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ADVERTISEMENT.

Short Analyfis of my Leftures
£ A& . paving been called for by feveral
Perfons who attended them, I have drawn
up the following one, for the ufe of
thofe who may want fuch a belp to
their memory.——But my intention be-
ing to make it as concife as poffible, I
beg leavve to refer thofe wha chuofe to
bave the Leflures at large, together
with accurate Plates of the Apparatus
on which they are read, to my itwo
Books *, printed for, and fold by Mr.
Mivrvar, Bookfeller in the Strand,
London.

o

* 1, LECTURES on Sele& Subjes in
Mechanics, Hydroftatics, Pneumatics, and Optics;
with the Ufe of the Glodes, the Art of Dialing, and

"the Calculation of the mean Times of New and Ful!
Moons, and Eclipfes.

2. ASTRONOMY explained upon Sir Isaac.
Newron’s Principles, and made eafy to thofe who
have not ftudied Adatbematics.
~ N. B. In this booky the methad of calculating the irue
Times of New and Full Meons and Eclipfes is ex-

Plained:
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AN Y Gentleman, in or near London, may bave this’

Courfe of Leflures read at bis Houfe, for Twelve
Guineas, or any fingle Lefture for One Guinea, over
gnd above the charge of carrying the Apparatus.

Or, if twenty perfons [ubjeribe a Guinea each, they
may bave the whole Courfe read, any where in London,

or within Ten Miles of it.—Greater diftances require
larger [ubfcriptions.

The Author teaches the Ulfe of the Globes in a Month,
attending one Hour every Day (Sunday excepted) for
Two Guineas at home 3 or Four Guineas abroad, if not
more than a Mile from bis boufe. Thofe who are taught
abread, provide Globes for themfelves—He alfo teaches
pratiical Geometry by the Scale and Compalfes, the Con-
Jhruétion of Maps, the Projefiion of the Sphere, the
Principles of Dialing, and the Calculation of New and
Full Moons and Eclipfes 5 on the fame Terms.

His ASTRONOMICAL RQIULA, fbewing the
Day of the Month, Change and Age of the Moon, the
Places of the Sun and Mam in Ibe Ecliptic, with the
Times of all the Eclipfes of the Sun and Moon, from

A.D. 1752 to A.D. 1800, is fold at bis Houfe for
Five Shillings and Six-pence.

Likewife, bis NEW ASTRONOMICAL IN-
STRUMENT, jbewing all the above problems except
the Eclipfes, and inflead of them the Rifing, Soutbing,
and Setting of the Sun, Moon, and Stars, in the Latt=
tude of London, is fold at the fame Price.

Andybis LUMINARIUM, a finall Infirument (about
the fize of a common card) folving all the above pro-

blems, except thofe relating to the Stars and Ec:!:pj&.g,
be [elis for Twao Shillings.

ANALYSIS



AN ALY S TS

OF A

Course of L.ECTUREs.

BAESCT U
On M B C HVR Nil'€E:E:

HEN twe bodies are fufpended upon any

\;g; machine or engine, {o as to act againft one

| another, if the engine be put into motion,

and the perpendicular afcent of one body be to the

perpendicular defcent of the other in the inverfe ratio

of their weights, they will balance or fupport each
other.

Upon this principle, the force, power, or advan-
tage of any machine, whether fimple or compound,
is eafily computed : for it is always as much as the
velocity of the power applied to work the machine
1s greater than the velocity of the weight to be raifed,
or the refiftance to be overcome: proper allowance
being made for friction.

The machines whereby power is gained, are called
mechanical powers. They are {ix in number, viz. the
lever, the wheel and axle, the pulley, or rather fyftem
of pullies, the inclined plane, the wedge, and the
Jerew,—Of thefe, all forts of mechanical engines
do confift: and in treating of them, fo as to lettle
their Theory, we confider them as mathematically
exact and perfect, and moving without friction.

A Jever 1s a bar, turning upon a prop or eenter of
motion ; and is ufed either to raife weights, or to over-
come refiftances.—There are three kinds of levers;
and in each of them, the velocity of each point is
directly as its diftance from the prop.

5 A lever
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A lever is faid to be of the firlt kind, when the
prop is between the weight and the power.—Here,
the power and weight balance each other, when the
power is in proportion to the weight, as the diftance
of the weight from the prop is to the diftance of the
power from it. Of this fort are our iron crows,
fciffars, pincers, fnuffers, and the like.

A lever is faid to be of the fecond kind, when the
weight is between the prop and the power.—Here,
the power and weight balance each other, when the
power is in proportion to the weight, as the diftance
of the weight (or refiftance) from the prop is to the
diftance of the power from it. ©Of this fort are doors
- turning on hinges, rudders of fhips, oars; and fuch

cutting knives as are fixed at the point.,

A lever is {aid to be of the third kind, when the
power is between the weight and the prop. In this,
the power and we1ght balance each other, when the
power is ip propertion to the wﬂght as the diftance
of the weight from the prop is to the diftance of the'
power from it.  Of this fort are the bones of our legs
and arms, and the wheels of clocks and watches.

The bended lever differs in nothing but its form-
from a lever of the firft kind : its power is the fame,
and is applicable to thatof a hammer drawing a nail.

In the wbheel and axle, the velocity of the pnwer
is to the velocity of the weight, as the circumference
of the wheel is to the eircumference of the axle; and.
the advantage gained by this machine is directly in
the fame proportion: for the power and weight
balance each other, when the power is in proportion
to the weight, as the circumference of the axle is to-
the circumference of the wheel. This machine is the’
principal part in a common craze.

A pulley, that only turns on its axis, and does not’
rife with the weight, ferves only to change the direc--
tion of the power; for it gives no mechanical advan-

tage thereto.
fWhen,.



B

When, befides the upper pullies which tum
vound in a fixed block, there is a block of pul-
lies moving equally with the weight; the velo-
city ‘of the weight is to the velocity of the power,
as 1 1s to twice the number of pullies in the move-
able block: and the power and weight balance
each other, when the power is in prggurtinn to the
weight, as 1 1s to twice the number of pullies in the
moveable block. AP
- A weight raifed, or a refiftance moved, by an
snclined plane; moves only through a fpace equal to
the height or thicknefs of that plane, in the time
that the power drives the plane through a fpace equal
to its wholes length.  Hence, the velocity of the
power is 1n proportion to the velocity of the weight,
as the length of the pline is to its thicknefs
or height; and the power and weight balance each
~other, when the power is (proportioned to the weight,
as the thicknefs of the plane is to its length.— Al
edge-tools which are chamfered only on one fide are
\dnclined planes, as far as the chamfer goes from
 the edge. g
- A wedge, in the common form, is like two in-
' clined planes joined together at their bafes; and the
thicknefs or height of thefe planes make the back of
 the wedge, to which the power is applied in cleaving
'.:,ﬂf wood. q i .
'« When two equal refiftances a&t perpendicularly
~againit oppoflite fides of the wedge, anda power
 adts perpendicularly againft the back of the wedge,
" the welocity of the power 1s in proportion to the
- welocity of the refiftance, on each fide, as the length
of the wedge is to half the thicknefs of its back : and
‘the power balances the refiftance of the wool, when
the power is in proportion ‘to the refiftancé, as half
. the thicknefs of the back of the wedge is to its whole

g

iﬁimgth, if the fharp edge goes to the bottom of the
@lefr in the 'weod.  Bur when the wood: fplits before
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the wedge, as it generally does, the velocity of the
refiftance on each fide is to the velocity of the power
ating on the wedge, as half the thicknefs of the
+ wedge is to the whole length of the cleft. And in
this cafe, the power and refiftance balance each other,
when the power is to the refiftance, as half the thick-
nefs of the wedge (when it is driven quite into the
wood) is to the whole length of the cleft below the
back of the wedge.

