is increafed
by the reflection of fands, or the fides of rocky moun-
tains, &, the air will be ravefied, and by the ruihing in

D of
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of the colder neighbouring air, will be forced up into the
bigher part of the atmofphere, as light fmoke is up a
chimney by the heavier air. If a large cloud keeps the
fun’s rays from the a/r under it, but rarcfies zhat all
round’it, a wind will rufh from beneath the cloud in all
directions. Upon this principle alfo we account for the
irade winds which conftantly blow from the calt to the
welt about the equator ; for as the fun pafles over the
earth in that direflion, and rarefies the air as he goes,
the colder air will ruth after him and caule the #rade
winds, if they are not diverted by valcanss, burning fands,
mountains, &c. Hence allo the monfoons ; the day and
night brecze, on the iflands in the Weflt-Indies; the
wind from weft to eaft on the coaft of Guinea ; and the
currents of Florida, Gibraltar, &7,

*Tis unneceflary to point out here how admirably
thefe properties coincide with the general fcheme of thg
creation,

L E 2% Gl SR u i itk

PN T T [NG 18

H AT the air may be condenfed or fqueezed inta

lefs room than it mnaturally poffefles is proved,

1. By putting a blown bladder in a receiver ; if a forcing
fyringe be then applied to the receiver, and a quantity of
air forced into it, the bladder will be fhrivel’d up by the
fuperior prefiure of the condenfed air. 2. If a copper ball
be half filled with water, and a qu:mt:t}f of air forced into
it as above, through a {pouting pipe that goes near the
bottom of the water, the fpring of the condenfed air on
the {urface of the water will exhibit an amazing fountain,
3. The moft formidable inftance of condenfion is in the
magazine,
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magazine, and walking-cane wind-guns; where the
condenfed air has a fpring capable of :Irﬁ:hargmg 20
or 3o balls with one charge, one after another, with the
fame force as if charged with gunpowder.

By compounding certain bodies, an aftonithing quantity
of air will become’ fixt or concreted in the pores of the
new body ; of this kind are the grains of gunpowder, to
which if fire be applied, the air will inftantly re-affume its
claftic form, and its fudden {well being refifted by the
adjoining air, will caule an explofion: For this realon
gunpowder fired in vacuo makes no explofion,

Sound is caufed by any thing that gives a fmart ftroke
or a tremulous motion to the air; thefe waves firiking
upon the outward fhell of the ear, are from thence con-
veyed up the auditory tube, and firiking again{t the tym-
panum, or drum, are fo increafed, that in making their
way up the labyrinth, it gives a {liock to the auditory
nerves, and, by their means, is conveyed to the foul the
idea of hearing, or found. ‘['he artificial ear mhkes this
very evident. And the clock ftriking in vacuo without
being heard, is a proof of air being a conduétor of found,
Mufical firings, in fenfion, ftruck by a bow, a finger,
the wind, &c. will divide themfelves intc imaginary frets,
or bridges, viz. into halves, thirds, fourths, &c a bridee,
either real or imaginary, dividing a flring into tews equal
lengths, each (wibrating according to thar weigit) will
be an offave to the whole ftring, as half will vibrate
twice as falt as the whole ; and hence every fecond wave
unites with the firlt of the whole firing, and gives a pleal-
ing fenfation to the ear.—A ftring divided into three equal
parts, each will vibrate three times while the whole ftring
vibrates once ; hence every third wave coming in contact
produces a pleafing fenfation, and the chord is called a
Twelfth,. Two thirds of this ftring vibrates three times

- ¥ 2 while



(801

while the whole ftring vibrates fwice, and gives that fweet
chord called a Fifth. Seven ninths of a firing produce
the major Third: and three fourths the Fourth., Hence
waves clafhing againft one another without contack,
produce difchords in mufic, and ferve as foils or reliefs
to the counterpoint of according waves. Hence alfo
the mechanical fympathy of mufical inftruments tuned
in unifon ; one of which will found when the other does,
by the waves it produces. An harpfichord replies to
every word fpoken in the room where it ftands. Parti-
cular notes in an organ will fhake the wainfcot, fet dogs
a howling. Hence alfo the various founds produced by
the Eolian harp, when tuned unifon, and expofed to a
current of wind—the ftrings divide themlelves into ima-
ginary bridges, and produce oilaves, fifths, thirds, twelfibs,
fifteenths, &e.  The mafterly performer on the violin
aflifts this propenfity, by touching lightly thofe aliquot
parts of a {tring where nature would make this imaginary
bridge, and hence are produced thofe notes called har-
FIGNICT.

YWhen the atmofphere is light, the noxious air pent
up in the cavities of mines (communicating with the out-
ward air) will, by its effort to reftore an equilibrium,
fwell into the mine, and hence the f{uffocating damp
which is met with in mines when the barometer is low.
This damp is made on the air-pump by letting air into
an exhaufted receiver, through the flame of charcoal,
fulphur, flame of 2 candle, &c. into which if an animal
be put it fuffers inftant death, The fire-damp proceeds
from the fame caufe, only that its particles are of the
phlogiftic or inflammable nature, as rifing from the ful-
phurous, nitrous, or oleaginous ftrata in the mine : This,
taking fire by the lights ufed by the workmen, will run
like a train of gunpowder through the works ; and as it
is confined, the elafticity occafioned by the heat will

emufe
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caufe fuch explofions as frequently blow up the mine,
This damp is made on the pump, by letting the air
into an exhaufted receiver through the flame of the oil
of turpentine or other inflammable matters ; after which,
if a lighted candle be put in the vapour, it will take fire.

As the pores and cavities of all bodies are filled with
air, an animal put under a receiver, and the air exhauft-
ed, will foon die; becaufe as the air is drawn out of the
lungs, that in the thorax will expand and {well the ani-
mal, fhrivel up its lungs, and thereby ftop the circulation
of the blood,

Fixed air (that wonderous antifeptic) arifes from the
effervelcence of any acid and alkaline mixture, and eafieft
from chalk and oil of vitriol, —Liquors fermenting dif-
charges plenty of it, and it is found alfo in the common
atmolphere. Water imbibes it, and thence acquires the
fparkling appearance, acidulous tafte, and medical quali-
ties of Pyrmont water. 'T'hough noxious when breathed,
it cures the fea {curvy, putrid inteftines, inflamed, or putrid
fores, &c.

Nitrous air is produced from the effervelcence of cop-
per filings and the nitrous acid.—It diminithes common
air, and their mixture gives a brown effervelcence.

Inflammable air, the pure and elementary phlogifion, is
eafielt procured from iron filings and diluted vitriolic
acid ; the acid feizes the iron, and lets loofe the fixt
phlogifton, exhibiting it as eleffic air. This gas is im-
bibed by any metallic calx, in a ftrong heat, and the calx
becomes revived into its original metal. Lead in calcin-
ing lofes its phlogifton—and becomes a calx called minum
or red lead :—~This phlogifton preferved, if the calx be

placed in it, and the focus of a burning lens heat the
calx,
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calx; it inftantly begins to imbibe the inflammable air,
fwallows it up, and foen becomes the individual lead it
was before the procefs. Thisis taking a metal in pieces,
and putting it together again ; and intimates the infam-
mable principle to be the fame in all bodies, viz. that in-
flammation in cecals, candles, wood, &c. arifes from
letting loofe concreted phiogifton from thefe fubfiances
into the air.—Infammable air being eight or ten times
lighter than common zir, rifes from bogs, and putrifying
fubftances into the higher regions of the atmofphere, and
lodging there, frequently receiving inflammation from
lightning, or eledtricity, giving thunder its long propref-
five found--- Lightning the property of fpreading over
the whole hemifphere ---and when by winds it is drawn
into long ftreaks acrofs the heémifphere, and receives from
electricity inflammation at one end, the inflammation
runs acrofs the hemifphere, and we call the phenomenon
falling flarsy fiery dragonsy meteorsy, Will-o’th-wifpy &ec.
---A foap bubble, filled with inflammable air, rifés in
the atmofphere like a fhot difcharged from a perpendi-
cular gun. feflammable air, when mixt with an equal
quantity of common air, or a third of dephlogifticated
air, explodes when confined in a gun, and inflamed by
electricity, fo as to difcharge a ball with a force nearly
equal to gunpowder.

Copper and fpirit of falt produce an air (through quick-
filver) that is very noxious, ---quickly abforbed by watcr,
---and a candle burns green in it. Water faturated with
it is a ftrong {pirit of falt, and diffolves iron with great
rapidity,

Alkaline air is expelled by a candle from a gun-barrel
filled with one-fourth pounded fal amoniac, and three-
fourths quick lime mixed.

Common
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Common air imbibes phlsgiflon, which diminifhes that
air by precipitating the fixed air it naturally contains ; and
it becomes noxious in proportion to the diminution it is
capable of fuffering. —— Hence phlogifton is the beft teft
of air---unwholefome as it has more in it, and incapable:
of diminution ; and wholefome as it has lefs phlogifton in
it. For air imbibing this inflammable matter from the
blood in its paflage through the lungs, performs the office
beft when it has the leaft phlogifton in it. Hence candles
go out in clofe rooms, and animals die in them ; becaufe
air already faturated with phlogifton can contain no
more.

Vitrislic acid air is produced by oil of vitriol juft covered
with olive oil in a vial, and difcharged by a candle
through quickfilver, Ice inftantly melts in this air; and
alkaline air put to it produces a white flaky precipita-
tion.

Fluor acid air is forced by a candle from a vial con-
taining pounded fpar and oil of vitriol, through quickfilver
into water. The phlogifton in the {par gives volatility
to the vitriolic acid, fo that, coming into contaét with
the water, they unite, and the ftony matter of the {par
precipitates in flakes, crufts, &c.

Depblogifticated air, (or perfect atmolpheric air) feems
to be derived from earth and the nitrous acid, and bids
fair to rob us of a receivedrelement. It is expelled by
a fmart fire from a pafte formed of red lead and {pirit of
“nitre, out of a gun-barrel or a thin vial---or any earthy
matter void of phlogifton, as pipe-clay, &c. In a given
quantity of this remarkable air an animal will live near
fix times as long as in the fame quantity of common
air! A candle burns with an aitonifhing brightne(s in

ity===
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it,---a firebrand crackles in it,---and inflammable air
explodes prodigioufly loud in it, &c.

All fubftances, vegetable, animal, or mineral, mixt
with nitrous acid, and expofed to a proper heat, give
dephlogifticated air---if the fubftances be firft deprived
of phlogifton, But if the fubltances contain much phlo-
gifton, (in thofe circumitances) they give nitrsus air.
If but a fmall quantity of phlogifton, fixt air ; but if no
phlogifton, the produce is dephblogifticated air.---50 when
a fmall quantitity of phlogiiton exifts in the fubftance
ufed, the fixt and depblogiflicated airs generally come
over together, '

From the {moke---putrid efuvia---calcination of
metals ---and breathing of animals, the air muft be con-
tinually contaminated, and made unfit for human refpi-
ration. Providence has wifely made the vegetable king-
dom the cure for this evil, for plants imbibe nourithment
from putrid and phlogiftic air at their leaves, as may be
feen by the fuperior vigour in plants growing in great
cities--- by their growing on walls without earth---
and by a green plant put in noxious air, which imbibes
pourifhment, and cures the air at the {ame time. The
air fo purified in leaves and plants, leaves them, and
becomes dephlogifticated, if the leaves and plants be
expofed in water in a tall inverted glafs, and expofed to
the light.

