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per-plates, A New Edition, O&avo,
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Motions, and Dimenfions of the Earth; the different Sea-
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of Venus, and its Ufe in Aftronomy; the Moon’s Motion
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and ufeful arts, that you not
only ftudy their theory, but
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honour the profeflors of me-
chanical and experimental
philofophy with your pre-
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fence and particular favour ;
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NEsS’s feet ; and at the fame
time beg leave to exprefs that
veneration with which I am,

Your RovarL HiGHNESss’s

Moft obliged,
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VER fince the days of the Lorp Caax-
CELLOR Bacon, natural philsfophy
hath been more and more cultivated in Eng-
land.  'THAT great gemius firf} fet out with
taking a general furvey of all the natural
Seiences, dividing them into diftin? branches,
wWhich be enumerated with great exatinefs.
He inquired forupuloufly into the degree of
knowledge already attained to in each, and
drew up a liff of what flill remained to be
difeovered : this was the feope of his firft un-
dertaking.  Afterward be carried bis vicws
A 4 much




PREFACE.

much farther, and fhewed the neceffity of an
experimental philofophy, a thing never before
thought of. As be was a profeffed enemy ta
Siftems, be confidered philofophy, no otherwife
than as that part of knewledge which con-
tributes to make men better and bappier : be
feems to hmit it to the knowledge of things
ufeful, recommending above all the fludy of
nature, and fhewing that no progrefs car be
made therein, but by collelling. falts, and
comparing experiments, of which be points

out a great number proper io be made.

But notwithflanding z‘,{’:c true path to fcience

d

avas thus exalily marked out, the old notions

of the jehools fo firongly poffe/fed people’s minds
at that time, as nof to be eradicated by any
new opinions, how rationally feever advanced,
until the illufirions Mr. BoY LE, the firft
who purfued Lorp Bacow’s plan, began

to put experiments in praflice with an
affiduity- equal to bis great talents.  Next,
the RoyAL SoCIETY being gi‘g&h/}’wfd the
true philofophy began to be the reigning tafle
of the age, and continues [o to this day.

The



BRIESF A CiE,

The immortal S1® Isaac NEWTON in=
Sifed even in'his early years, that it was
bigh time to banifb vague conjectures ond
bypothefes from natural philofophy, and to
bring that feience under an entire fubjeflion
to experiments and geometry. e frequently
called it the experimental philofophy, /& as
to exprefs fignificantly the difference between
2 and the numberlefs fifflems which had arifen
merely out of the conceits of inventive brains :
the one fubfifting no Ienger than the Jpirit of
novelty lafts; the other never fuilike <wbil

the nature of things remain unchanged.

The method of tewshing and layimg the
JSoundation of phyfics, by public courfes of
experiments, was firf} undertaken in this
kingdom, I believe, by Dr. Jonx KeiLy,
and fince improved and ewlargéd by My
Havksser, Dr Dssacuriers, M
WHisToN, Mr, Cotes, Mr. WHrITESIDE,
Dr. BRADLEY, our late Regius and Sawvi-
lian profeffor of dftronomy, and the Re-
verend Dr. BLiss bis fucceffor,

Nar




PREFACE

Nor bas the fame been meglected by Dr.
Yames, and Dr. Davip GREGORY, Sir
RoeerT STEWART, and gfter bum Mr.
MacrLauriN. Dr. HeLsnam i Ire-
land, Mefficurs - S'GRAVESANDE  and
MuscHENBROEK, and the Abbé NoLLET

in Erance, bave alfo acquired juft applaufe

thereby.

The fubflance of my own attempt in this
qvay of inflrumental infirudtion, the following
Sheets [exclufive of the aftronomical part)
awill fhew: the Jatisfaction they have gene-
rally given, read as lectures to different
audiences, affords me fome hope that they may
be favourably received in the fame form by
the Public. '

I ought to obferve, that though the five laft
lectures connot be properly fard to concern ex-
perimental philofophy, I confidered, however,
that they were not of fo different a clafs, but
that they might, without much impropriety,
be fubjoined to the preceding ones.