The fcresw may be confidered as if it were an in-
clined plane wrapt round a cylinder; hence, the
power muft turn the cylinder quite round, in the
time that the weight or refiftance moves through
a fpace equal to the diftance between the fpirals or
threads of the fcrew. Therefore; the velocity
of the power is in proportion to the velocity of the
weight or refiftance, as the circumference of a circle
defcribed by the power, in one turn of the f{crew,
is to the diftance between the {pirals of the fcrew:
and the power and refiftance Ealance each other,
when the former is to the latter, as the diftance between
the fpirals is to the circumference of the circle de-
fcribed by the power.—This machine, befides the
advantage proper to itfelf, has generally the benefit
of the wheel and axle, on account of the handle or
lever by which it is turned. '

As the fcrew includes the inclined plane, and two
equally inclined planes make the wedge, we have
all the mechanical powers combined together in a
common jack, if it be turned by the fly: for then,
we have alfo the lever, the wheel and axle, and the
pullies.—If this machine be made ufe of for raiﬁn%
a weight, by a power applied to the fly, the power wil
balance the weight, if it be in proportion to the weight,
as the velocity of the weight is to the velocity of the fly.
Now, confidering how %a.ﬁ the fly moves with refpect|
to the motion of the weight, it is evident that a crafie;

conftruced in the manner of a common jack, waubli
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be an engine of very great power. But then the
time loit would alfo be very great. For in all
engines, the time loft in working them is as the °
power gained by them. If machines could be made
without friction, the leaft degree of power added to
that which balances the weight would be fufficient to
raife it.—In the lever, the fri€tion is next to nothing :
in the wheel and axle it is but fmall : 1in the puilies
it is very confiderable; and in the inclined plane,
wedge, and fcrew, it is very great. '

Pyrometers are machines for meafuring the expanfi~
on of metals by heat. They are madeof various forms,
which cannot be defcribed here. By two levers of
the third kind, moving an index by means of a thread
round a pulley on the axis of the index, a pyro-
meter may be made in a very {mall compafs, which
will thew the expanfion of metals to the 70,000dth
- part of an inch.

L ECELRE
O MECHANIC'S.

HE center of gravity of a body is a point, round
: which all the parts of the body balance each
other: and the body is moved by its own weight in
the fame manner that it would be, if its whole weight
acted in that point. Therefore, the weight of a body
will caufe it to fall, unlefs its center of gravity be fup-
ported.

If a perpendicular, let fall from the center of gra-
vity, falls within the bafe, or ground on which the
~ body is placed, the body will ftand: otherwife not.
A ¢ylinder is fupported on an inclined plane, by'a
power which is in proportion to the weight of the
cylinder, as the height or thicknefs of the plane is
to the length of the plane. If the power be lefs, the
cylinder will run down the plane; if greater, it will
be drawn up.—Hence, when the weight of a loaded

card
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¢art or waggon, and the angle of a hill’s height, are
given ; the power required to fupport the load may
be found. And if that power be encreafed, fo as to
overcome the friction of the wheels on their axles,
and the refiftance arifing from the inactivity of mat-
ter, the load will be drawn up.

‘Thus fuppofing the fide of the hill to be a fmooth
plane, and the angle of its height to be 7 degrees
10 minutes, the perpendicular height of the hill
is, in that cafe, equal to the eighth part of the
length of its fide: and the power that fupports the
ioad thereon is equal to an eighth part of the weight
of the load.

If the angle of height be 14 degrees 28 minutes,
the height of the hill is equal to a fourth part of the
length of its fide: and a power equal to a fourth
part of the load will fupport it.

If the angle of height be 22 degrees 2 minutes, the
height of the hill is equal to three eighth parts of the
length of its fide : and a power equal to three eighths
of the load will fupport it.

It the angle be 30 degrees oo minutes, the
beight of the hill is equal to half the length of its
fide : and a power equal to half the weight of the
load will fupport it on the hill,

Ir the angle be 38 degrees 41 minutes, the
height ot the hill is equal to five eighth parts of the
fength of the fide: and a power equal to the five
eighths of the weight of the load will fupport it.

If the angle be 48 degrees 35 minutes, the
height of the hill is equal to three quarters of the
tength of its fide : and a power equal to three quarters
of the weight of the load will {fupport it. .

If the angle of height be 61 degrees 3 minutes, the
height of the hill is equal to feven eighth parts of the
length of its fide : and a power equal to fevenp eighth
parts of the weight of the load will fupport it.

All
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All thefe cafes are experimentally proved by the
inclined plane ; which fhews, that the power or advan-
tage of that plane is as its length to the height.

It is proved, by working models of two waggons,
one of which has #road wheels and the other #arrow,
that broad wheels are juft as eafily drawn on hard
ground as narrow ones; and eafier on fandy ground,
becaufe they fink not {o deep into the earth.—It is alfo
plain by experiment, that let the wheels be either
broad or narrow, the waggon is much eafier drawn
on rough ground, when the heavieft part of the load
is put over the axle of the hind wheels, than when it
is put over the axle of the fore ones.

In water-mills, the velocity of the float-boards of
the wheel ought to be equal to a third part of the
velocity of the water where it turns the wheel : and
the train fhould be fuch, that the grinding-ftone may
make about 6o revolutions in a minute.

The number of rounds, or upright ftaves in the
trundle, fhould be no aliquot part of the number of
cogs in the wheel that turns the trundle : for then,
each cog will fall upon a different round from what
it did laft before ; and by that means they will all
wear more equally, than if it took the fame round

in each revolution. ' '

The engine by which the piles were driven at Weft-
minfter-Bridge was fo contrived, that whilft the
horfes that turned it went conftantly round, a weight
was drawn up by it to a great height, thenlet fall
freely on the top of the pile, and was immediately
followed by a pair of tongs which took hold of the
weight and drew it up again. A large fly regulated
the motion, and acted againft the herfes, to keep

‘them from falling forward when the weight dropt.
The tongs were nearly counterpoifed by another
weight,whofe line or rope wound round a fpiral fufee,
fo as to caufe the tongs to fall with a moderate and
uniform velocity.

el B2 LEC-
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LECTURYE 1L _
O HYDROSTATICS:

FANLUIDS prefs equally in all manner of direc-
: tions, as is fhewn by their motions in four glafs
tubes, open at each end; one tube being quite
firaight, another bent directly upward at the lower
end, a third bent fidewife to a right angle, and the
fourth bent obliquely. All thefe being put in water
near to their tops, the water rifes in each of them to
a level with the furface of that in which they are
immerfed.

- If a piece of lead, whofe upper fide is {lat, be put
into an empty veflel ; and a piece of wood, whofe
under f{ide 1s flat, be putupon the lead, fo as no water
may get between ; and the wood be held down till the
véffel be filled with water, the wood will remain upon
the lead at bottom: for it is then kept down both
by its own weight, and the weight of the water above
it the upward preffure of the water being prevented,
as none gets in between the Jead and the wood.

- If 2 wide tube, open at both ends, has a piece of
lead held clofe to its lower end, by a firing within
the tube, {o as no water can get between the lead
and the tube; and then, if the whole be immerfed
in water, till the depth of the lead below the furface
of the water in the veflel be almoft twelve times the
thicknefs of the lead, the ftring may then be let gos
for the lead will not fall away from the tube, becaufe
the upward prefiure of the water is greater than the
weight of the lead; and no water gets above it to
prefs it down.—But if the tube and lead be raifed, till
the depreflion of the lead below the furface of the
water 1n the vefle] be any- thing lefs than 113 times
the thicknefs of the lead, it will then fall off : which/
fhews, that lead is 11} times as heavy as its bulk of
Xvater, | it If]
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If quickfilver be poured into a wide tube, which
is clofe at bottom, to the height of an inch or two;
and one end of a fmall tube, which is open at both
ends, be immerfed in the quickfilver; if then the
large tube be filled to any height with water round
the fmall one, the weight of the water on the quick-
filver will prefs it upward in the {fmall tube, till its
height in that tube be a fourteenth part of the height
of the water around the tube. This thews that quick-
filver is fourteen times as heavy as water.

If a tube open at both ends has a bladder tied over
one eand, fo as the bladder may be flaccid, and then
fome water be poured into the tube, it will prefs the
bladder downward, and make it concave below the
- tube. But if that end be immerfed in a veflel of
water, till the furface of the water within the tube be
even with the furface of the water in the veflel with-
out it, the bladder will then be flattifh, as if it were
not prefled at all, becaufe it is equally prefled on both
fides.—If it be plunged deeper, it will be preft
upward, fo as to convex within the tube: if it be
raifed higher, it will be more preft downward than
upward, and be concave below the tube. And this
will hold equally, whatever the fize of the vefiel be,
in which the tube is immerfed : which fhews, that
the prefiure of fluids is in proportion to their perpen-
dicular height, without any regard to their quantity.