Refpiratien is alfo a phlogiftic procefs, affeing air
in the very fame manner as putrefadtion, effervefcence
of iron flings and f{ulphur---calcination of metals,
&c.---diminithing its quantity and fpecific gravity, and
rendering it unfit for refpiration and inflammation---
yet ftill capable of being reftored by agitation in water,

or
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ar 2 contat with vegetables. Air comes nearly in con-
talt with the blood in its paflage through the lungs,
giving phlogifton to it when it wants, and taking phlo-
gifton from it when it has too much. Too much phlo-
cifton renders the blood black and thick—but the air
hawnrr accels to it, even through the velicles of the lungs,
“Eﬁders it red again—and dephlosifticated air [iill more per-
feltly fo, both in and out of the body---congealed as well
as fuid, &c,

~ That water is prefent in air, is evident from fecing it

precipitate in a cloud as a receiver is exhaufting on the
air-pump ; from the dew on windows, or other ccld
bodies when water ftands for fome time in a hot room
from the wet hair of thofe who afcend the fides of moun-
tains ; and from its entcnng fpunges and hygrometrical
inftruments when hung in air; from many more proofs
’tis evident that air is a menffruum for water.  dir, lying

on water, and rubbing perpetually againft it, from this
contact, and their natural attraflion, the two fluids mu-
tually imbibe one another; (for air may be feen in water
placed in an exhaufted receiver.) That an ¥eavy body
can rife in a lighter one when its particles are feparated,
and its furface by that means increafed, is certain from
gold being diifolved, and of courfe hanging, in aqua regia,
~—-copper in aqua fortis, &ec. Water rifes n air by the
fame law; and the terment occafioned by all folutions
may be feen in the air along the furface of wet ground,
on a warm day, in that gusvering which the rays of the
fun fuffer in pafling through air and water not yet inti-
mately mixed. Heat affifts all folutions, --- hence the quan-
tity of clouds and rain where the fun is vertical : --- The
drying quality. of the air in fpring, and the rains and fogs
in winter ; for fummer’s warmth affifts in filling the air
with water, and the winter’s cold condenfes and brings it
down in high latitudes ; and as the higher regions of the
G air
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airare cold, and thin, the particles of water run together,
and form elonds, about the height of the mountains :
--- The winds, and their own attraétion, affift this junc-
tion---till their furface becomes {o diminifhed that they
precipitate in a drop of rain : 1f the-drop is frozen in its
defcent, it falls on the ground an hail-flene ; 1f the cloud
be frozen, then broken fragments of it defcend in fakes
of fuow. Fogs in an evening are occafioned by the cold
condenfing the vapours new raifed from the ground before
they are properly mixed with the air.

ke E-CLE W RoEshiVik
Mol Dl 8T o8 T +d L5

HIS branch of philofophy treats of the nature, gra-
vity, preffure, and mation of fluids in general, and of
weighing folids inthem, Mater, like air, confilts of reund
and bard particles, as is proved by putting faltin water with-
out increalfing its bulk, by thersund pores of aquatic plants
and the Florentine experiment, which forces water thro’ the
pores of a copper ball : Hence’tis evident there are vacuities
in fluids, and that no fluid can be prefled into a /i fpace
than it naturally pofielles, except air and feam.

Fluids are faid to be perfed? or imperfe’, as their parts
flide with more or lefs eafe over one another, therefore
quickfilver is the moft perfet of all fluids. Woater being
of the imperfec? kind is feldom pure: It adheres to any
fubftance it meets with, mixes with its particles, and
thence becomes impregnated with whatever firaia it runs
over: If water has any thing alkaline in it, the firup
of wiclets turns it green ; if any thing acid, the fyrup turns
it red ; if it has run over irou flone, or iron mine, a folution

af galls turns it black, and if allum, e/ of tartar turns it
thicks
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¢hick, &c.—Hence water impregnated with lime-{tone,
and oufing flow amonglt mofles, leaves, &c.—as the
water evaporates, the ftony matter adheres to thefle {ub-
ftances, and affuming their fhapes, gives that variety of
whimlical petrefactions we meet with in Derbyfhire,—
the dropping well at Knarefbrough, &c.

Woater being tncompreffible will not be more demfe at the
bottom than the tap of the fea ; but will have the wonder-
ful property of prefling, upwards and fideways, as forciblyas
downwards, in proportion to its perpendiculer beight, with-
out any regard to its guantity ; for as each particle is quite
free to move towards that part on which the preflure is
leajl; and hence no particle or quantity of a fluid can be
at reft till it is ecvery way equally prefled. A fuid may
therefore be conceived as made up of perpendicular columns
of particles, and as divided into imaginary [urfaces each
an inch or more from one another, the loweft prefled with
the weight of a// the reft, &c. hence the pipe fixed under
the mo/¢ furfaces will difcharge the ms/ water, &,

To prove that fluids prefs in all manner of direfions -
alike, take four glafs tubes, open at both ends, but bent
into all kinds of angles ; if thefe be put in water nearly
to their tops, the water will rife in them to its own
level. Or take a veffel full of water, with an hole at the
battom of its fide, of the fame {ize as one in its bottzom, and
the two holes will be found to difcharge the fame quantity

of the fluid in the fame time.

That fluids prefs in proportion to their depth, with-
cut any regard to their quantity, is evident, 1. From a
bladder tied flaccid over one end of an open cylinder of
glafs 5 if water be poured into it, the bladder will bulge
gownwards ; but if then it be immerfed in a veflel of

water till the furface of the water within the cylinder be
G > EUEN
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even with that in the veffel, the bladder will then be
flattifb as if it were not prefled at all, for indeed it is then
prefied equally. If the cylinder be plunged deeper, the
bladder will be prefled wpwards, thewing that bodies fwim
merely by the force of the pillar of water under them en-
deavouring to rifeto its level. 2. Lead isavout 11} times
heavier than its bulk of water ; if therefore a piece be held
tight to the mouth of a cylinder, (open at both ends) by
a ftring within the cylinder, and let down into water
above 11 times its thicknefs, the firing may be let go,
and the upward preflure of the water will hold the lead
to the cylinder ; but if the cylinder and the lead be raifed
till the lead is not 11 times its thicknefs below the fur-
face of the water, it will then fall off and fink. 3. If
a tube of 34 inches, open at one end, and filled with quick-
filver, have its open end immerfed ina bafon of quickfilver,
hung fo by ftrings that it may be /et down into a deep vef-
fel of water, according to the depth the veflel is funé, the
mercury will »ife @ fourteenth part in the tube, and demon=
ftrate that quickfilver is fourteen times heavier than water.
4. If lead with a flat upper fide be laid on the bottom of .
a veflel, and a piece of #ar wood be held on while the
veflel is filling with water ; if no water can get in between
the lead and the wood to form an wpward preffure, the
wood will be held on the lead by its own weight and
that of the water above it. &, If an empty bottle, juit
made fo heavy as to fink in water, be corked, and fuf-
pended at one end of a balance, and, with its cork pulled
out, be immerfed in water and filled, it will require as
much weight in the oppofite fcale to pull it up, as will
weigh all the water in it, which thews that fluids weigh
juft as much in their swn element as out of it. 6. It a
fmall tube 30 inches long, open at both ends, and to
one end {bent to a right angle) #t has a large bladder
tied ; if then the bladder be put in a box, and a board
be laid on it with-25 or 3clb, weight upen it, and water
be
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beé poured into the tube, the bladder will raife ‘the
weights, though the bore of the tube fhould be fo fmall
as not to hold an ounce of water. 7. The preffure of a
Suid upon the bottoms of all vejfels whatever, is proportional
to their bafes and perpendicular height, wit out any regard
to the quantities they contain; for if on a loofe pifton,
fufpended on a balance, acolumn of water of a foot be
weighed, it will be found to weigh as much as a column
of water of the fame height, though contained in a
flanging veffel that holds ten times as much. 8. if a fmal
tube be joined to a wery large one, and thie whole be bent
in the bottom fo as the two parts may be either parallel,
or make any angls, water may be poured into either tube,
and it will juft rife as high in the other, even tho’ one
fhould contain ten thoufand times as much as the other
does : This alfo (hews that fluids prefs in proportion to
their perpendicular heights, without any repard to their
quantities ; that water in pipes will afcend to the level of
the fpring from whence it came ; and that jets or foun~
tains would rife the fame height, if not obftructed by angu-
lar turmings, and the refiflance qf the air into which they

play.

Smoke does not rife into air becaufe of its pefitrve levity,
but becaufe it is Jighter than the air where it is produced ;
hence if the fmall neck of a bolthead, full of water, be
immerfed in a glafs of wine, the lighter wine will alcend
‘up into the bolthead, and the heavier water defcend into
the glafs, For the fame reafon, a body fpcciﬁc:illy (or
bulk for bulk) heavier than water will fink in it; a body
of the fame weight will lie indifferently any whf:re in it ;
and one fpeciﬁcali}' lighter will of courfe [wim in it.

Smoke is forced up a chimney by the air in the room,
prefling to the rarefied air 7n the chimney ; ---hence, the
patent ftoves, contradting the fire-place, obliges the air
o rufh in with great violence, and thereby it over-

comes
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comes more effeCually any wind that forces the fmoke
down the chimney.--~Kitchen, or other open chime
nies, are very liable to fmoke with winds coming
sver, or bofoming againft a taller houfe, church, tree,
&c. --- becaule the fmoke rifing very flow and languidly
by its fpecific lightnefs in the open air, or wide chim-
nies, is eafily puffed down by the wind, if a ventilator
or a feathered covering do not prevent it.

If 2 ftick be counterpoifed on a fcale-beam by water,,
and after that immerfed in a veflel full of water, it will
caufe fo much of the water to flow over the brim as will
be fupplied by #hat in the oppofite fcale: Hence it is
evident a fbip dilplaces juft fo much water in the f=a as is
equal to its own weight and cargo: And hence alfo the
SIrength of weed may be judged of ; for if a piece of vak
ol a foot long be immerfed in a narrow veflel of water,
it will be found to fink about eight-tenths of its length ;
Beech about feven-tenths : Mahogany feven-tenths, &c,

A [folid body, beavier than its bulk in water, will lofe
i/t fo much of its weight when fufpended in it, as its bulk '
of water weighs : But the weight lof} by the [olid is commu-
uicated to the fluid, Hence if the weight of a body in air
be divided by what it lofes in a fluid, the quotient will
thew how much heavier it is than its bulk of that fluid,
or its fpecific gravity. By this trial, pure gold is found
to be 19,637 times as heavy as its bulk of water: Guinea
gold 17,793 times as heavy : Quickfilver 14 times:
Lead 11,325 times : * Standard filver 10,535 : Gopper g:
Plate brafs 8: Steel 585 : Iron 7,645: and block-tin 732,
A cubic inch of brafs lofes 233% grains of its aerial
weight in water : In proof fpirits it lofes 235 grains ;
therefore a cubic inch of water weighs 2331 ; and a
cubic inch proof fpirits 235 grains: And the fpecific
gravities of pure fpirits, proof [pirits, and water are as

840,023
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840,923 and 1020, From hence may be conceived the
great ufe of the hydroftatic balance,

A pipe fixed four times as deep below the furface of a
fluid. as another of the fame diameter, will difcharge twice
as much in the fame time ; if nine times as deep, it will
difcharge faur tines as much, &c. agreeable to the fquare
root of the depth : And the velscity with whick a fluid
{pouts at any depth below the furface, is equal to that
which a.body let fall that beight would acquire. Pipes
alfo difcharge a fluid (when placed at equal depths
below the furface) agreeable to the fquares of their dia-
meters, i.e. a pipe fwice the diameter of another will
difcharge four times as much of the fluid, in the fame
time ; thrice the diameter, aine times as much ; four
times the diameter, fixtcentimes as much, &c,

The preflure of viater againft banks, the fides of con-
taining veflels, &c. is in the proportion of falling bodies,
viz. if the preflure againft the firft inch deep of the
veflel be one pound, it will be three pounds preflure
upon the inch below that; five pounds againft the
inch below that ; feven pounds againit the inch below,
&c. fo that preflure againft banks, flood-gates, &c.isas
the fquare of the dcpth, i.e. if the preflure be 1 pound
again{t the uppermoft inch, it will be 4 pounds againit
two inches deep, g pounds againft three inches deep, 16
pounds againft four inches deep, 25 puunds againtt five
inches deep, &c.