My



PREFACE.

My apparatus (part of which is deferibed
bere, and the reff i a* former wwork ) o
rather fimple than magnificent ; which is
owing 1o a particular point I had in wiew,
at firfh fetting out, namely, to avoid al] St
perfluity, and to render every thing as
plom and wntelligible as I thought the [ub-
Ject would admit of.

% Aftronomy explained upon Siz Isaac Nrewrox’s
principles, and made eafy to thofe who have not ftudied
mathematics.
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L E LT U RYESS

ON

SELECT SUBJECTS.

L, EX T, L
Of Matier and its Properties,

S the defign of the firft part of this
_A courfe is to explain and demonftrate thofe
laws by which the material univerfe is governed,

regulated, and continued ; and by which the
various appearances in nature are accounted for;
it is requifite to begin with explaining the pro-
perties of matter.

By the word matter is here meant every thing
that has length, breadth, and thicknefs, and
refifts the touch.

The inherent properties of matter are {olidity,
inactivity, mobility, and divifibility.

The folidity of matter arifes from its having

length, breadth, thicknefs ; and hence it is thal?

Matter,
what.

Its pro-
perties,

Solidity.

all bodies are comprehended under fome fhape -

or other, and that each particular body hinders
all others from occupying the fame patt of fpace
which it poffeffeth. - Thus, if a piece of wood
or metal be Iqueezed ever fo hard between two
plates, they cannot be brought into contratt.
And even water or air has this property ; for if
a fmall quantity of it be fixed between any other

bodies,




Inadtivity.

Of the Properties of Malter.

bodies, they cannot be brought to touch one
another,

A fecond property of matter is inaffivily, or
paffivenefs 5 by which it always endeavours to
continue in the ftate that itis in, whether of reft
or motion. And therefore, if one body contains
twice or thrice as much matter as another body
does, it will have twice or thrice as much inac-
tivity ; that is, it will require twice or thrice as
much force to give it an equal degree of motion,
or to flop it after it hath been put into fuch a
motion.

T'hat matter can never put itfelf into motion is
allowed by all men. For they fee that a ftone,
lying on the plane furface of the earth, never
removes itfelf from that place, nor does any one
imagine it ever can,  But moft people are apt
to believe that all matter has a propenfity to
fall from a ftate of motion into a ftate of reft;
becaule they fee that if a ftone or a cannon-ball
be put into ever o violent a motion, it foon ftops;
not confidering that this ftoppage is caufed,
1. By the gravity or weight of the body, which
finks it to the ground in fpite of the impulfe;
and, 2. By the refiftance of the air through which
it moves, and by which its velocity is retarded

. every moment till it falls,

A bowl moves but a thort way upon a bowl-
ing-gréen; becaufe the roughnels and uneven-
nefs of the graffy futface foon creates friction
enough to flop it. But if the green were per-
fectly level, and covered with polithed glafs, and
the bowl wete perfetly hard, round, and finooth,
it woilld go a great way farthers as it would
have nothing but thé air to refit it; if then the
alft were taken away, the bowl would go on
without any friction, and confequently without
any




Of the Properties of Matteri 2

any diminution of the velocity it had at fetting

out : and therefore, if the arcen were extended

quite around thé earth, the bowl would go on,

round and round the earth, for ever. -
If the bowl were carried feveral miles above

the earth, and there projeted in a horizontal

direction, with fuch a velocity as would make

it move more than a femidiameter of the earth,

in the time it would take to fall to the earth by

gravity; in that cafe, and if there were no re-

fifting medium in the way, the bow! would not

fall to the earth at all; but would continue to

circulate round it, keeping always in the fame

tract, and returning to the fame point from

which it was projected, with the fame velocity

as at firft. In this manner the moon goes round

the carth, although the be as una&ive and dead

as any ftone upon it. :
The third property of matter is mobility; for Mobility.