If a fmall tube be joined to a very large one, and
the whole be bent in the middle, fo as the two parts
may be either parallel, or make any angle; water
may be poured into either tube, and it will rife juft
- as high in the other, and fettle with furfaces parallel
to the horizon, when you leave off pouring; even

- though one tube fhould contain a thoufand or ten
~ thoufand times as much as the other does,—This alfo
- fhews, that fluids prefs in proportion to their perpen-
dicular heights,without any regard to their quantities s
and that water in pipes will afcend to the level of the
fpring, from whence it came, If
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if an empty phial, that is made heavy enough to
fink in water, be corked and fufpended at one end of
a balance, and then immerfed in water, and counter-
poifed by weights in a fcale hung to the other end
of the beam; upon pulling out the cork, and fo
letting water get in to fill the phial, it will immediate-
ly deicend, and will then require as much weight put
into the {cale to counterbalance it again, as will weigh
all the water in it, up to the neck, when taken out
and weighed againft this additional weight : which
thews, that fluids weigh juft as much in their own
element as out of it.

If a {mall tube about two feet long, and open at
both ends, has one end bent to a right angle, and the
open neck of a large bladder be tied round that end
it then the bladder be put into a box, and have a
board laid upon it'with twenty-five or thirty pound
weight of lead upon the beard ; and then the tube
be held upright, and water be poured into it, the
water will run into the bladder, and raife all the
weight : and by the time that che water ftands about
eighteen or twenty inches high in the tube, it will
fupport the weight; though the bore of the tube
fhould be fo fmall, as not to hold an ounce of
water. :

If a glafs, with a piece of light wood in it, be
filled up to the brim with water, and then weighed in
a balance,with the wood floating in the water ; it then
the wood be taken out, and the glafs filled up again
to the brim with water, it will be juft as heavy as
when the wood was in it: which proves, that a
quantity of water equal in bulk to the immerfed
part of the wood is equal in weight to the whole of
the wood; and confequently, that the quantity of
water difplaced by a fhip is equal to the weight of
the thip and her whole cargo.

The preflure of a fluid, upon the bottoms of all
veffels whatever, is proportional to their bafes and

2 pcE-
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perpendicular heights, without any regard to the
quantities they contain.—This is fhewn by two
veflels of equal heights and bafes, but of very dif-
ferent capacities, their bottoms being held up by
squal forces; for, at whatever height the water is
in one veflel when it prefles off the bottom, it does
the like when poured in to the fame height in the
other.

A fypbon will not run, unlefs the perpendicular
height of the column of fluid in the outer leg be
greater than the perpendicular height of the column
in the inner leg above the furface of the fluid in the
veflel in which that leg is partly immerfed.

By the Tantalus cup, and Fountain at command,
the caufe of intermitting fprings is explained.

L ECTIVY RE-IV

On SPECIFIC.GRAVITIES, and HY-
DRAULIC ENGINES. '

; Body heavier than its bulk of a fluid will fink
i therein 3 if lighter, it will fwim: if of equal
weight, it will reft any where between the top and
bottom of the fluid.

If a {olid body, heavier than its bulk of a fluid,
be immerfed and fufpended therein, it will lofe as
much of its weight as its bulk of the fluid weighs :
but the weight loft by the folid is gained by the fluid,
as is proved by experiment. Hence, all equal
bodies, immerfed and fufpended in a fluid, lofe equal
weights therein : and unequal bodies lofe weights
proportional to their bulks.
~ 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 fpe-
cific gravity. :

" By this trial, pure gold is found to be 19.63%
times as heavy as its bulk of water: Guinea goud
e §7
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17.793 times as heavy: quickfilver 14.c00 times
lead 11.325 times : ftandard filver 10.535: coppe
g.000: plate brafs 8.000: fteel 7.852: iron 7.645
and block tin 7.321 : A cubic foot of commor
water weighs 1000 avoirdupoife ounces ; and if th
decimal point be taken away from the above num
bers, and they reckoned to be whele, they will thew
how many ounces avoirdupoife are contained in ;
cubic foot of each of the above bodies.—Thus, :
cubic foot of pure gold weighs 19637 ounces; :
cubic foot of Guinea gold 177935 a cubic foet o
quickfilver 14000 ; and fo on.

A cubic inch of brafs lofes 2535 grains of it
aerial weight in water; in proof ipirits it lofes 23
grains. Hence, a cubic inch of water weighs 253

rains, and a cubic inch of proof fpirits 235.

The fpecific gravities of pure fpirits, proof ipirits
and water, are as 840, 923, and 1000.

In @ common pump, as the pifton is raifed, abow
what is called the fucking valve, the water rife
by the preffure of the atmofphere to the height o
33 feet, and no higher. 'Therefore, the bucke
muft go down to within 33 feet of the furface of th
water in the well; otherwife, the water will neve
et above the bucket, and the pump will not work

This thews, thata column of water 33 feet high
is juft as heavy asa column of air of the fam
thicknefs with that of the water, and reaching from
the earth’s furface to the top of the atmofphere.

But at any diftance leis than 33 feet from the
furface of the well, the water will rife above th
bucket ; and may then be lifted to any height what:
ever, by applying a fufficient degree of power tC
the handle.

In a forcing pump, the water rifes above the fucking
valve, by the preffure of the atmofphere, as in the
common pump. But inftead of a bucket, there i
a folid plunger that fits the pump-bore, fo as neithel

watel
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water nor air can get between. As the plunger is
raifed, it lifts up all the air above it, and the atmo-
{phere forceth the water up into the pump-barrel,
through the fucking valve, which being raifed by
the upward preffure of the water, falls down by its
own weight when the plunger.is raifed as far as it
can go by means of the handle ; for then, the wa-
ter being atreft below the plunger, gives the valve li-
berty to fall; and fo the valve hinders the water
from being pufhed back the fame way again by
the defcending plunger: but the defcent forceth the
water through another pipe, which opens into the
pump-barrel above the fucking valve ; and may be
forced to any given height in that pipe, or in a jetfrom
it, according to the degree of power applied to the
handle. An air-veffel is ixed to this pipe, by means of
which, as the air is condenfed within it, the water flows
out in a regular continued ftream.—The common en-
gine for extinguithing fire confifts of two forcing
pumps, with their air-veflels.

On this principle, engines are made for raifing
water above the level of rivers or {prings, to gen-
tlemen’s feats 3 and are fometimes worked by water,
fometimes by horfes. If fuch an engine has a
triple crank for working three pumps, all of them
throwing the water into one common conduit pipe,
there will be no occafion for an air-vefiel 3 becaufe
there will always be one or other of the plungers
going downward, which will force the water out in
a regular ftream.

| R O e - O o8
N P NEEFNMA T TCS.

THE ftructure of the principal parts of the
air-pump is fo much like that of the com-
mon water-pump, that whoever underftands the one,
will be at no lofs to underfiand the other. The

C chict
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chief ufe of this engine is t'D] exhauft the air out of’
glafs veffels, generally called recervers.

If a fmall receiver, open at both ends, be placed
over the hole in the pump plate, and a perfon claps
the palm of his hand on the top of the receiver,,
whilft another perfon exhaufts the air out of the
receiver, his hand will be held down fo faft by the
preflure of the atmefphere, that he cannot pull it off,
until the air be let into the receiver again.

If a guinea and the down of a feather be hung
within the top of a tall receiver, and let fall after
the air is exhaufted out of it, they will both fall at
the fame inftant on the pump plate whereon the
receiver ftands. |

1f a wet bladder be tied over the top of an open
receiver, then fet to dry, fo as to be tight like g
drum; and the receiver he then put upon the
pump plate, and the air exhaufted out of it, the
bladder will be broke by the weight of the atmo-
{phere. '

7 If the neck of a hollow glafs bubble be immerfed
in a phial of water, and covered with a clefe receiver,
and then the air be exhaufted out of it ; upon letting
the air in again, its preflure on the water in the phial
will force the water up into the bubble, {o as almoft
go fill it

If a bell be covered with a clofe receiver, and
the air be exhaufted out of it, the ftriking of the
clapper againft the fides of the bell will not be
heard.