Fluids prefs, or refyff, according to their denfity ; and
hence a boat will carry more on jfalt than frefh water.
The bydrometer thews this very perfetly ; it is buoyed up
by falt and water mixed withvinegar, &c. but finks in wine,
_{,_E:-irin‘, &c. according to their lightnefs, and hence it
is ufed far trying the lightnefs or flrength of liquors.

A [yphon
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A fyphon a8s agreeably to that egual flate which na-
ture affeéts through all her operations; it will not run
unlefs the height of water in the outer leg be greater
than that of the immer leg above the water in which it is
immerfed ; as the water falls therefore from the outer
leg, it will make a continued wvacuum, and of courle
the preffure of the atmofphere on the furface of the water
will force it through the fyphon in a continued fiream, if
kept free from that lodgment of air which frequently
takes place on the top of the {yphon. By the Tantalus
¢cup, and fountain at command, the caule of imtermitting
Jprings is explained thus :

Clouds, being attradted by the mountains, give a con-
tinued {upply to thofe refervoirs of water which are fre-
quently found in the bowels of mountains, and which
fupply fprings in general : But fhould the channel from
one of thefe refervoirs be formed like a fyphen, of courfe
the {pring which proceeds from it will ¢bb and flsw like
thofe in Derbythire, Berkfhire, &c.

The adtion of the common pump depends on the pref-
Sfure of the atmafphere : When the pifton is drawn above
what is called the fucking-valve, it caufes a vacuum,
and the water will be forced up 23 feet, but not higher;
which fhews that a column of water of ¢hat height is
equal to the weight of a column of air, of the fame
thicknefs, reaching from the earth’s furface to the top
of the atmofphere. T herefore at any diftance above the
{urface of the well lefs than 33 fect the pifton will work,
and water from thence may be lifted to any height
whatever, if the pump be ftrong enough. In a forcing
pump, the pifton is a Jolid plunger ; it raifes the water
above the fucking-valve as in the laft, but when the
plunger defcends (as the water cannot return through
the valve back again) it forces it into a larger air

velicl
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veffel which communicates with the body of the pump
above the fucking-valve ; and as by this force the air in
the veflel becomes condenfed, its re-action on the water
caufes it to flow through a fmall pipe in a continued
ftream. The engine for extinguithing fires confifts of
two fuch forcing pumps; with their air veflels,

The lifting pump can only be ufed in deep water, as its
pifton is worked by 4 rod going in at its bottom, and faf-
tened to a frame coming up each fide of the pump: This
pifton has a valve opening upward, and it works below the
furface of the water in which the pump is immerfed, and
thence has no occafion for the air’s pretiure; or a fucking-
valve. ‘This pump is generally equipt with an air vellel
as the laft. On thefe principles engines are made for
taifing water above the level of rivers or [prings ; but if
three pumps aré worked in any engine by a triple crank,
and all of them throw their water into one pipe, there is
ng oceafion for an air veflel, becaufe there will be always
one or other of the piftons aéting; fo as to force the water
out in a regular ftream,.

3 1

Archimedes’s ferew pump raifes witer by its endeavour to
fall—"tis three or four hollow threads of a fcrew wound
round a folid cylinder ; it muft rife out of the water floping,
fo as the threads may all incline downwards ; then, when
’tis turned round, water will rife in it, but to no great
height.

The upright eylindrical mill, by Dr. Barker, is a tall tube
of wood or metal, 20 feet high, and about five inches di-
ameter ; it ftands on a point perpendicular ; and has toits
bottom two or more horizontal arms, or tubes, fixed, of
about fix feet long, communicating with the upright tube,
and perforated with holes, one in each arm, and on the
fame fide in each ; through thefe holes the water which

H flows



§ 534}

flows in at top fpouts out, and by giving a puthto the air,
and preventing the water’s preflure on that fide the arm,
forces the whole machine round, and carries a pair of
ftones at top, or pumps, or any thing elfe capable of being
moved by a circular motion. ‘

The bucket engine, for raifing water by pumps out of
mines, &c. is well calculated for fituations where the
ftream that carries it has three yards of fall, and is too
fmall to carry a wheel : The bucket hangs on one end of
a beam like that of a fire engine ; and at half the diftance
from thence to the fulerum hangs the pump rods; on
the other end of the beam hangs a counterpoife, rather
heavier than the empty bucket, and a column of water
on the pifton; but when the bucket 1s filled by 'the
ftream, it is heavier and defcends ; the bucket hangs on
centres a little on one fide its centre of gravity, fo that
one fide is heavier when empty, and the other when full,
and being unlocked by its defcent, its unequal poile turns
and empties it, and then it afcends and opens a valve
which again lets the ftream into it, and makes it'delcend
again, T his motion works the pumps.

Two foreing pumps, for fupplying houfes with water,
-are alfo worked by an engine of fimilar principles, but
with ftill greater fimplicity : A beam inclining downwards
“to ¢ach end from the centre on which it hangs, has a
trough cut in it, from a divifion in the middle down to
each end, where buckets are fixed for receiving the water
“that works it, and which fows into- the trough, firft on
one fide the divifion and then on the other, as the ends
rife and fall : When one bucket defcends, the valve in its
bottom falls on'a pin, which opens it," and lets out the
« water ; mean while the ftream is filling ‘the other bucket,
which, when full, defcends in like manner, and each end
works a forcing pump. -
| The



R

The centrifugal machine claims ftill greater merit in.
force and fimplicity ; its thape it like the letter T, ’tis
hollow throughout, and its three ends are open: When
the loweft end is immerfed in water, and it is whirled
round on that end, the air in the arms will be partly thrown
out by the centrifugal force, and confequently the prefiure
of the atmofphere on the furface of the water into which
it is immerfed will force it up the tube and throw it out at
the arms; hence a continued vacuum is made, and of
courfe a continued ftream forced out, The perpendicular
tube muft not be above 33 feet high, for realons already
given. Two men will difcharge near three times as
much water with this machine, in the fame time, as with
any pump yet invented,

The fire (or rather fleam) engine is one of the nobleft
prefents that art has made to the neceflities of mankind !
‘When the particles of water are feparated by fire, they
compofe an elaflic vapour, called fleam; this vapour is
capable of occupying 14,000 times the fpace it did in
its ftate of cold water ; ’tis of force fufficient to drive
away the air, and it may be condenfed, or brought
back to water again by e/d. Hence a long hollow
¢ylinder of iron communicates with a huge and clofe
boiler, half filled with water, by a neck which can be
epened or fhut by a {liding valve called a regulator : The
eylinder is exaclly filled by a piflon made air-iight, that
hangs on one end of a beam of timber about 20 feet long,
and fufpended on a centre like a {cale-beam ; at the other
end of the beam hang the ssds which work the pumps in
the bottom of the mine, and throw up a part of the water
into a referveir on the top of the building: From this
refervoir there comes a pipe under and through the bot-
tom of the ¢ylinder, that by opening the cock (called the

injelion cock) plays a jet of cold water into the cylinder to
Ha2 condenle
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condenfe the fteam ; after which this water falls through
a pipe (with a valve opening outward) and forms the hot~
well :  Anothere pipe alfo, with a valve outward, called
the fuifting valve, is fixed near the bottom of the cylinder,
and ferves to let out the air or feam without letting it
return.,  The regulator or injection cock are alternately
opened and fhut by a piece of timber hanging from the
large beam ; and afiream is let into the boiler, or ftopped,
by a floating cspper ball in the boiler that regulates the
height of the water. If now a large fire be put under the
boiler, and the fteam let into the cylinder by opening the
regulator, it will drive out the air, and poffefs the fpace
itfelf ; but fo foon as the injection cock is opened, a jet of
¢cold water will play into the fleam in the cylinder, and
condenfe it into a few drops ; hence a wacuum is formed in
the cylinder, and the preffure of the atmofphere on the pifion
will force it down to the bottom of it ; the fteam then being
let in again will counteraét the air’s preflure, and with the
weight of the pump rods on the oppofite end of the beam,
bring up the pifton to the #p of the cylinder. This
action is repeated fourteen or fixteen tines in a minute,
and works the pump in the mine. As the friction of
this machine is very great, inftead of reckoning 15lb,
preflure on every fquare inch on the pifton, 81b. will be
found nearer. If then the weight of a column of water,
the depth of the mine, and the diameter of the pump be
calculated, the neceffary diameter of the cylinder will be
eafily found.

‘The fire engine with the inverted piffon {pares the ex-
pence of both a beam and building ; the cylinder, with
its open end downwards, ftands over the pit or fhaft
of the mine, the boiler ftands by its fide, the injection
well above it, and to its piflon the pump rods are faftened.
The regulator (of great fimplicity) is the injefion cock alfo,
When the fteam is let in at the top of the cylinder, and
condenfed by the injection water, the upward prefiure of

the
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the atmolphere forces the pifton from the bottom to the top
of the cylinder, and the weight of the rods, and ftrength
of the fleam forces it back again. This motion works
the pumps.

‘The cold water vacuum will do this bufinefs with ftill
le(s machinery and expence, where the water that works it
has a fall of 40 feet. With the bottom of the cylinder
there communicates a perpendicular wide pipe of 33 feet
long, having a regulator at its bottom, and another at
its top. The pifton and beam are the fame as in the
common fire engine. T he water being let in at the bot-
tom of the cylinder will fill both the cylinder and the pipe
below it ; if then the regulator at the bottom be opened,
the water will defcend out of the c¢ylinder, but not out of
the pipe, becaufe it is then but a counterpoife for the atmof-
phere : Thus a vacuum is formed in the cylinder, and the
pifton will defcend and fhut the upper regulator; but
when it reaches the bottom, it opens again, and as the
cylinder fills, the pifton rifes. Thus aétion is given to
the beam ; and water applied in this way is perhaps a
more powerful agent than it is in any other.—N. B. For
ought I know, thefe two engines are new, and unknown to
the pk‘ﬁrfﬂ.‘. ;

Watts and Boulton’s fteam engine condenfes the fteam,
without cooling the cylinder by a jet of cold water, and
thereby faves fuel. The fteam is produced in a boiler as
ufual —it pafles into a double cylinder, and forces down
the -pifton by its elaflicity, for the rod of the cylinder
works through a collar of leathers, and therefore the
preffure of the atmofphere has nothing to do in this
engine. When the pifton is at the bottom of the cylinder,
the fteam-cock opens, and by the double cylinder, fteam
enters both above and below the pifton, fo that it rifes
in ftagnate fteam by the weight of the pump rods acting

on
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on the oppofite end of the large beam. When the pifton
arrives at the top of the cylinder, a cock opens that commu-
nicates with a vacuum formed in a pond of cold water ; this
draws the fteam from under the pifton in a moft perfect
manner, and leaves the pifton liable to the preflure of
the fteam wupon its #op: and as fteam may be made of
much ftronger preflure than the atmofphere, this engine
1s proportionably more powerful than the common en-
gine,