If a pump be placed in water, under a receiver,
and the air be exhaufted, no water can be raifed
by working the pifton, until the air be let in again :
which thews, that the water rifes by the preflure of
the air; and pot by any fuch thing as fuction in
the pump. ’

It a {mall receiver be placed on the pump plate,

gt fome diftapce from the hole, and covered with 2

large
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large receiver over the hole; and then, if the air be
exhaufted owr of both receivers, the fmall one will
continue loofe on the plate, and the large one will
be preft down upon it. But, upon letting the air
into the big receiver, it will be releafed, and the
fmall one will be preft down : which thews, that the
reccivers are held down by prefiure, and not by fuc-
tion.

If a veflel be exhaufted of air, and then balanced
in a pair of fcales; upon letting the air into it again,
it will preponderate, and be found to weigh heavier,
by about 16 grains, for every quart it holds.

If a hole be made in the bottom of a cup, and
have a bit of dry hafel er willow branch fixed into
it, and the other end of the branch be fixed into a
hole in the top of ‘a receiver; if quickfilver be poured
into thecup, and the air be exhaufted out of the
receiver ‘below it, the quickfilver will be forced
through the pores of the branch, by the weight of
the incumbent air; and will falI like a fhower,
snto the receiver.

Ifa pipe be fixed into a plate which covers the
open end of a tall receiver, and the air be ex-
haufted ; if then the lower end of the pipe be im-
merfed into a bafon of water, the prefiure of the
air will force the water upward, fo as to make
2 fountain in the exhaufted receiver.

If the air be exhaufted out of two hemifpheri-
<al brafs cups, joined together only by a piece of
wet leather put between them ; if the diameter of
each cup be 5} inches, it will require a force equal
to 360 pounds to feparate them; fo firongly are
they held together by the prefiure of the outward
air.

If a tube about 31 or 32 inches long, and open
~ at one end, be filled with qmckﬁlwr, and the
open end be immerfed in a jar -in whlch there
is fome quickfilver, the quickfilver will fink in the

C 2 tube
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tube to the height at which it then ftands in the
barometer. If this jar and tube be placed on the
~ pump plate, and covered with a tall receiver,
clofe at top, and then the air be exhaufted out of the
- receiver, all the quickfilver will defcend out of the
tube into the jar: but, upon admitting the air again
into the receiver, it will prefs on the quickfilver in
the jar fo, as to drive it up into the tube, and fup-

ort it at the fame height therein as it ftands in the
Earumetcr which fhews, that the quickfilver in the
barometer is kept up fuleiy by thf: weight of the

air.
LE G TR E,: Y.
Orn PNEUMATICS.

F a leaden weight of three or four pounds be
fixed to the end of a fyringe, and the pifton be
- drawn up, the lead and fyringe will be forcibly
pt?med up on the pifton, by the upward preffure of
the air

If a large cork be exactly counterbalanced in
air by a piece of lead, and then covered with
a receiver ; upon exhauitmg the air, the cork will
Fr;;;nndﬁmte, and thew itfelt to be heavier than the
€

If a candle be fet on the pump plate, and covered
with a tall receiver that holds a gallon, the can-
dle will burn for one minute and no longer :
which fhews, that a gallon of frefh air is requifite
every minute to feed the flame of a candle. When
the flame goes out, the fmoke will continue to
afcend in the recciver ; but, on exhaufting the air
out of the receiver, the {fmoke will fall down to
the bortom of it on the pump plate. This fhews,
that fmoke is not devoid of weight, and that it
afcends in air, only becaufe it is lighter than air; as
wood afcends in water for the like reafon.

If
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If a little air be tied up in a bladder, and the
bladder be covered with a clofe receiver, upon éx-
haufting the air out of the receiver, the air confined
in the bladder will expand fo, as to make the
bladder appear full blown: but, upon admitting
air again into the receiver, the bladder will be
preft into its former fhrivelled ftate. |
- If the fame bladder be put into a box, and
have 16 or 20 pound weight of lead put upon it,
and then covered with a receiver ; upon exhaufting
the air out of the receiver, the air confined in
the bladder will raife up the leaden weights by
the force of its {pring. .

Moft forts of animals will die in the greateft
agonies in an exhaufted receiver.

If a tube, open at both ends, has one end immerfed
into a jar about a third part full of quickfilver, and
the tube be cemented (or fcrewed) into the jar, to
confine the air therein that lies above the quickfil-
ver, and the tube and jar be covered with a tall
feceiver ; on exhaufting the receiver, the air will
tome out of the tube by means of its {pring, and
the {pring of the air which is confined in the jar will
force the quickfilver up into the tube, as high as it
was raifed in a former experiment by the weight of
the air : which proves, that the fpring of the air is
equal to its preflure or weight.

If a tall receiver be exhaufted of air, and joined
by a pipe to a vefiel about half full of water, fo as
to be quite air-tight, the i?ring of the air that lies
above the water in the veffel will force the water up
into the receiver, and make a fountain therein.
~If a thrivelled apple be put uader a receiver, and
the receiver be exhaufted of air; the air confined
in the apple will plump it out, and make it look
quite frefh : but on letting the air into the receiver
again, its weight will reduce the apple to its for-
mer f(hrivelled ftate. i
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if a frefh apple be pricked all over with 2 bod+
kin, and put under a receiver ; upon exhaufting the
air out of the receiver, the air in the apple will
force the juice out through the holes mati by the
bodkin ; and make the apple look as if it were
roafting by a fire.

If a little of the fhell be cut off from the fmall-
eft end of afreth egg, and the ege be put under a
receiver ; on exhaufting the receiver, the bubble of
air .confined in the biggeft end, between the film
and fhell, will expand itfelf fo by the force of its
{pring, as to drive fout the contents of the egg
into the exhaufted receiver.

If a glafs of warm beer be put undef 4 receiver,
and the receiver be exhaufted, the beer will fhew all
the appearance of boiling, as the air comes out of it
by the force of its {pring.

If about a cubic inch of dry wainfcot be put into
a glafs of warm water, and covered with a receiver j
on exhaufting the air out of the receiver, the water
will feem to boil ; and a long time after it has done
bubbling, the air will continue to come out of the
wood in large and innumerable bubbles, which ftrik-
ing againft the fides of the glafs, and rebounding
againit the wood, will caufe it to dance to and from
in the water.

If a receiver be exhaufted of air, and then the
air be let into it through the flame of a candle, held
to the end of a pipe which opens into the receiver
through a brafs cover, the receiver will be filled
with burnt air. If then the cover be taken offy
and an animal be put into the receiver, it will die&
or if a lighted candle be put igto the receiver, it will
go out immediately,

LEGC:|
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LEECTUWURE. VI
Onthe USE of the GLLOBES,

HEN the earth’s fhadow falls upon the

moon, it is bounded by a circular line,
whatever fide of the earth be then turned toward
the moon.—This proves the earth to be a f{phe-
rical body, and not an extended plane. Its circum-
ference is found (by meafuring the length of fome
degrees on its furface) to be 25,038 Enghfh miles 3
and confequently its diameter is 79%o0.

All terreftrial bodies are attracted towards the
earth’s center ; and, therefore, nobody can fall from
any part of its furface any other way than toward it
center.—Hence, people ftands equally firm on all
fides of the earth.

The four principal continents are, Europe, Afia,
Africa, and America. -

The principal Oceans are, the Northern Ocean,
the Atlantic Ocean, the Ethiopic Ocean, the Indian
Ocean, the Pacific Ocean, the Southern Ocean,

According to meafurement from the beflt maps,
the feas and unknown parts contain 160,566,276
fquare rmIes theinhabited parts 38,990.569; Europe
4.456,065 3 Afia 10,768,823 3 Africa 9,654,807 3
America 14,110,874. Inall, 199,556,845 3 which
is the number of fqure miles on the whole furface of
our globe.

When a fpherical ball has the different countries
and kmgdums delineated upon it, and the rivers and
towns therein properly marked, it isa reprefentation
. of the earth : for the hills take off no more in compa-’

rifon from the roundnefs of the earth, than grains
of duft do from the roundnefs of a common
globe.

When a hollow fphﬂncal ball of glafs has the ftars
_ Pmperly marked on its infide, with the {un, moeon,

and
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and planets, it is a reprefentation of the vifible
heavens, to .an eye fuppofed to be placed in its
center.—But becaufe it would be impofiihle to have
thefe in a complete hollow ball of glafs, unlefs it
were made up of two hemifpheres joined together,
the ftars are Jaid down on the furface of an opake
globe. The fun and planets are continually changing:
their places, and therefore they cannot be marked any
other way than by a pencil or chalk eccafionally.

The chief problems which may be folved by a terreftrial
globe, properly fitted up, are as foliow.

1. To find the latitude and longitude of any
given place,
2. The latitude and longitude being given, to find
the place. : |

3. To find the difference of latitude, or difference
of longitude, between any two given places.

4. A place being given, to find all thofe places
which have the fame latitude or longitude with it.

5. To find the anteci, perieci, and antipodes of
any given place.

6. To find the diftance between any two given
places. |

7. A place being given, and its true diftance
from any other place, to find- all the other places
which are at the fame diftance from the given place.

8. The hour of the day at any place being given,
to find all thofe places where it is noon at that
time.

9. The hour at any place being given, to find
what o’clock it then is at any other place.

10. To find the fun’s place in the ecliptic, and his

declination.
 11. The day of the month being given, to find
all thofe places over which the fun will pafs verti-
cally on that day. - ‘

@ 12. &
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12. A place being given in the torrid zone, to
find thofe two days of the year on which the fun

fhall be vertical to that place.

13. To find all thofe places of the north frigid
zone where the fun begins to fhine conftantly with-
out fetting on any given day, from the 21ft of
March to the 23d of September.

14. To find to what place the fun is vertical at
any given time. '

15. The day and hour at any place being given,
to find all thofe places where the fun is then rifing,
or fetting, or on the meridian: confequently, all
thofe places which are enlightened at that time, and
thofe which are in the dark.

16. The day and hour of a lunar eclipfe being
given, to find all thofe places at which it will be
yilible. '

17. To reftify the globe for the latitude, zenith,
and fun’s place.

18. The latitude of any place not exceeding 66~
degrees being given, to find the time of fun-rifing
and fun-fetting at that place, |

19. The latitude of the place, and the day of
the month, being given; to find when the morning
twilight begins, and evening twilight ends.

20. To find on what day of the year the fun
begins to. fhine conftantly without fetting, at any
place of the north frigid zone: and how long he
continues to do fo.

21. To find in what latitude the fun fhines con-
{tantly, without fetting, for any length of time lefs
than 182 of our days and nights.

. 22. To find on what point of the compafs the
fun rifes, or fets, in any given latitude lefs than 66.%
degrees. b

23. The latitude, the fun’s place, and his alti-
tude, being given; to find the hour of the day,
and the fun’s azimuth. '

D 24. The
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24. The latitude, the fun’s place, and his azi
-iuth, being given 3 to find the hour of the day,
and the fun’s altitude.

25. The latitude, the fun’s place, and the hour
of the day, being given ; to find the fun’s altitude,
and his azimuth.

26. The latitude, the {fun’s place, and his- alti-
tude, being given; to find the variation of the
compafs.
 27. The latitude, the fun’s altitude, and his azi-
muth, being given; to find his place in the ecliptic,
the day of “the month, and the hour of the day ;
tlmurrh they had all heaa loft.

28, To find the length of the longeft day, at any
given place. -

29. The length of the longeft day, at any place
being given ; to find in what climate that place is.

30. To find in what latitude the longeft day i
of any given length lefs than 24 hours.

31, The latitude, and day of the month, being
given ; to find the hour of the day when the fur
ihines.

32. To explain the equation of time.

o o e:u:plam the phenomena of the harveft.
moon.

24. To explain the principles of dialing, and tc
conftruct a {un-dial on any plane, for any given la-
titude,

The chicf probiems which- may be folved by the ce-
leflial globe are !bfﬁr that fellow.

1. To find the right afcenfion and declination of
the fun, or of any fiar.
2. To find the latitude and longitude of any ftar.
To reprefent the face of the heavens at any
hm:r of the night.
4. To find “the time, on any given day, whep
any ftar will rife, or be on the meridian, or fet.

5. T¢
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7 To find at what time of the year a given ftar
‘will rife, or be upon the meridian, or fet, at-any
given hour.

- 6. Divers ways of finding the hour of the night
'b}' the ftars.

.To find the place of the moon, or of any
'planﬂt, on the glo’ae ; and the time of its rifing, or
{outhing, or fetting.

8. To explain the preceflion of the equinoxes.
 N. B. All problems relating to the fun may be
folved either by the celeftial or terreftrial globe. The
method of folving them would enlarge this treatife
‘much beyond the intended bulk : but it is to be
found in Mr. Harris’s book on the ufe of the
Globes, fold by Mr. Cole at the Orrery in Fleet-
ftreet; or in my book of Leltures, fold by Mr,
Millar, Bookfeller in the Strand.

I.ECT UR E . VIL

On the CENTRAL FORCES, and doFrine
of the TIDES.

AT TER, being mert, can neither move
nor ftop of itfelf, as is thewn by a ball on the
“whirling table s whmh neither begins to move when
the table moves, nor fteps when the motion of the
table is Ttopped.—Confequently, all motion is in its
own nature perpetual. And yet, no perpetual mo-
tion can be made by art, becaufe we can neither
annihilate friction, nor quite take off the refiftance
~of any medium.

' Mﬂtmn is rectilineal, when only one force or
power afts upon the moving body.  Theref ore,
‘when we fee a body move in a curve of any kind
‘whatever, we muift conclude it is acted upon: by
- two powers at lealt.

- All bodies moving in orbits, have a tendency to

ﬁy off from their orbits, and ‘move in right lines :
D 1 there-
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thetefore, to keep them in their orbits, fome a&tive
power mufit be conftantly drawing them, or impel-
ling them, toward the center of their orbits : as is
evident by a pebble whirled round one’s hand ina
fling.

The planets are retained in their orbits by the
power of gravity, and they are moved in their or-
bits by a projectile force impreflfed upon them at the
beginning.

If the power of gravity alone aéted on the planets,
it would bring them down to the fun.—If the pro-
jectile force acted alone on the planets, it would carry
them off in ftraight lines, which would be tangents
to their orbits.

The fun and planets mutually attract each other,
in proportion to their quantities of matter.—The
fun’s attraction is that which caufes or conttitutes
the gravitation of the planets.

The center of gravity of any two revolving bo-
dies is a point, round which they are in wquilibrio : its
diftance from their centers is inverfly as their quan-
tities of matter.

When one body moves round another, both ef
them muft move round their common ecenter of gra-
vity, as 1s plainly proved by experiment. Hence,
the largeft body in the folar fyftem could not re-
main immeveable, if any other body moved round
il

The quantity of matter in the fun is much great-
er than in all the planets put together. Therefore,
the common center of gravity between the fun and
planets is much nearer to the {un than to any planet
in the {yftem.

The common center of gravity between the fun
and all the planets is at reft: but the common cen- |
ter of gravity between any planet and its fatellite is |
moveable, and defcribes the orbit in which the planet |
irfelf would move if it had no fatellite. |

The|
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The comamon center of gravity between the earth .
&nd moon is 6000 miles from the earth’s center.—
As the earth and moon move round their common
center of gravity every month, the earth’s center
defcribes a circle of 12000 miles diameter in that
time: and confequently, the earth is 12000 miles
nearer the fun at the time of full moon, than at the
time of new moon. _ |

All parts of the earth have a tendency to fly off,
in proportion to their diftance from this common
center of gravity: therefore the fide of the earth
which is at any time turned away from the moon
has a greater centrifugal force, or tendency to fly off,
than the earth’s center has: and the earth’s center
has a greater centrifugal force, than that fide of the.
earth which is turned towards the moon.

At the earth’s center, the moon’s attraction ba-
lances the centrifugal force: confequently, her at-
traction on the fide next her is ftronger than the
centrifugal force of that fide ; and weaker than the
centrifugal force of the fide fartheft from her, As
the moon’s attration on the fide of the earth next
to her is greater than the centrifugal force of that

fide, her attraction caufeth the tide to rife on that fide.
' As the centrifugal force of the fide of the earth
fartheft from the moon is greater than the moon’s
- attraltion, the centrifugal force caufeth the tide to
rife on that fide.

The tides rife equally high, or acarly fo, at the
{fame time, on both fides of the earth; becaufe the
centrifugal force of the fide that is factheft from the
moon overbalances her attraftion very nearly as
much, as her attraétion on the fide next her over-
balances the centrifugal force of that fide.