: AU Dol el R R T

B LU G STvR TRt

LECTRICITY and phlegifion, having many pro-
perties alike, many think them only modifications

of the fame principle. Iron lofing its phlogifton by
vitriolic acid, lofes by the fame procefs its electricity ;
proved by infulating the procels, when a wire communicat-
ing with the effervefcing mixture, will betray figns of nega-
tive eleéricity. This moft {ubtil fluid, feems more or lefs
inherent in all matter—but fome bodies conduét or tranf-
mit it, whilft others ftop its progrefs from one body to
another, Glafs, hair, filk, and gums are non-conduiiors,
and called eledirics : but metals, water, green wood, and
moft animal and vegetable fubftances are conductors, and
are called non-eleirics. 1. 1f along tube of glafs be rub-
bed with a warm flannel, an atmofphere of this fire will
be formed all round it, and if a finger approaches the tube,
the firc will come vifibly off the tube into the finger with
a fnap: The reafon is, the fri¢tion collets the fire, and
the fpark is the effort it makes to difperfe itfelf again, and

thereby reftore its equilibrium, 2. If the fame tube
clectrified,
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electrified, approaches a feather hung by a filk thread,
it will attraé? the feather once, but if held to it again,
will repel it. The filk will not conduct the electric fire ;
the equilibrium is therefore effected between the tube and
the feather on the firft approach ; on the fecond, the at-
mofphere of the tube preffing on that of the feather,
drives the feather from it, (for two bodies poflefsed of
the fame elericity univerfally repel one another;) but
if the feather be fufpended by a flaxen thread, the electri-
fied tube will always attract it, becaufe the fire can make
its efcape up the thread, and thereby leave a continued
inequality between them. A large globe or ¢ylinder of
elafs, with a bafil-fkin cufbion covered with an amalgama
of quickfilver and tinfoil, or zine, or aurum mofaicum
fpread on black filk, faturated witlt mercurial ointment,
to produce the friction ; a prime condusior to take off the
eleciric atmofphere from the glafs, and depofit it in a glafs
receiver covered in and outfide with tinfoil to within two
inches of the top, and a whee/ to put the cylinder in mo-
tion, is called the electric machine, or fire pump ; when
this machine is put in motion, it deftroys tha equilibrium
of the electric fire about it, and from thence the whole of
its phanomena proceed, as may be proved by experiment.
1. If .a perfon touch the eleérified condudtor, the fire
-will efcape through the perfon into the ground with a
flath and report. 2. If any number of perfons take
hands, and the firt perfon holds a chain which commu-
‘micates with the outfide of the receiver, and the laft perfon
touches the communication with the infide when the
phial is charged, the fire will reftore itfelf through all the
company at the fame inftant, giving each a fevere fhock
at the wrifts and elbows, in its paflage back again to the
outfide of the phial. 3. If a perfon ftands on a ttool with
glafs feet, and holds a chain faftened to a conductor, on
turning the machine, and touching him, [parks may be
brought out of every part of his perfon and cloaths, and
if
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if he touch warm fpirits or gunpowder with his finger;
they will take fire ; which fhews that the eleétric fire is
chiefly pumped from the earth, and cannot return to it
again through glafls. 4. If a ball be hung on the con-
dultor, and a plate of bran or leaf gold be placed under
it, on elecrifying the ball, the bran will be alternately
attracted to and repelled from it in a beautiful thower ;
here, the particles of the bran are carriers .as it were of
the electric fire from the ball to the plate: And if two
bells be hung on the condudtor, one by a flaxen thread,
and the other by a filk thread, (having from it a chain
to the table) if a fmall dapper be hung between them
‘on a filk thread, it will carry the fire from one to another,
and thereby ring both. 5. ‘Electrified feathers {pread out
their threads radically ; if a round body be held to them
they cling to it and depofit their fire; but if a point be
‘held near them they fhrink at once; hence the ‘reafon
why the wire condu&ors rifing from the ground above
the tops of houfes, terminate in points to receive with
more eafe the lightning from the clouds, and thereby pre-
vent its mifchief. 6. If wires fixed like the fpokes of
a wheel be fufpended on their centre, with their points
bent all the fame way, and in the plane of the circle; on
being elerified, the efluvia flowing from the points will
ftrike {o forcibly upon the air as “to force the wheel round
with greatrapidity : Hence a fimple and plealing eleCtric
orrery is put in motion,.--and various mills and other
devices. 7. Water and falt (Jikethe cylinder and cufhion)
will colle &t the eleStric fire when put in motion ; for one
is an oherric, and the other a nmom-électric body ; hence
the oo it(elf becomes as it were an buge electrical machine
when violently agitated by winds, collecting on its trou-
bied {urface the fire from beneath, and looking in the
night as if it was all in flames. Clowds vaifed from ia
fea {0 circuniianced, muft needs contain more of the
electric fire than clouds raifed from the land, or a calm

fea s
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fea; if therefore two clouds meet, fraught with anegeal
portions of this fire; the cloud moreeledirified will depofit its
abundance in the cloud %/ eleétrified, and with a flath of
lightning reftore theequilibrium ; this fire clearing the air,
the adjoining air will ruth in, and with a report called bz~
der, reftore the equilibrium of the air. Some think putrid
fith, others animalcula, or an eaft wind, the caufe of the
luminous appearance of the fea.  If a cloud attracted by a
neighbouring mountain contains mere eletric fire than
the mountain, the lightning will dart from the cloud to
the mountain, and vice verfa; hence if an eleric cloud
comes too near a fower, tree, houfe, &¢. and they are not
wet, the fire will delcend én them in an effort to reftore
the equipoife, and if greatly obftruéted in its paffage to
the earth, will perhaps break them all to pieces; to be
dry, or ftand under a tree-or fhed, is therefore dangerous
in a thunder-ftorm; and fhews alfo the extreme utility
of having a wire from the top of any tall building, down
which the equilibrium will: be reftored without danger ;
and if the wire does' not touch the ground, a finger at
that. time applied to the wire, will receive the electric flafh
much f{tronger than by a machine, A %ite fent up into
the thunder-cloud by a wire, having a key tied to its end,
and held by a filk ribband, will extraét the fire from the
cloud ; it will come down the wire, and fiream off the

key to the ground in a beautiful, but alarming torrent of
fire.

>Tis thus, by weight and meafure, the ArmicuTty
has appointed felf-phyfic for the diforders of his works !

If a capillary fyphon be made to decant water, it will
fall from it in fmall drops, but if the water be eleltrified
it flows from the fyphon in a fwift fiream. Hence ’tis
found that a perfon pefitively cleftrified, (i. e. having
more electric fire thrown into him than his natural guan-
tity, by ftanding on a cake of wax, or a glafs-footed ftobl,

: I and
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and touching an eledtrified condulor) has his pulfe
accelerated.  This acceleration has been found of great
fervice in obfiruétions, rheumatifms, palfies, &'c. and the
eleéirical fhock has been fiill more fuecefsful in removing
paralytic complaints, deafnefs, testh-ach, numbnefs, e
But its medical qualities have not yet been well afcertained.
A perfon infulated and communicating with the infulated
rubber, lofes his natural portion of ele@ricity, and his
pulfe 15 lowered.

The elelirical fluid always goes the weareft way, and
chufes the beft conduétors. A chain hung on a wall, and
made part of the circuit from the in to the outfide of the
charged Leyden vial, is luminous when the vial is dif-
charged, and fhews the road taken by the eledirical
fluid : but if a {firaight wire touch the two ends of the
chain, the chain will not be luminous, for the fluid will
run invifibly through the wire, as being the nearer road.
If the wire be then removed, and a ftick put in its place,
the chain again becomes luminous in the difcharge,
as the fluid will rather go a longer diftance than pafs
through a bad conductor.

The electrical fluid poured on the infide coating of a Ley-
den vial, propels an equal guantity from the outfide. 1. The
outfide coating of a vial being pieces of tinfoil not touch-
ing one another, the fire will be feen darting from one
piece to another, till the charge is compleated : when
difcharged the fluid will return, and make the whole
outfide luminous. 2. A bottle, coated on both fides,
having a cap cemented on its neck, with a valve, and
from that cap a pointed wire going f{traight into the bot-
tle : If this bottle be exhaufted of its air, the vacuum
will be found a good conduétor; and when the cap is
held to the prime conductor, flames like the Aurora borea-
lis will iffue from the point of the wire to the infide
coating, and charge it ;—~but while an imperfe&t commu-
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nication is made bétween the negative outfide and the
pofitive infide, the point receives the fluid and exhibits
only a flar on its point :—Hence a receiving point always
exhibits a far, and a delivering point flames in vacuo.
A vacuum being fo good a conduétor,; may not the fun’s
heat and the great centrifugal motion of the equatorial
parts of the edrth, make the air there fo thin, as to become
a conductor of that eledtric matter of which the earth is
the known refervoir ? and being thus thrown up into the
upper regions of the atmolphere, may it not make its
way towards the poles where the [mall degree of centri-
fugal force is friendly to its reception? Aiming there-
fore at a point, may it not be {o far concentrated and
condenfed, as to become vifible, and make thofe radical
corufcations we call freamers 2 for eledtric matter {tream-
ing through ‘highly rarefied air exhibits: the very fame
appearance. 3. On the cover of a large Leyden jar fix
2 fmaller jar, fo that the outfide coating of the {mall
jar may have a metallic communication with the zx-
fide coating of the larger ;—the outfide coating of the
fmall jar becomes a conduéor to the infide of the big
one, when held to an excited prime conduétor; if when
charged, one kngb of the difcharging rod be applied to
the negative fide of the large jar, and the other applied
to the knob communicating with the infide of the finall
jar, a flath will iffue from the contact (being the natural
eleélricity of the infide coating of the fmall jar) and by
which the equilibrium of its two fides becomes deftroyed.
Ele&ricity will then rife from the infide of the large jar
upon the outfide of the {mall one, and a communication
between the outfides of the two jars produces another
flath. . By repeating this twenty or thirty times, the
whole charge of the lower jar will be taken piecemeal
out; and prove that what eletricity is poured on one
coating of a jar propels a like quantity from the other.
4. If arod of wire, 18 inches long, having a light knob
at each end, and fufpended on an infulated point, be

Iz placed
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placed {o between the knob of a charged jar and a rhetal
pillar, that when one knob touches the pillar, the other
may be {ix inches from that of the jar, then will the rod
vibrate between the jar and the pillar, taking out the
electricity fo by lhttle and little, as to acquire ten minutes
to compleat the difcharge. . 5. If a Leyden vial be charg-
ed on an infulated ftool, having two pith balls hanging
by fine threads proje@ing from its in and outfide coatings,
the balls communicating with the. pofitive coating will
feparate 5 if then a finger touch: the wire on which they
hang, thefe balls will clofe, and thofe will open which
eommunicate with, the megative coating ; touch that wire
and the negative balls clofe, and the pofitive balls openy
&c. for an amazing number of times'! thewing, that tho’
glafs will not conduct eleétricity, its influence can opperate
through the thicknefs of glafs. 6. ‘To fuperinduce
¢leclricity on a:loofe coating laid en plate-glafs, touch
the. coating with. the knob of a charged wvial, then
fhake off the coating, and clap an infulated metal plate
on the place, touching it at the time of conta&, then lift
up the plate, and it will give a fpark to the knuckle;
place it on the glafs again, and touch and remove it
as before, and it will give another fparky and continue to
do fo as long as the apparatus is kept clean and dry ;
making perpetual eleclricity; by which wvials may be
charged,  inflammable air-guns fired, &c.—N. B. The
plate of glafs muft have a fixed coating on the oppofite
{ide to the foofe” one, and of the fame fize. = This appa-
“ratus is called Ele#rophorus 3 and often inftead of glafs, a
‘plate is made of fulphur, fhell-lac, rofin, &c. 7. To
prove that the natural ele@ricity of bodies may be dif-
turbed by the near approach of excited electrics, let two
projecting ‘arms of infulated wood have flips of tinfoil
clued ‘on them from end to end, and pith balls hanging
from cne end of each; if the two arms be placed in a
line, with the ball-end of one touching the end without

g ' ‘balls
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balls of the other, and an excited eleric be held with-
in an inch of the end without balls, then will all the four
balls part ;—at that inftant, if one ftand be feparated
from the other, the balls of one will be found in a nega-
tive and the other in a pofitive ftate, the balls fartheit
diftant from the excited eleétric will be in the fame ftate
as the eletric, and of courfe repelled by it ; the neareft
attracted, &c. Hence if any part of an eledlirical cloud
comes near the earth, it will difturb its, own kind of
eledtricity in the earth, and drive it away; but if any
other part of the cloud comes within the ftriking diftance
of any conduéor to the earth,---the cloud will be dif-
charged, and the difturbed elettricity will return with a
force that frequently proves fatal to animals in its way.,

Eleetricity is applied to inflamed eyes, tumours, &¢. by
a chain coming from the prime condufor ending in a
point of hard wood ; the point is held near the part by
a glafs handle, and an aura iffues from it on the fore, that
often performs a cure. 2. Paralytic and ‘rheumatic pa-
tients are relieved by fhocks fent through the fide affeted.
3. Obftrultions are often cured in the female fex. by
pofitive eleétrification, 7, ¢, by placing the patient on an
infulated ftool, communicating with the prime conduc-
tor, and keeping her eleérified for half an hour together,
eccafionally drawing fparks from her.

LECTURE
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LYE CYT URNESIX

5 SEPRE SRl it el s

Hail holy light | Offspring of beaven! Firjt born !
Or of th' eternal cocternal beam
Moy I exprefs thee unblam’d @ —— MiLrton.

THIS modefly of the poet becomes the dignity of

- fo divine a fubjeét.—Light is the bleffing which
gives poignancy to all ethers, ---therefore the fcience of
optics, which immediately treats of it, muft refle& pare
ofits luftre and importance. Plato defines light, “ g rare
and fubtil flame ;”” and perhaps it is but diluted or very
rare phlogifton, or flame in a ftate of great thinnefs or
rarefaction, May it not be the inflammable principle
perpetually let loofe from the fun, and occafionally from
other luminous bodies ?---May not thefe phlogiftic
particles flowing from the fun, enter into the texture of
other bodies, give them the power of inflammability,
and become fixt in them, till let loofe by the contaét of
bodies in altual inflammation ?---Or finally, that the
concreted rays of the fun in bodies having affinity with
them, may give them the power of inflammability uni-
verfally ? Some believe light to exift even in the abfence
of a Juminous body, and that it is only a Juminous bedy
that puts it in motion. The moft general, and probable
opinion is, that it flows immediately from the luminous
body in ftraight lines, in all manner of diretions, and
confifts of particles {o infinitely fmall, as to exceed all
huuian comprehenfion.. A proof of this fmallnefs is,

that a candle will fill a fphere of four miles in diameter,
without
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without the leaft fenfible lofs of its fubftance: And if
a row of candles ftand parallel to a black paper, with a
pin-hole in it, each candle (through that hole) will
make a feparate fpeck on a pafle-board a little behind it.
Thefe particles by firiking the retina of our eyes, excite
in our minds the idea of light: And when they fall
upon bodies, and are by them refleCted to our eyes,
they excite in us an idea of thefe bodies.

In a room perfectly dark, if the hand (or any thing)
be put into light, and then taken into the dark room,
it will be luminous fome time, as if covered with phof-
phorus. --- Calcined oyfter fhells taken out of the light
into the dark room, exhibit the colours of the rainbow,
&c. fhewing that light firiking upon bodies, excites
their latent light, and makes it vifible, as one candle is
lighted from another.

We cannot fee through the bore of a bended pipe;
which proves that light moves in ftraight lines in every
medium of uniform denfity. But when they pafls obliguely
out of one medium into another, which is either more
denfe, or more rare, they are refracted, or bent towards
the denfer medium, more or lefs, as they fall more or
lefs obliquely on its furface, To prove which, puta
fhilling in the bottom of an empty veflel ; ftand fo far
from it that the veflel may hide the fhilling; if water
be then poured into it the fhilling will again be feen.
Hence we are deceived in the depth of water: A ftraight
ftick put into water will appear crocked ; and hence
the fun’s rays being broken by paffing thro’ our atmo-
fphere, we fee him in the borizon, before he rifes, and
after he fets in it. 'When rays fall perpendicularly on
any medium, they pafs ftraight through without any
gefraction,

Glafs
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Glafs \is generally ground into eight different fhapes
for optical purpofes. . 1. A plane-glafs, is Hat and even
on both fides, and of an uniform thicknefls ; will re-
fra&k the rays of light, but not collect them into one
focus. 2. A plans-convex, is flat on one fide,, and con-
vex on the other. W hen parallel rays fall dire&ly upon
it, they. pafs through it, and are {o refra&ed, as to unite
in a point called its focus, jull fo far behind it, as is
equal to the diameter of the {phere of which it is a part.
3. A donblectonvex, is convex on both fides: Parallel
rays paffing through it converge or meet in a focus, at
half the diftance they do through the plane-convex ; and
as the heat of all thofe rays are colleted in that focal
peint, it will burn. 4. A plans-concave is flat on one
fide and concave on the other, . The double=concave
is hollow on both fides, and parallel rays pafling through,
diverge or {pread out agreeable to the laws of refraétion.
O A menifcus-glafs 1s convex on one fide, and concave
on the other. 7. A flat plano-convex, or multiplying-
glals, has its convex fide ground into feveral flat fur-
iaces« And, 8 The prifm has three flat fides, and
viewed endwife appears like an equilateral triangle,
The prifm held obliquely to a ray of light ina dark
room, will" affe& its fmallet particles the moff, and
fhew them to be a fine indige colour ; it will affemble the
next in fize clofe to the firft, and fhew them to be of
a wiolet colour 3 the next blue; the next green; the next
yellow 5 then grange 3 and ac laft the red, which confifts
‘of the largelt particles, and therefore by the momentum
of their motion, the lealt capable of being attralted out
of their way. ’Tis wonderful that thefe colours occupy
fpaces on the fereen on which they ars thrown by the
prifm, exactly proportionate to the diatonic fcale of the
Jeven notes of mufic ! If in the rays fo divided a double-convex
Jens be put, it will bring them into one point that fhall
be perfectly white ; which accounts for the white appear-

ance
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ance of the atmofphere, becaufe rays are fo well mixed in it.

As white is therefore a compofition of all colours, o #lack

is a privation of them all, and properly zs colour, and fuch a

blank exifts in the {pace above our atmofphere : In looking

up therefore we fee what is called the d/ue /&y, a colour natu-

rally refulting from the mixture of blac and white through

which we look.All bodies appear of that colour wholfe rays

they reflect moft; as a body is red when it reflelts the
red rays, and ublorbs the reft. T'wo, or more, colours

that are quite tranfparent by themfelves, become dark
when put together, Thus, if fpirits of wine be tinged
red, and put in a [quare bottle, every objeét feen through
it will be red ; becaufe it only fuffers the red rays to pafs
through it, and ftops the reft. If another bottle be
tinged blue, all objects viewed through it will be blue for
the fame reafon : But if the two bottles be held together,
the object can no more be {een through them ; for what-
ever rays pals through the bottle next the eye will be ftop-

ped by the other, &c. Rays of light fuffer difterent
degrees of refraction, by falling more or lels obliquely on

the prifin, a convex lens, &¢c. and are thereby feparated as
above ; this happens to them in pafling through drops of
falling rain : For being reflecicd towards the eye from- the
fides of thofe drops which are fartheft from the eye, and

again re¢fracled by pafling out of thele drops into the air,

they come in refracted diretions to the eye, and make

all the colours to appear fucceffively in the form of a fine
arch in the heavens, which is called the rainbow : All
drops pafling through an ideal plane in the thower, refradt
a certain colour to the eye—pafling through another a
little lower they refract another, &c. fo the bow appears
permanent. '

Light is refleited by the repellent quality of bodies, and
flies back from polifhed furfaces, like a ball thrown againft
an hard and finooth plane: If a flick ftand perpendicu-

K larly
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larly on that plane, and the ball be thrown obliquely on
the plane near its foot, it will rebound on the other fide
the ftick, and form an angle with it, equal to that in
which it was thrown ; the firft of thefe is called the angie
of iucidence, and the other the angle of refleétion. 1f upon
a plane looking-glafs a ray falls from any objedt, if a perpen-
dicular be erected there, and the eye go off fuch a diftance
as to form the fame angle on the other fide of it, the ob-
ject will be feen in a ftraight line behind the glafs, ---for
it is an axiom in Optics, that we always fee objects tn that
line of rays that come to the eye laft. - Hence 1 fee my wholé
" perfon in a glafs but half its length ; for the rays from my
feet firiking upon the bottom of the mirror, will form the
angle of reflection in my eye the fame as if it was the whole
length, &c. Hence alfo the effelts of diagonal mirrors, opera
glaffes, cameras, &¢. Parallel rays falling on a concave mirror
will be refleted alfo agreeable to thofe angles, and meet
in a point at half the diftance of the mirror, from the
centre of its concavity ; if the rays proceed from an hot
fun, his image will likewife be found in that point, and
burn. The rays which proceed from any terrefirial object,
come diverging to the mirror, and therefore will net be
converged to a point at half the diftance of the mirror’s
furface from the centre of its concavity, but nearer to that
furface ; the image will be lefs than the object, but will
be feen inverted, and hanging pendant in the air, quite
diffin&t by an eye placed oppofite the mirror. If the
.-:-.-F:,r'frf be in the centre rf the mirror’s mm‘rmfr_y, the fmage
and object wWill be together, and of equal bulk : Therefore
when the objedt is more remote than the centre of
concavity, the image will be /lefs than the ¢bject, and be-
tween the object and mirror : But when the object is
nearer than the centre of concavity, the imdage will be more
remate, and éigger than the objeét. The angles of inei-
dence and rg?.*frjm alfo account for the ﬁ.rg':irff fmnge mn i
LIVVEX MIFTOr
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"The duman eye is lodged in a bed of fat, and ‘fecured in
an hollow orb of bone ;---’tis moved by mufcles which
at on its outfide like pullies, and confifts of four coats,
and three humours. The coat, in which the back part of
the eye is contained, is called the felerotica ; it is a large
portion of a globe, very fifong, and of a non-elaftic nature ;
---that part which completes the globe on the fore-part of
the eye, is the cormea; it bulges a little forward out of
that fhape, and is a fine tranfparent membrane. Next
“within the fclerotica is that called the choroides, which
ferves as it were for a foft lining for the other ; and within
this, is fpread a fine expaniion of the optic nerve, like 2
net, called the retina, upon which are painted, asina
camera obfcura, the images of all wifible ebjects, by the rays
of light fﬁatﬂawlﬁ'am them : The iris is compofed of two
{ets of mufcular fibres, which dilate, or contrack the hole
in it called the pupil, {o as to adapt it to a ftrong or weak
ight.  The adnata, or conjunctiva, is the white of the
eye, a fine membrane that folds under the eye-lid, and joins
to it.  Under the cornes is a fine tranfparent fluid like
water, and thence called the agueous bumour : It gives
the protuberent figure to the cornea, and goes through
the pupil.  Behind this lies the cryfalline humour, (haped
like a double.convex glafs, tranfparent as cryftal, of
the confiftence of hard jelly, and which converges the
rays that pals through it to a focus on the retina. 1Itis
inciofed in a fine tranfparent membrane, from which pro-
ceed radical fibres called the /igamentum ciliare, all round
its edge, and joined to the out edge of the iris: Thele
fibres, by a power of contradting and dilating, alter the
convexity of the cryfalline bumour, and fhift it a little
backward or forward in the eye, to fuit it to the different
diftances of objefts (an admirable provifion!) The cry-

Salline humour is bedded on the witreous bumour, which
fills the whole orb of the eye, and is tranfparent like
glalsy the largeft of all in quantity, and is much of &

; S o
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confiftence with the white of an egg. 'The optic nerve
comes from the brain, through the ﬁ-f:ranm and, choroides,
on that fide the eye next the nofe; and is inclofed on the
outfide the eye by coats famceeding from the pia and dura
matery and of which the feleretica and choroides are but a

continuation, =~ Thele are the parts of this wonderful
organ.