A double velocity, in the fame orbit, balances a
quadruple power of attraction at the cenwer of that
orbit, as is-manifeft by experiment.—Therefore, #
the velocity of any planet were twice as great as it

2 ' nO¥
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qow i, the fun’s attraction would need to bié
four times as great, in order to retain the planet in
its orbit. ‘-

The fquares of the planets periods round the fun
are found by obfervation to be as the cubes of theit
diftances from the fun.—1If this be reprefented on the
whirling table, it appears, that the powers at the
center requifite to keep the planets in their orbits,
are inverfly as the fquares of their diftances from
the center of their orbits: which proves, that the
fun’s attraction diminifhes in proportion as the
fquares of the diftances from him increafe : that
is, at a double diftance, his attraction is four times
lefs ; at a triple diftance, nine times lefs; at a qua-
druple diftance, fixteen times lefs ; and fo on.

The motions of the comets prove the Cartefian
doétrine of vertexes to be abfurd. This is alfo prov-
ed by an experiment on the whirling table, made
by mercuty and water in one tube, and water and
tork in another. .

The -earth is of a fpheroidal figure, as is proved
by the French obfervations; its equatoreal diameter
being longer than its axis.—This demonftrates that
the earth turns on its axis: for, if it did not, the
water would leave the equatoreal regions, and over-
flow the polar.—The whirling fphere proves, that

this figure of the earth arifes from its motion on its
axis.

L B COT W B B8 X
A S RO INC O

ND Icience is comparable to this, in giving us
noble ideas of the Deity and his works ; and -
drawing us near to him. The earth is at leaft 160
millions of miles nearer fome of the ftars at one
time of the year than another: and yet, the ap-
parent magnitudes of thefe ftars, and their angular

diftances
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diftances from each other, is ftill the fame: which
proves, that the diftance of the ftars from us is ex-
ceeding great.

At the diftance of any ftar, all the planets in our
fyftem would difappear : and the fun would appear
no bigger than a common ftar does to us. Con-
fequently, each ftar may be a fun to a fyftem of
planetary worlds, which our beft telefcopes cannot
poflibly difcover. |
~ The ftars are vaftly too remote from the fun,
to be enlightened by it, fo as to reflect light enough
to make them vifible. Hence it is plain, that they
{hine by their own native and unborrowed luftre.

Thole of the firft magnitude cannot be lefs than,
the fun ; otherwife they could not appear fo large
to us as they do.—Since they are fo large, and fhine
by their own light, they are funs.

It is probable that all the reft are as large, and
only appear to be of different magnitudes, by reafon
of their different diftances. -

The number of {yftems which would ftand a-
round our folar fyftem, and next to it, is much lefs
than the number of thofe which might ftand next
around them.—And fo on to infinity. But the ftars
of the firft magnitude are much fewer in number
than thofe of the fecond: thofe of the fecond much
fewer than thofe of the third : and fo on.

“.  This circumftance makes it highly probable, that
the ftars of the firft magnitude are funs to thofe
{fyftems of planets next around our fyftem : thofe
of the fecond magnitude, funs to thofe fyftems next
beyond our neighbouring fyftems: and {o on, to
the ftars of the fixth magnitude, which are th
fmalleft that common eyes can perceive. - |

But by means of the telefcope, thoufands of
ftars are difcovered, which are quite invifible to the
bare eye. Thofe are certainly of no manner of ufe
to us; but we cannot therefore conclude; that they

i are.
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are ufelefs ; and confequently we infer, that they are
funs to particular fyftems of worlds.

Our earth, if feen from the fun, would appear no
bigger than a point; as is evident from the fiall-
nefs of the fun’s parallax.—It is a planet only of the
third magnitudf: for it is much lefs than Saturn,
and Saturn is confiderably lefs than Fupirer.

The folar fyftem confifts of the fun, fix primary
planets, ten {fecondary planets or moons, and the
comets.

The fix primary planets are Mercury, Venus, the
Earth, Mars, Fupiter, and Saturn.—The Earth has
one moon, Fupiter has four, and Saturn five.

All the planets move round the fun from weft,
by fouth, to caft; in orbits which are nearly cir-
cular, and but little inclined to each other.—The
comets move in all {forts of direftions, in orbits
which are very long ellipfes, much inclined to one
another, and to the orbits of all theplanets. The
tails of the comets are only thin vapours : for, if they
were flame, no 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 its axis, is the length of its day and
night taken together.

Mercury gﬂes round the {unin 87 days 23 hours:
its diameter is 2600 Englifh miles, its diftance from
the fun is 32,000,000 of miles, and its hourly
motion in its orbit is 95,000 miles. The time of its
diurnal rotation, or length of its days and nights,
is unknown,

Venus goes round the fun in 224 days 17 hours:
its diameter is 7900 miles, its diftance from the fun
15 59,000,000 of miles, its hourly motion in its or-
bic 15 69,000 miles, and it turns yound its axis in
24 days 8 hours of our time.

The Earth goes round the fun in 365 days 5

kours 49 minues : its diameter is 7970 miles, 1es
diftance
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diftance from the fun is 81,0005000 of miles, its
hourly motion in its orbit is 58,000 miles, and it
turns round its axis in 24 hours.

- The Myen goes round the earth, from change to
change, in 29 days 12 hLours 44 minutes; and
turns round ‘her axis in the fame time. Her diffe-
rent phafes prove that fhe fhines by reflecting the
light of the fun, and not by any light of her own.
Her diameter is 2170 miles, and her diftance from
the earth is 240,000, In refpeét of the earth fhe
moves 2290 miles each hour in her orbit.

Mars goes round the fun in 686 days 23 hours:
its diameter is 4444 miles, its diftance from the {un
is 123,000,000 of miles, its hourly motion in its
orbit is 47,000 miles, and it turns round its axis
in 24 hotirs 40 minutes.

Fupiter goes round the fun in 4432 days 12 hours ¢
its diameter is 81,000 miles, its diftance from the
fun is 424,000,co0 of miles, its heurly motion in
its orbit is 25,000 miles, and it turns round its axis
in g hours 56 minutes.

This planet has four moons moving round it,
at different diftances. Its firft or neareft moon
goes round it in 1 day 18 hours 56 minutes, the
fecond in 3 days 13 hours 15 minutes, the third
in 7 days 3 hours 59 minutes, and the fourth in
16 days 18 hours 30 minutes.

Saturn goes round the funin 10,759 days 7 hours:
its diameter is 67,000 miles, its diftance from the {un
is 777,000,000 of miles, and its hourly motion in
its orbit is 18,000 miles. The time of its rotation
on its axis is unknown.

This planet has five moons, the neareft of which
goes round it in 1 day 21 hours 19 minutes, the
lecond in 2 days 17 hours 40 minutes, the third
in 4 days- 12 hours 25 minutes, the fourth in 15
days 22 hours 41 minutes, and the fifth in 79
days 7 hours 48 minutes.

| E 1
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If a body, projected from the fun, fhould con-
tinue to fly at the rate of 480 miles every hour
(which is about the {wiftnefs of a cannon-ball) it
would.reach the orbit of Mercury in % years 221
days; of Venus in 14 years 8 days; of the Earth
in 19 years 91 days; of Mars in 29 years 85 days ;
of Jupiter in 100 years 28c days; of Saturn in
384 years 240 days; and to the neareft of the ftars
in about 8 millions of years. -

The fun’s light diminifhes in proportion as the
{quares of the diftances from him increafe.— Mer-
cury is feven times as much enlightened as she
Earch is: Venus twice as much; Mars has little .
more than a fourth part of {fo much light as the
Yarth has: Jupiter has only a twenty-eighth parr,
and Saturn a ninetieth part.

The fun’s diameter is 763,0co miles. If we fup-
polfe it to be divided into 10,000 equal parts, Mer-
cury’s diameter will contain 34,y of fuch parts;
Venus’s diameter 1034 ; the Earth’s 10473 ; the
Moon’s 283, Mars’s 58;; Jupiter’s 10613, and
Saturn’s 8§78,

Now, let us fuppofe that an Orrery is intended to
be made, in which the fun and planets fhall be re-
prefented in their proportional magnitudes, and the
planets placed at their proper diftances from the fun,
in proportion to their magnitudes ; as in the hea-
vens : the fun’s diameter in the Osrery being 13
inches.

In this cafe, the diameter of Mercury would be
+44w parts of an inch ; the diameter of Venus 5%
parts ; the diameter of the Earth ;%% parts (which
is equal to the eighth part) of an inch; the
Moon’s diameter 3. parts; Mars’s diameter S
parts of an inch; Jupiter’s diameter one inch and
274 parts 3 and Saturn’s diameter, cxclufive of his
Jing, one inch and 34 parts. :

‘Then,
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Then, the true proportional diftances of thefe
planets from the {fun would be as follows: Mer-
cury’s diftance 43 feet 1 inch; Venus’s diftance
747 feet 2 inches; the Earth’s diftance 105 feet 10
inches ; the Moon’s diftance from the Earth 3% in-
ches; Mars’s diftance from the fun 161 feet 5 in-
ches ; Jupiter’s diftance 555 feet 9 inches; and Sa-
turn’s diftance 1018 feet 7 inches, or 339 yards 1
foot 7 inches.—So that the circumference of Saturn’s
orbit would be 2130 yards; or a mile and almoft a
quarter.

Confequently, there is no fuch thing as having
the fun and planets in their relative magnitudes, and
at their proportional diftances, in an Orrery; even
though the earth fhould be no more than the eighth
part of an inch in diameter.

B EC il K
On- A8 F R OGN QM Y.

T H E axis of any planet is a phyfical line, round
which the planet turns: and the extremities
of that line are its poles,
The earth’s motion on its axis is the caufe of day
and night: for its turning round every 24 hours pro-
. duces the fame effeCt, as if the fun moved round it
in that time.
The earth’s axis inclines 235 degrees from a per-
~ pendicular to the ecliptic, or orbit in which the
earth moves round the fun. Therefore, the earth’s
poles can never incline more than 234 degrees toward
or from the fun.
The obliquity of the earth’s axis, and its conftant
parallelifm during its annual courfe round the fun,
-are the caufes of the different feafons, and different
lengths of days and nights.
‘The north pole of the earth’s axis inclines more

or lefs toward the fun, from the vernal exquinox to
E 2 the
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the -autumnal ; and more or lefs from thé fun, from
the autumnal equinox to the vernal.—In the former
cafe, it is the fummer half year in the northern he-
mifphere of the earth ; in the latter cafe, the winter
halt year : and the contrary in the fouthern hemif-
phere of the earth, .For, when the north pole in-
clines toward the fun, the fouth pole declines from
him, and wvice ver/a.

* In the northern hemifphere, the vernal equinox
(or equal day and night in the {pring) is on the 20th
of March; and the autumnal equincx (or equal
day and night in autumn) is on the 23d of Septem-
ber. In the fouthern hemifphere, the contrary.

The earth goes round the fun once a year in the
plane of the ecliptic: and thergfore, as feen from
the earth, the fun appears to go round the ecliptic
in the fame time. For, in whatever place of the
ecliptic the earth is, at any time, as feen from the
fun, the fun, as feen from the earth, will feem to be
in the oppofite part of the eclipric.

The equator is a great circle, all round the earth :
it divides the earth into two equal parts, called the
northern and the fouthern hemifpheres. The north
pole is the middle point of the northern hemifphere,
the fouth pole the middle point of the fouthern.—
The equinoctial circle in the heaven is diretly over
the earth’s equator, and divides the heaven into two
equal parts, called its northern -and fouthern hemi-
{pheres. The poles of the heaven are directly oveg
ghe poles of the earth.

At the equinoxes, the earth’s axis inclines neithep
toward the fun, nor from him : at the folftices (which
are the middle days of {ummer and winter) it inclines
23+ degrees toward or from the fun, according as it
is fummer or winter in the given hemifphere.

At the equinoxes, the {fun is in the equator: at
¢he folftices he is 23+ degrees from the equator.

When the fun is in the equator, he enlightens the
cath from pele to pole. Atall other times, he fhines

&
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as many degrees round the pole which is turned to-
ward him, as he is diftant from the equator toward
that pole. And juft fo many degrees is the oppofite
pole involved in darknefs.
~ The {unis on the north fide of the equator from
the 20th of March to the 23d of September: and
on the fouth fide of the equator from the 23d of"
Septernber to the 20th of March.—By thefe two
ropefitions it is plain, that at the poles there is
Eut one day and one night in the whole year.

The northern tropic is a circle 237 degrees on the
north fide of the equator ; the fouthern tropic is a
circle 23% degrees on the fouth fide. Thefe are the
limits of the fun’s greateft north and fouth decli-
pations. 2 :

The polar circles are 235 degrees diftant from the
poles, all around. When the fun is in the northern
tropic, the whole fpace within the north polar circle
is enlightened, and all within the fouth polar circle
is in darknefs: the contrary, when the fun is in the
fouthern tropic,—All ‘thefe things are plainly thewn
by the Orrery.

The meridian of gny given place is a femicircle
paffing through that place, cutting the equator at
right angles, and terminating in the poles.

The earth’s circumference is 360 degrees ; and as
the earth turns round its axis from the fun to the
fun again, in 24 hours, each meridian revolves 15
degrees in an hour; for 24 times 15 is 360,

Every place, whofe meridian is eaftward 15, 20,
45, 60, or 75 degrees (and fo on, increafing by 15)
from the meridian of any given place, has noon,
and every other hour, one, two, three, four, or five
hours (and fo on in proportion) fooner than the like
hour is at the given place: if weftward, fo much
later. '
~ The longitude of any place is the number of degrees
intercepted between its meridian and the meridian
of any given place from which the lnnginldeljs I'EdC-

Lo ; coned :
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koned.: and is eaft or weft, according as that place
is eaft or weft from the meridian of the given place.

The eclipfes of Jupiter’s fatellites afford a method
of finding the longitude, according to the obferved
times of their happening, as feen from different
places of the earth.—Thus, fuppofing an eclipfe of
any fatellite to happen at fix in the morning at
Y.ondon; and that it was feen at another place at
four in the morning : the difference of time is twao
hours, which anfwers to 30 degrees. Confequently,
the meridian of the place where the eclipfe was feen
at four in the morning is 30 degrees weft from the
meridian of Loondon, where the fame eclipfe was feen
at {ix in the morning.

The fame eclipfes thew, that the motion of light
i1s not inftantaneous, but that it takes about 16 mi-
putes to travel through a fpace equal ta the diame-
ter of the earth’s orbit. For, when Jupiter is near-
ly in conjunttion with the fun (that is when the fun
is between the earth and Jupiter) thefe eclipfes
happen 16 minutes Jater than when Jupiter is in
oppofition to the fun, which is, when the earth is
between the fun and Jupiter. In the latter cafe,
the earth is nearer to Jupiter by the whole diametes
of its orbit (which is 162 millions of miles) than in
the former. Therefore, as the fun is nearly in the
center of the earth’s orbit, and his mean diftance from
the earth is 81 millions of miles ; and fince light
moves through a fpace equal to the whole diame-
ter of the earth’s orbit in 16 minutes, it moves
from the fun to the earth in eight minutes; which is
almoft as far as a cannon-ball would go in 20 years.—
Hence it appears, that li%ht moves at the rate "?f
592,180,000 miles in an hour; 9,869,666 miles in
a minute ; and 164,494 miles in a fecond ; which 1s
10,2 10 times as faft as the earth moves in its annual

orbit,
I.LEC.
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LECTURE XL
On ASTRONOMY.

HE moon turns round her axis in the fame

time that fhe goes round the earth in her
orbit, and therefore, fhe always keeps the fame
fide toward the earth.

Her periodical revolution, or time of going round
from any point of her orbit to the fame point again,
is 27 days 7 hours 43 minutes.

Her fynodical revolution, or time from change
to change, is 29 days 12 hours 44 minutes ; which
15 the length of her day and night taken together :
for, as feen from the fun, fhe turns only once round
her axis in that time.

If the earth had no progreffive (or annual) motion
round the fun, the fame point of the moon’s orbit
would always keep between the earth and the fun:
and then there would be no difference between hes
periodical and {ynodical revolution ; for fhe would
always change in the fame point of her orbit.
~ But, as the earth is in motion round the fun, and
the figns of the moon’s orbit always keep paral-
lel to the like figns of the fixt ecliptic 5 a differens

art of the moon’s orbit will be every day

tween the earth and the fun from that which was
Mo on the day before: and, therefore, the moon
muft move as many degrees more than round her
orbit, between any change and the next following,
‘as the earth has advanced in the ecliptic during
that time ; which is 29.% degrees.