Rays from any object fream upon the reting, and there
paint it invertedly, as may be feen by cutting off the three
coats from the back part of a freth bullock’s eye, and
‘putting a piece of white paper over that part: If the eye
is then held before any bright obje, an inverted pic-
ture of it will be painted on the paper. .The optic nerve
inclofes a blood-veffel, which renders obje&ts invifible that
fall en it; how wifely therefore is it placed on one fide
of each eye ! that the fame parts of an image which falt
on the optic nerve of sz eye thould not fall on the sther !
1f three patches are placed at a foot diftance from each
other on a wall, if the right eye be covered, and the Jft
look ftedfaftly at the right-hand patch, that on the left

hand will difappear, be::nui'c it falls on the artery in the
‘?p“u I‘.LEI“L’E-

The nearer any object is to the eye, the larger is the
‘angle under which it is feen; therefore an object looks
twice larger at one than at tws miles diftance. Hence
~the ule of convex glaffes, which, by increafing #his angle,
make minutz objests vifible; and when the bumonrs ave
= grown fo flat in décayed eyes, that the picture falls behind
:the retina, 'can~bring the rays to converge fo that the
- picture fhall be brought back as it were to the retina.
~BPence alfo the reafon that the o0 round eye requirés the
o eoncave glafs, by its divergency, to remove the
pxfrom the vitteous humour forward to the retina.

The
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The fingle microfeope is only a (mall convex glafs, hav-
ing the objeét placed in its focus, and the eye at the fame
diltance on the other fide. Its magnifying power is thus
calculared : A good eye cannot fee any obje& diftinétly
at lefs than fix inches diftance ; if this be divided by the
focal diftance of the glafs, the quotient will be how much
the diameter of the object is multiplied.

The double microfcope confifts of an objec? glafs and an
eye glafs, between which the image is formed and magni-
fied, by having the obje& a little further from the object
glafs than its principal focus; this image, brought fo
near, “is viewed by the eye through the eye glafs. If each
glals magnifies fix times (as by the laft calculation) then
is the object magnified #hirfy-fix times by both. This
mftrument is equipt with a mirror which, by the angle of
incidence and reflection, throws up light on the underfide
the objed¥; which obje& being placed in the focus of a
moveable lens, has its upperfide enlightened alfo,

The folar microfcapeis placed in a round hole ip a thutter
that only admits, into a dark room, a {mall cylinder of
rays ; that thefe rays may be fent ftraight through the
tube, a plain mirror on the sutfide is {o fixed as to reflect
them in} they then pafs thro’ a large convex lens ; after
which, they fall upon, and enlighten the obje@®, which is
placed in the focus of a finall magnifier, through which
they carry a large inverted image of the objeét to a white
fheet, placed at any diftance for its reception,

A refraéting telefcope may be made of tws convex glafis,
viz. an object glafs and an eye glafs, if the focus of the eye
glafs be in the fame part of the tube where ‘the image is
‘formed by the object glafi; but then the image will be
inverted and therefore ’tis only fuitable for celeftial ob-
jeéts.  The magnifying power of this telefcope is as the
. : focal
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focal diftance of the ¢djec? glafi to the focal diftance of the
¢ye glafi : Therefore if the former be divided by the latter,
the quotient will exprefs the magnifying power, and thew,
that if the focal diftance of each were alike, the magnifying
power of the telelcope would be nothing ; and that this
magnifying power will increafe with its length, for the
oreater the focal diftance of the objeét glals, the lefs may
be the focus of the eye glafs,

A refracting telefope, that will fhew objets in their
natural pofture, mult have iws equal convex glaffes added
to the eye glafs, and all three muft {tand at double their
focal diltances from one another, As thefe three do but
as it were compofe one eye glafs, the magnifying power
of this telefcope may be calculated as the lait.

Dollond’s patent telefcope is formed en the fame princi-
ples, only its obje&t glafls is much larger, amg is com-
pofed of two joining glafles of different denfities, one a
plano-concave, and the other a double convex that fits into
the other’s concavity, Thefe make the field of view
larger, and, by taking off the coloured rays, the image
bécomes bright, and quite ditinét : For as the rays which
pafs through the edpe of a convex glafs are more unequally
refracted than thofe that pafs nearer its middle, they don’t
meet in the fame point, but form a circle of prifmatic
colours round the image : In the common telefeope thefe are
partly taken off by a black plate fixed in the tube, with an
hole through its centre; but the patent glafi does this
much more effectually. .

The reflecting telefcope exceeds all others in its magn:-
fying power and portable fize; and its outward figure
confilts of a great and f{mall tube, fcrewed into the end
of one another. At the bottom of the great tube is
placed the large concaye mirror, with an hole through its

middle.
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middle. Parallel rays from celeftial objeéts falling on this
mirror, are reflected back by it, and form the image a
little fhort of the fmall concave mirror which faces the hole
in the large one. From this image the rays diverge to
the {mall mirror, and are from thence reflected parallel,
and inverted into the fmall tube, through the hole in the
large mirror : here meeting with a convex lens, they are
fo refradted as to form the image in the fmall tube. The
image being now brought fo near, requires nothing but a
fingle, or compound, eye glafs to fend it duly magnitied
to the retina. Rays from any tetreftrial object will not come
parallel but converge a little ; hence the image is formed
nearer the great mirror, and therefore a fcrew is fixed to
the {mall mirror, on the outfide the tube, to adjuft it to
it; and alfo to the greater or leffer convexity of different
eyes. Mr, Herfchal’s reflector is formed on the Newto-
nian plan, viz. its great mirror is not perforated, and
therefore its image is received by a plane mirror placed
diagonally within the tube, and which fends that image
through the magnifying or microfcopic part fixed perpen-
dicularly in the tube. The excellence of this inftrument
confifts in the curvature and polifh of its great mirror,
which forms the image of the obje& looked at fo perfedt,
that a magnifying power of 6,500 can be applied to it,

The diagonal mirrer, for viewing prints, is a pleafing
inftrament.  If a plane mirror be placed at an angle of 45
degrees above a print lying horizontal and inverted, it wilj
turn the rays reflected from the print into an horizontal
direction to the eye: If then a large convex lens be placed
between the eye and the mirror, the picture will be pro-
digioufly magnified; and if an aflemblage of fheli-twork
environ the view between the print and the mirror, the
picture will have a beautiful frame to it,

The
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The camera obfiura is formed pn the fame principles,
A diagonal mirrer is fet at the {ame angle againft the land-
fcape, and refleéts it downwards through a convex lens into
a dark box, where it is painted on a, white paper placed in
the focus of the lens, and on which a hand put into the
box may draw the landfcape to the minuteft exaétnefs.

The opera glaf; is alfo formed of a fmall diagonal mir-
ror, which fends the rays through a convex glafs to the
eye. Through this a gentleman may look at a diftant
lady in the company, and the lady know nothing of it

The magic lanthorn is formed on the fame principles as
the folar microficpe; a candle fupplies the place of the
fun ; and having its rays tinged with the colours of #ran/~
parent fizures painted an glafs, throws them through two
convex lenfes on a white wall in a dark room, prodigioufly
magnified.

LRGPP R By R,

OF <F e U G S BB

WHEN a fhip approaches us at fea, the firft part of

her we lee is her upper fails, after that we fee her
Jower fails, and then the bull:—'Tis evident fhe moves
on a round furface or we fhould fee the whole ata time.
In failing from capes we lofe fight of them firit at the
Bsttom, then the middle, and at laft the #p difappears.
Thefe effeéts are in all parts of the world. Several per-
fons have failed round the earth. And all the bodies in
the {yftem are round. Hence we conclude that the eartd
is a globe alio,

The
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The earth’s roundnefs is no more affeQed by the
hrgei’c mountains, than the roundnefs of a commdn
globe is by a few grains of duft thrown upon it; for
they bear no greater proportion to its bulk, It is 7,970
miles in diameter : Near 100 millions of miles from the
fun: Moves round him in 365 days 5 hours and 49 mi-
nutes, at the rate of 60,000 miles an hour ; and turns
round upon its axis every 24 hours, from weft to eaft,
which makes all the heavenly bodies feem to turn round
‘the contrary way, or from eaft to weft.

The particles of which the earth is compofed would
fly into confufion, if not held together in the form of a
globe by the power of gravitation. *’Tis this power which
gives weight to all bodies, or that tendency they have to-
wards the centre of the earth. Hence the general #5p of
the earth becomes its whole furface, and the general
bottom its centre. ‘The Antipodés are therefore as much
on:the top as we. But as the parts of the earth are
loofe, the violent mdtion it has on its axis will in fome
degree averpower even the force of gravity, and accimu-
Jate.more matter round the Equator, becaufe the centri-’
Jfugal force is greateft there ; hence the true figure of the
earth is an oblate fpheroid, or like an orange, 35 miles
more in diameter at the equator than at the poles. This
was proved by an atual menfuration, and is explained
by the whirling rings.

This oblate figure proves its diurnal motion 5 if it was
at reft it would be neceflarily a perfe& fphere. We per~
ceive not this motion, becaufe the air, in which we live,
partaking of the general gravitation, is carried round
along with the earth, When a fhip turns round, if we
look out at the cabin windows, we believe ourlelves at
reft, and the neighbouring country turning round us;
—we are deceived in Jike manner in the motion of the

earth,
' L Where
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Where there is no reflection from contiguous objelts,.
a globe can but be one half enlightened by a luminoas
body ; hence, if a globe turns round, there muft be a
fucceflion of light and darknefs, or day and night, to its
inhabitants,

Had a globe no other motion, there could be no varicty
in its feafons or length of days. As gravity decreafes
according to the fquares of the diftances, it follows that
if one body move round another as its centre of motion,
the fquare of its periodic times will be as che cube of its
diftance from that body ; this holds precifely with re-
gard to the planets and their meoons. The planets
fometimes appear to_fand fIill, fometimes to go backwards;
this muft always be the cafe where one body moves nearly
in the fame plane, and circular within that of another
moving body. The eclipfes. of Jupiter’s fatellites ap-~
pear later’ to us by (6 minutes at one time of our year
than at another. ’Tis matter of obfervation that all the
planets revolve round the fun. From all which we are
certain that the earth goes.round the fun, and not the {un
round the earth.. '

We know the pdth our earth defcribes in the heavens,
by obferving zhat which the fun feems to'defcribe in the
oppofite part of the heavens. We find one ftar without
any apparent motion, fituated 23 degrees and a half from
the axis of this orbit, and which is occafioned by being
oppofite to one of the poles of our earth, and thence
. called the polar ftar ; hence we difcover that fublime con-
trivance the inclined axis fof the earth, which keeping
always parallel to itfelf, occafioning the different feafons,
and different lengths of day and night; diffufing equal-
ly, over the face of both hemifpheres, the bleflings of
the fun,

The
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"The axis {o difpofed will neceilarily bring the northe
s@rn and fouthern parts of the earth alternately to the {un,
therefore when it is fummer in the worth it will be winter
in the fouth, and vice verfa. 8o far on each fide the
equator as the fun at any time of the year fhines vertical=
ly, is called the torrid zone, and it is bounded by two
imaginary lines ; that to the north is called the tropic of
cancer, and that to the fouth, the tropic of capricorn.
When the fun fhines vertically over the firft, he muft
fhine 23 degrees and a balf further than the north pole,
- and will not therefore fet for many days together to the
inhabitants of the mrtﬁ frigid zone,—but it will be then
total darknefs (the fame time) to thole of the fouthern
frigid zone ; hence the poles mu/? but have one day and
one night in the year, Thefe two zones are bounded by
lines alfo, the north called the artic, the fouth the ant-
arétic circle, The intermediate {paces between the tor-
rid and frigid zones are called the temperate zones,

- In the northern hemifphere the wernal equinox (or
equal day and night in the f{pring) is on the 20th of’
of March ; and-the autumnal equinox is on the 23d of
September : In the fouthern hemifphere the contrary.
At the equinoxes the {un fhines over the equator ; at the
Jolftices he is 23 degrees ard a half from the equator.

‘The meridian of any place is a femicircle pafling
through it, cutting the equator at right angles, and ter-
minating in the poles. The earth’s circumference is
360 degrees, each near 70 Englifh miles, and as the earth
turns round its axis in 24 hours, each meridian revolves
15 degrees in an hour, for 24x15—360. Therefore
every place to the eaffward of another has its hours foon-
er; if weffward, fo much later,

The longitude of any place is the number of degrees
between its meridian, and the meridian of any place, from
L.z - whence
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whence the longitude is reckoned, and is deemed ¢ or
wefl according as itis fituated. The eclipfes of Fupiter's
Jatellites afford a method of finding the longitude, thus;
fuppofe an eclipfe of any fatel/ite happens in London at fix
in the morning, and that it is {een at another place at four
in the morning, the difference of time is two hours,
which anfwers to 3o degrees weflt of London, Thele
obfervations the motion of a fhip hinders from being made
at fea;—and hence may be percewed the extreme utlllty
of a regular time-keeper,

The latitude of a place is fo many degrees as it is from
the equator; if to the north, it is faid to be in narth lati=
tude; if to the fouth of the equator, in fouth latitude ;—
hence bj,r the lines of latitude and longitude, the face of a
globe is' covered with imaginary fgiares, by which the
fituation of every fpot on the face of the earth is as ex-
altly aflcertained as the parts nf an eftate are by its hedgf:s
and ditches.

The rational horizen of a place extends go degrees from
it on all fides. The fenfible horizon is the boundary of the
obferver’s fight,

The ecliptic is that circle in the heavens through which
the earth makes its revolution round the fun,—and it is
diftinguithed by confpicuous fixed ftars called figns or con-
ftellations, fuch as Aries, Taurnus, Gemini, Gancer, Les,
&¢. The zodiac extends to eight degrees on each fide of
the ecliptic, and with it round the heavens.

The four continents of the earth are Eurepe, Ajia,
Africa, and America. The oceans are the Northern, the
Atlantic, the Ethiopic, the Indian, the Pacific, and the
Southern Oceans. 'The unknown parts of the earth con-
tain 160,566,276 fquare miles; the inhabited parts

383
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98,990,569, i.e. Europe 4,456,065 ; Afia m,?ﬁﬁ,ggﬂ
Africa 9,654,807; America 14,110,874, In all
199,550,845; which is the number of fquare miles on
the whole furface af our globe., |

When a round ball has the different countries, king-
doms, towns, and rivers delineated upon it agreeable to
their fituations, it is.a réprefentation of the e:t.rth If an
hollow fpherical ball could have the fixed ftars properly
marked on its infide, with the fun, moon, and planets,
it would be a repre(entation of the heavens to an eye placed
in its centre ; ‘but this being inconvenient, the fixed ftars
are placed on an opake globe, and the fun and planets re-
prefented by patches placed on the -::cIsptu:, becaufe they
are continually ::hangmﬂ* their places,

L3 ExCulalieReF. X,

O i Vil O% O Sy

THF moon is no planet, but only a fatellite, or an at-
tendant on the earth, The farther any planet is
from the fun, the more occafion it has for fi uch an hel p to
its light; hénce Mercury and Venus are without moons,
as bemg_ near the fun; but Jupiter has four, and Saturn
five, becaufe of their diftance from it.

The moon’s face abounds with great inequalities, and
hence fhe refleéts a more chafte and agreeable light than if
her forface was fmooth. She always keeps the fame face
towards us (fome fay becaufe the quality of that fide of
her is more adapted to catch the attraction of the earth
than the other) and confequently muft turn once round

on her axis, while fhe goes once round the earth in her
orbit,
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ovbit, Her perisdical revolution, or time of going round
from one point of her orbitto the fame point again, is
27 days % hours 43 minutes: Buther fynodical revolution,
or time from change to change, is 29 days 12 hours 44
minutes ;—this difference is caufed by what the earth has
advanced in the ecliptic during that time, which is 29
one-tenth degrees., (lilufirated by the Orrery and Fergu=
[fon’s paradox. ) , . ,

The moon’s diftance, found by her parallax, is 240,000
miles. Her diameter 2180 mﬂesj—and fhe moves about
22g0 miles every hour.

“T'he mson has no light of her-own, but .only reflels
the beams of the fun, as a polithed body does the light of
a candle ;—hence, as theis a globe, we muft fometimes
{ce more fometimes Jefs of herenlightened fide, wiz. when
fhe is between us and the fup, her dark fide is towards
us, and thercfore fhe difappears; as {hieadvances forward
we fee a fmall pait of her enlightened fide, and call it the
wew maon; before next evening fhe is got a few degrees
farther to the eaft and we fee zore of her illumin’d fide ;---
every evening we find her advanced till fhe rifes in the
ealt in oppofition to the fun in the weft, and then her
whole enlightened face is towards us, and we fay fhe is
at the fuil ; her decline is from the fame reafons; and a
ball over a gate enlightened by the fun conveys a clear
idea of both. (llufirated by the Orrery. )

The carth is a meon to the moon, waxing and waning
as fhe does; it appears 13 times as-large to the lunarians
as the moon does to us, affording them both an ufeful
and an amazing fpeétacle, for its continents and feas may
be plainly perceived by them, as well as its rapid motion

“yvound its axis. (Proved by the Orrery.)

The
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The planets as well as their fatellites being enlighiened
by the fun, mult caft fadows towards that part of the hea-
vens oppofite to thefun. Was the earth bigger than the
fun, its fhadow would fpread and extend far beyond the .
orbit of Mars, -and confequently eclipfe bim, for he is but -
42 millions of miles' from the earth, when they are in
conjunction ; but the ‘earth’s fhadow never reaches him,
therefore it muft end in.a point much thort of that dif-
tance ; another proof how much the f{unis bigger than
the earth: But the moon is eclipfed when fthe falls
into the earth’s fhadow, which;, for the reafons above,
can never happen but when fhe is at the fa/l, becaufe
that is the only time when fhe is oppofite to him ; but
" was fhe a Juminous body {he could not be darkened by the .
earth’s fhadow. (Proved by a real fun and moon. )

The fun'is eclipled when the moon pafles direétly be-
tween him and any part of the earth ; this can only hap-
pen at the chaige of the moan. (Proved in like manner.)

Was the moon’s orbit in the plane of the earth’s path
round the fun, {he would be eclipfed every time the came
to the fu/l, and would eclipfe the fun every time the came
to the change ; but one half of herorbit is on the ngrth Jids
of the ecliptic, and the other half on the fouth fide of it,
and muft therefore cut the ecliptic'in two oppofite points
called the mosn’s nodes. 'The angle of this orbit with the
ecliptic is g degrees and one-third, (Shewn on the Orrery.)

When the moon is at full, above 12 degrees from either
of thefe nodes, fhe paffes clear of the earth’s thadow, and
cannot be eclipfed ; and when fhe changes above 18 de-
grees from cither of them, fhe pafles either above or below
‘the fun, and therefore cannot eclipfe him : But if {he be
at full or change within thofe diitances, then an eclipfe
happens; and if fhe be iz the node, the eclipfe is central.
(Explained by the Orrery.) o
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If thefe nodes kept always in the fame figns of the eclip-
tic, the fun and moon would always be eclipfed in the
fame places and at the fame #ime every year ; — but the
eclipfes fall bact every year from the eaft to the weft, in
fuch a'manner as to prove that the moon’s orbit msves
backwards 1g degrees one-third every year, fo that in 18
vears and 225 days there is a period or reftitution of the
fame eclipfes ; and they then appear in the fame places
and the fame time as before:  (IV/ufirated by the Orrery.

The earth and moon are chained to one another as it
were by their mutual attr afiisn, which, like the {fun and
planets, is in proportion to their quantities of matter, If
an heavy and light ball be tied to the two ends of a {tring
a yard long, and toffed up into the air, they will form to
themfelves a centre of gravity. On this centre of gravity
the earth and moon revolve in equilibrio, and its diftance
from their centres is inver{ely as their quantities of matter,
wiz. 6000 miles from the earth's ; confequently the centre
of gravity forms the real orbit, and makes the earth 12000
miles nearer the fun at the time of full moon, than at the
time of change.  This is demonfirable by the fun’s appear-
“ing fo much larger at the full than at the change nf the

moon, . (Proved by the whirling tables.)

The further any part of the earth is from this centre of
sravity, the greater is its tendency to fly off in a tangent, .-
therefore the fide of the carth which is turned away from
the moon has a greater centrifugal motion than its centre
has: And this centre a greater than the fide next the moon.
At the earth’s centre, the moon’s attraction balances the
centrifugal force, but muft be fronger than the centrifugal
tforce of the fide of the earth next her, and weater than the

centrifugal force of the fide farthe/f framber. Asthe moon’s
attra@ion is greater than the centrifugal force on that fide
of the earth next the moon, of courfe the #ide will rife on

that fide ; But as the centrifugal force on the nppn{ﬁ;e :
' ' ide
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fide is greater than the moon’s attraltion, the tide will alfa
rifeon that fide ; hence thereafon of fzvs tides in 25 hours.

( Proved by the tide table).

The fun agitates the water in proportion to the moon
as 3t0 10 ; therefore; when the fun and moon draw in the
Jfame direfiion, they caule a fpring tide, and this happens
at the change of the moon. If the earth had no moon, the
fun would caufe a fmall tide in its oceans, therefore at the
full of moon fpring tides happen as well as at the change,
for the fun’s centrifugal tide being reinforced-by the moon’s
attraction, and the moon’s centrifugal tide by the fun’s at-
traction, fpring tides happen both at full and change of the
moon ; but at the quarters when they attra& in contrazy
direitions, they deltroy the effets of each other in a degree,
and then we have neap f1des. At the equinoxes the fun and
moon being both on or near the equator, their attraction is
_ imore in a J/ize than at moft other feafons, hence the prodi-

gious tides which generally follow thefe feafons. A planet
alfo falling in conjunétion with the fun and moon, will in-
creafe the tides ftill more.  (Shewn by the tide tables, )

The air being a fluid much lighter than water, is more
affected by the moon’s attraction; and we find that people
difordered in their fenfes are much worfe when the fpring
tides are in the air, which tides are, as in the other ele-
ment, at the full and change of the moon.

To the inhabitants fituated at a confiderable diftance
from the equator, the different parts of the ecliptic rife at
very different angles with the horizon. In northern lati-
tudes, the figns Pifces and Aries rile with the fmalleft
angles ; Virgo and Libra with the greatef?; therefore when
the moon is in Pifces and Aries the muft rife nearly at the
Jfame hour for fix or feven days together, In winter the
moon is in thofe figns about the time of her firft quarter,

M but
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but as fhe muft then rife about ncon, that rifing is not ta—
ken notice of. In fpring the moon is in them about her
change, but as the then gives o light, her rifing is allo un-
noticed. In fummer fhe rifes in Pifies aud Aries, about
her third quarter, but at ‘twelve o’clock at night, confe-
quently the phenomenon is feldom then regarded ; but in
autumn thofe Gigns are oppofite to the fun, and therefore
the moon muft-be fu/l in them, and, very ufefully for
the farmers, rifes in their harvelt immediately after fun-
fet for feveral evenings together, and thence acquires the
name of the barvefi moon. (Proved by the Orrery and
Globe.)