As the moon goes quite round her orbit in 27 days
7 hours 43 minutes, and the earth goes round the
4un but once a year, the earth’s axis has all ‘the
different pofitions -to the moon in the time fhe
goes round her orbit, that it has to the {un io one
year.

3 The



[ 40 ]

The moon fhines only by reflefting the fun’s
light ; for if fhe was a luminous body, fhe would
always appear round, as the fun does.

A luminous body can enlighten only one half
of a dark globe at once: therefore, at any given
moment, the fun can enlighten only one half of
the moon. ;

‘When the moon is between the earth and the
fun, fhe difappears; becaufe her tmnenlightened fide
is then toward the earth. When fhe is oppofite
to the fun; fhe appears full, becaufe her illumi-
nated fide is then toward the earth. When fhe is
go degrees, or a quartet of a circle, diftant from the
fun, fhe appears half full ; becaufe one half of her
enlightened fide is then toward the earth.

The earth and moon are mutually moons to each
other: but the earth gives 13 times as much
light to the moon, as the moon gives to the eatth
for the earth’s furface is 13 times as big as the
moon’s. ]

In confiderable latitudes, the different parts of
the ecliptic rife at very different angles with the
horizon.—In northern latitudes, the figns pifces and
aries rife with the fmalleft angles, virgo and libra with
the greateft. Therefore, &

When the moon is in pifces and aries, fhe rifes
nearly at the fame hour for fix or feven days to-
%ﬁthﬂl‘f but when fhe is in virge and /libra, the rifes
o much later every day, as to differ eight hours in
fix or {feven days.

In our winter, the moon is in pifees and aries
about the time of her firft quarter, and rifes about
noon : but her rifing is not then taken notice of;
becaufe the fun is above the horizon.

In fpring, the moon isin pifces and aries about the
time of her change ; and as {he then gives no light,
het rifing cannot be perceived.

2 In
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_»In fummer, the moon is in pifees and aries about
her third quarter; and then, as fhe rifes not till
about midnight, her rifing pafles unobferved, efpe-
cially, as fheis fo much on the decreafe.

In autumn, piftes and aries are oppofite to the
fun ; dnd therefore, the moon is then full in them,
and rifes immediately after fun-fet for feveral even-
ings together ; which makes her rifing very confpi-
cuous, as it is fo benefical to the farmers, in affording
them an immediate fupply of light after the going
down of the fun, for reaping the fruits of the

earth.
LECTIRE _XII.
O ASTRONOMY.:

A LL the planets and fatellites are enlightened
by the fun, and caft fhadows toward that part

of the heaven which is cppofite to the fun as feen from
them. | '

If the {fun and earth were equally big, the earth’s
fhadow wopld be infinitely extended ; and always
of the {famé bulk, and would do more than cover
the planet Mars when oppofite to the fun, becaufe
Mars is much lefs than the earth.

If the earth were bigger than the fun (and to us
it feems to be the biggeft body in the univerfe) its
fhadow would ftill- be the bigger the farther it ex-
tended ; and would even cover Jupiter and all his
‘moons, when Jupiter is oppofite to the fun.

If the fun be bigger than the earth, the fha-
dow will be of a conical figure; and end in a
point ata certain diftance from the carth.
~ But the earth’s thadow never reaches Mars, al-
though that planet, when oppofite to the fun, is
not above 42 millions of miles from the earth;
which demonftrates, that the funis much bigger
than the earth, '

e F The
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«.  The moonis eclipfed, when fhe falls into the
. eauth’s fhadow. Therefore, fhe can never be eclipfed

but ac the time of her full ; becaufe, that is the only

iy ﬁme of her being oppofite to the fun. If fhe were
- 2 luminous body, fhe could not be darkened by
~ the earth’s fhadow. For, a candle will {fuffer no

diminution of its light, by being placed in the fhadow

~ of a board, or globe, enlightened on the oppo-

{ite fide by another candle. i

- The fun is faid to be eclipfed, when the moon
pafies directly between him and any part of the
earth ; which can only be at the time of new
moon. But, although the moon may then hide
the fun from. part of the earth, and that part
mufit be darkened, becaufe the moon’s thadow co-
vers it; yet, as the does not take fo much as a
fingle ray of light from the fun, the fun, ftri&t-

1y fpeaking, is never eclipfed by the moon; any

more than by the convexity of the earth, when it
hidés him from out fight. Notwithftanding, when
the moon hides the fun, or any part of him, from.
our fight, we fay, the fun is eclipfed.

If the moon’s orbit lay in the * plane of the
ecliptic (in which the earth always moves) the fun
would be eclipfed at the time of every new moon ;
and the moon would be eclipfed at the time of every
full. ;

But one half of the moon’s orbit is on the north
fide of the plane of the ecliptic, and the other half
on the fouth fide of it. Therefore, the moon’s
orbit cuts the plane of the ecliptic only in two oppo-
fite points, which are called the moon’s nodes. "The
angle of the moon’s orbit with the ecliptic is 5 de-
grees 18 minutes.

* If a circle be drawn on a picce of fmooth flat paper, the
paper may be juftly called the plane of that circle.

Wlmn |
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- 'When the moon is any thing more than'r2 dea
~ grees from either of her nodes at the time of bein
tull, fhe pafifeth clear of the earth’s thadow ; anc
therefore the cannot be eclipfed at that time. But
when fhe is within 12 degrees of either node at
ull, fhe is eclipfed ; and if fhe be in either of the
nodes, the eclipfe will ‘be central. ; |
When the moon is any thing more than 18 de-
grees from either of her nodes at the time of
change, fhe either paffeth above or below the fun ;
and therefore the fun cannot be eclipfed at that
time. But when fhe is within 8 degrees of the
node at the time of change, fhe eclipleth the fun
to fome part of the earth. And if the be in the node,
the eclipfe will be central to that point of the earth’s
furface which is in a right line between the fun’s
center and the earth’s.
If the moon’s nodes kept always in the fame
figns of the ecliptic ; in whatever figns the fun and
‘moon were eclipfed in any given year, they would
be fo in every year after.—But the eclipfes fall
back every year, from the confequent towards the -
antecedent figns, in fuch a manner as to prove that
the moon’s nodes move backward 193 degrees every
sear : and therefore, in 18 years 225 days, they move
gaekward through all the figns and degrees of the
ecliptic.
" From the time of the fun’s being in conjunction
with either of the moon’s nodes, to the time of his
being in conjun@ion with the other, is 173 days.
If the nodes had no motion, the interval between
thefe conjunétions would be 1825 days, or half &
year.
? In 18 years 11 days 7 hours 43 minutes, there ig
a conjunion of both fun and moon with the
fame node. And therefore, in that time, there is

a period or reftitution of the fame eclipfes.

W

The



[ 44 1

_ *The darknefs at our SAVIOUR’s crucifixion
could not poffibly be occafioned by a natural or regu-
lar eclipfe of the fun; for it was at the time of the
paffover, which was always kept at the time of full
moon. .

. He was crucified on the day next before the Jew-
ith fabbath, which being kept on our Saturday,
the Ciucifixion was on Friday. So that the paffover
- full moon in that year was on a Friday.

But it appears by calculation, that there was
only one paffover full moon on a Friday from the
2oth to the 4oth year of our Saviour; and zbef
particular full moon was on the third day of April,
in the g3d year of his age, accounted from the
vulgar @ra of his birth. :

The 33d year of Chrift was the 4746th year of
the Fulian period, and the fourth year of the 402d
Olympiad. gy

Phblegon, a heathen writer, tells us, that in the
fourth year of the 402d Olympiad, there was the
greateft eclipfe of the fun that ever was known ;
and that ¢ if was night at the fixth hour of the
¢ day.”’ | -

Ptolemy’s canon fixes the year, in which the com-
mandment was given to Ezra by Artaxerxes Longi-
ananys, to reftore the ftate of the Jews, to the year of
the Fulian 4256 : and, according to Daniel’s prophe-
cies, thedeathof CHRIST was to be at the end
of 70 annual weeks, or 4qo years, after that time.

And 490 years being added to 4256, makes 47463
the above year of the Fulian period, which we prove
aftronomically to have been the prophetic year of our
Saviour’s death ; concerning which, we have the
teftimony of a heathen writer, who, being not an
aftronomer, miftook a fupernatural darknefs for an

eclipfe of the fun.
| F 3N % 2