LB G R Ry ol it ells
AT G SR Orgec Nt Ema b Sl

H.E planets are retained in their orbits by the power
of gravity ;---but as the {un is by far the largeft body
- in our fyftem, if no other power aéted on them they would
be drawn down to the fun.. Allbodies therefore that move

in curves, as the planets do round the fun, muft be acted
upon by two principles; and motion being reffilineal, we
fuppofe the Almighty gave each planet this kind of impulfe
at its creation, fo that between one power drawing to the
centre, and another aing perpendicular to it,. the planets
are impelled in eliptic orbits round the fun, as a pebble
tied to a mill-ftone, and thrown from the hand, would re-
volve round the mill-ftone.  An idea of this is given by a
ball impelled fingly in a {quare in two direétions, one per-

pendicular to the other ;. when beth uét they give the di-
agonal of the fquare, &c.

Qur fyftem: muft be conceived as within the concave

fphere feeming to be formed by the fixed flars, and the fun
as near the centre of it, an huge globe of fire, near a mil-
Jion of miles in diameter, and near 100 millions of miles

“ from
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tfrom the earth, according to calculations made from the
aranfits of Venus,---He turns round on his axis in 25 days
and § bours, as may be feen by fpots on his face ; and was
no doubt intended to give light, heat, andvegetation to
'the fix primary and ten fecondary planets which revolve
round him.

All thefe planets ‘move round the fun from wef?, by
fouth, to eafl, in orbits nearly circular, and almoft in the
fame plane. The comets move in all manner of direétions,
in orbits which are very long ellipfes, much inclined to
.one another, and to the orbits of all the planets. The
tails of comets are only thin vapours, for if they were flame
so ftar could be feen through them,

The time in which any planet goes round the fun, is the
length of its year, and the time in which it turns round on
Ats axis, is the length of its day and night taken together, as
~ xeprelented on the Qrrery.

The neareft planet to the fun is Mercury 3 he goes round
him in 87 days 23 hours, is about 3000 Englifh miles in
diameter, and diftant from the fun 42 millions of miles ;
he moves in his orbit about yoo thoufand miles every
hour ; the length of his days and nights are unknown,
being but 56 times the fun’s apparent diameter from him,
he fets and rifes too near the fun for any oblervations to be

made of his fpots.

Venus goes round the fun in 224 days 17 hours, her
diameter is near 7,goo miles, her diftance from the fun is
g millions of miles, her hourly motion in her orbit is 69
thoufand miles, and fhe turns round on her axis in 24 days
8 hours of our time. By her axis inclining 75 degrees
from a perpendicular to her orbit, fhe has two fummers

and two winters at her equator, .
Her
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Her orbit alfo deviates three one-half degrees from the
plane of the ecliptic, fo that fhe has two nodes, or places
where the croffes the ecliptic, one in the 14th degree of
Gemini, and the other in the 14th of Sagittarius. If the
earth happens to bein thofe figns when fbe is, then we fee
her tranfit over the fun’s face, a phenomenon which hap-
pened the 1ft of April 1761, and gave the aftronomers
the opportunity of calculating the fun’s parallax (wiz
71/ 40" ) and of confequence his diftange, as well as that
of the planets. |

T'he earth is the next planet in the order of the fyftem,

Mars, fill higher in the fyftem, is 167 millions of miles
diftant from the fun, moves at the rate of 47,000 miles
an hour, goes round the funin 678 days, and turns round
on his axis in 23 hours 39 minutes and 22 feconds, at 2
medium, according to Mr. Herfchall’s obfervations, on a
fpot on the face of Mars ; though he obferves his motion
not to be regular. He is about one-fifth as large as our
earth; his red appearance is occafioned by a grofs thick at-
mofphere with which heis furrounded, and which is fup-
pofed to fupply his want of a moon. ' 2

Fupiter, the largeft of the planets, is 570 millons of
miles diftant from the fun, and above 400 millons from

" our orbit; he moves round the fun in about 12 years of

our time, at the rate of go,coo miles per hour; he is near
go,000 miles in diameter (i. e. near 1000 times as large as
our earth) is accompanied by four moons, fome bigger
and fome lefs than the earth, which reveolve round him
as our moon does round us; and the faint fubftances on
his face, called his belts, are fuppofed to be parts of his
atmofphere drawn into lines by bis exceeding quick revo-
lution on his axis, which is onee in ¢ hours 49 mi-
nutes. |

Sﬁfﬂmj
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Saturn, the fecond in magnitude, and hitherto confi-
dered the moft diftantof all the planets, is 949 millions of
miles from the fun;—near 70,000 miles diameter ;—
moves at the rate of 18,000 miles per hour,—but is too
remote for his fpots to be feen. He is equipt with flve
moons, befides g broad lumincus ring which alfo refleéts the
fun's light firongly upon him, T his planet js near go of
our years in making his revolution round the fun.

The Georgium fidius (or rather the Herfball) fo called
by its ingenious and indefatigable difcoverer Mr, Herfhall 5
was firft difcovered near one of the feet of Gemini ; its
j,rt:ar is calculated to be 82 £ of ours, its diftance twice that
of Saturn from the fun, and its fize 1co times as large as
our earth,

Thefe calculations are the lateft and moft accurate that
have been made; they are given in round numbers, to
cafe the memory ; and are founded on mathematical as
well as occular certainty.

By an attempt at the fame kind of calculatioh to find
the diftance of the fixed flars, “twas found that the whole
diameter of the earth’s orbit would not make a pai'a!fax or
angle with the nearefl of them ! T'heir diftance therefore
muft be inconceivably great. Light diminifhing as the
fquares of the diftances increafle, the fun’s rays therefore
cannot enhghten the fixed ftars; and a telefcope which
magmﬁﬂzi 400 times does not fenfibly magnify them; ’tis
therefore highly probable they are funs like ours, fhine by
their own unborrowed luftre, were not intended for our
fervice, bui to givelight, heat, &c. to {yftems of worlds
of their own, formed probably for the fame purpofes as
ours, though too remote for our eyes affifted by the beft
glafles to perceive. We find the worlds of our fyftem
covered with continents, feas, hills, &c. Who can doubt
‘;hert:fﬂre but they are inhabited, as well as all the worlds

of
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of the other fyftems ! How much too big is this ided for
the human imagination ! By the latcimproved telefcopes
thirty thoufand of thefe funs-have been found more than
the naked eye can perceive ! --- were our glafies ftill better,
we fhould, no doubt, find more---"tis not improbable
there may be ftars fo diftant that their light has not reached
the earth fince the creation. Mainy of thofe ftars appear
double, and coloured green, blue, red, violet, &c.

-

Let us on the wings of imagination then launch inte
the immenfity of fpace, and behold [i/lem beyond Sfiflem,
above us, below us, to the eaft, the wgf, the north, the
Youth ! Let us ge o far as to fee our fun but a flar among
the reft, and our fyftem itfelf as a point, and we fhali
but even then find ourfelves on the confines of creation!
How inadequate then muft be the utmot {tretch of human
faculties, to a conception of that amazing Deity who
made and governs the wholel Should not the natrow
prejudices, the littlenefs of human pride foften imto hu-

mility at this thought ?

s o EXPL A-
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Of fuch uncommon Words as cannot, without
atfectation, be omitted in this CouRrsE.

B §0 R B, todrinkin..
Aeid, four.
Accelerated, haltened,

forward.
Accumulate, to heap up.
Adhofion, the fticking together.
Affinity, related to, having an
affeétion for,

Alkali, fixed falt, or fubftan-
ces fermenting with acids.
Analogy, likenels, proportion.
AMpparatus, inftruments for ex-

periments.
Alttraction, a drawing together.
. Axis, an axle on which any thing
turns..

hurried

G

Gapiliary, [mall as an hain.

Cales, the earth or cinders of a
metal.

Centrifugal, adireftion piventoa
body different from - that in
clining to the centre.

Centripetal, tending towards the
centre.

Cobefion, clinging or flicking
together,

Gollateral, lying fide by fide.

Comprefs, to fqueeze together.

Goncave, fpherically hollow.

Condenfe, to bring the parts of
matter clofe together.

Contact, touching each other.

Convex, fwelling [pherically
outwards.

GConverge, to draw towards a
point,

Cryflallization, falts fhooting
into their ufual forms.

Cylinder,-like a rolling ftone.
D

Denfity, compaltuefs, clofenefs,

Diagonal, the line runnipg be-
tween oppofite corners of a
Iquare.

Diyerge, to [pread out.

Egullition, abubbling like boil-

ing water.

Elafiic, having a fpring.

Edectrometer, an eledtrical page,

Effervefcence, a ferment or dif-
charge of fixed air, a waxing
hot.

Ellipfes, an oval line or furface.

T.B

Fitre, a fmall ftring.

flaccid, lax, loole, or flabby..

Fulcrum, a prop or puint of
fupport.

Frigorific, chill, or caufing cold,

G ;

Gravity, weight, or the ten-
‘dency one body has to another,
H
Hemifphere, half a globe,
Hermetically fealed, tube f{ealed
with melted glafs.
Hypothefis, a fuppofition.
|

[mmer/fe, to dip or plunge in.
Impel, to drive onwards.
Incomprefible, not to
fqueezed into lels compaf
Ireis

be
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Incidence, a falling or lighting
on, .
Iufulate, tocut off, likean ifland
Interftices, intervals, or inter-
mediate {paces.
L
Lateral, fideway.
L m:g:::m’;ndf lengthwife.
M

¢

Mﬁd;ﬂﬂ, a means of conveyance.
Momentum, the moving force of
a body.
O
ﬂ:ﬁ:’:gw, crocked, inclining.
Orbit, the track deferibed by a
planet round the fun.
P'
Particles, exceeding fmall parts.
Percuffion, ftriking, or the effeéts
of a ftroke. -
P:/r?’am:a, to bore through.
Pifton, a moveable plug, jult fit-
ting a pipe.
henomenon, an appenrance in
nature.
Phlogiflon, the priociple c-f' in-
flammability in bodies,
Pores, fmall interftices in bodies.
Preponderate, to: dekcnd be
heavier.
Projectile, a hod;.r in monnn,
calt or thruwn
R
Rarefy, to thin, to make denfe
matter weaker.
Refieition, rebounding b1-::k re-
turmng
Reciprocal, mutunal, relative.
Refrafl, to incline, or break.
Refervoir, a ciltern, or head for;
a referve of water,

83]

Tube, a pipe.

N T S

Ieu

'Ra:wr&ff‘m‘:, to hcat hzu:k to

L

echo,

Rotation, returning abone. )

Saturation, ﬂ'.bfm‘ptiﬁn - d-rfnki*ng

in, &c,

Swret ¢y to feparate.
S.fry"brmm, the feat of pcrf:epnmi

in the brain.

Solution, a folid diffulved in 2

fAuid.

Speciesy fort or kind, :
Specific, peculiar, bulk for bulk'
Spiral, like a rope coiled round.
Subterraneons, within the earth.
Sublimation, f.!}ﬂi”.'atmn {:-F dry

fubftances.

Syphon, a bent tube, or crane,
Syftent, cnmpul"ng d ge’neral

itrufture.

L]

Tangent, a fraight line touching

the circumference of a circle.

Tangible, capable Df being ful;

or handlﬂd.

Tenacity, a cl inging tngether. '

‘enfion, a ftretching out.

Tranfit, the palling of a planef

before the face of anothez;, or
the fun. £

'
Vacunm, a fpace devoid of air.

Valve, a trap deor, letting a fluid

come thro’ but nﬂt' return.
Pefocity, the moving {peed.
Vertex, the point at the top of
any thmg

Vibrate, to fwing asd pendulum.
Usdulating, moving in waves. .
Volatile, I'ubjeﬂ to c?apura.te or

[

fly off.

N