we find that all matter is capable of bein g moved,

if a fufficient degree of force be applied to over-

come its inactivity or refiftance. I,
The fourth property of matter is diviffbilizy, Divifibi-

of which there can be no end. For, fince matter 19*

€an never be annihilated by cutting or breaking,

W€ can never imagine it to be cut into fuch fmall

particles, but that if one of them be laid on a

table, the uppermoft fide of it will be furcher

from the table than the undermoft fide. More-

over, 1t would be abfurd to fay that the greateft

fountain on earch has more halves, quarters, or

tenth parts, than the {malleft particle of matrer

has,
We have many furprifing inftances of the

{mallnefs to which matter can be divided by arc:

of which the two following are very remarkable,

B g it




Of the Propertiés of Matter.

1. If a pound of filver be melted with a finole
grain of gold, the gold will be equally diffufed
through the whole filver; fo that taking one
grain from any part of the mafs (in which there
can be no more than the 5760th part of a grain
of gold) and diffolving it in agua fortis, the
gold will fall to the bottom.

2. The gold beaters can extend a grain of gold
into a leaf containing 50 fquare inches; and this
leaf may be divided into 500000 vifible parts.
For an inch in length can be divided into 1oo
parts, every one of which will be vifible to the
bare eye: confequently a fquare inch can be
divided into 10000 parts, and 50 fquare inches
mnto soocco. And if one of thefe parts be
viewed with a microfcope that magnifies the
diameter of an objet only 10 times, it will
magnify the area 100 times; and then the 100th
part of a sooo00th part of a grain (that is, the
5o millionth part) will be vifible. Such leaves
are commonly ufed in gilding ; and they are fo
very thin, that if 124500 of them were laid upon
one another, and prefled together, they would
not exceed, one inch in thicknefs.

Yet all this is nothing in comparifon of the
lengths that nature goes in the divifion of mat-
ter. For Mr. Leewenbock tells us, that there are
more animals in the milt of a fingle cod-fith,
than there are men upon the whole carth: and
that, by comparing thefe animals in a micro-
fcope with grains of common fand, it appeared
that one fingle grain is bigger than four millions
of them, Now each animal muft have a heart,
arteries, veins, mulcles, and nerves, otherwife
they could neither live nor move. How incon-
ceivably finall then muft the particles of their
blood be, to circulate through the fmalleft rami-
fications
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Of the Properties of Malter. 5

fications and joinings of their arteries and veins ?
It has been found by calculation, that a particle
of their blood muft be as much {maller than a
globe of the tenth part of an inch in diameter, as
that globe is {maller than the whole earth; and
yet, if thefe particles be compared with the par-
ticles of light, they will be found to exceed
thern as much in bulk as mountains do fingle
grains of fand. For, the force of any body
ftriking againft an obftacle is directly inpro-
portion to its quantity of matter multiplied into
1ts velocity : and fince the velocity of the par-
ticles of light is demonftrated to be at leaft a
million times greater than the velocity of a can-
non-ball, it is plain, that if a million of thefe
particles were as big as a fingle grain of f{ind,
we durflt no more open our eyes to the ligh,
than we durft expofe them to fand fhot point-
blank from a cannon.

That matter is infinitely divifible, in 2 mathe- Plate I,
matical fenfe, is eafy to be demonftrated. For, Fig: 1.
let 4B be the length of a particle to be divided ;
and let it be touched at oppolite ends by the pa-
rallei lines CD and X F, which, fuppofe to be
infinitely extended beyond D and F.  Set off
the equal divifions BG, G H, HI, &c. on the The infi-
line E F, towards the right hand from B; and Euﬁit;h‘:;-
take a point, as at R, any where toward the left matier
hand from A, in the line CD: Then, from this proved.
point, draw the right lines RG, RH, RI, &e.
cach of which will cut off a part from the par-
ticle 4/ B. But after any finite number of fuch
lines are drawn, there will ftil! remain a part, as
A P, at the top of the particle, which can never
be cut off: becaule the lines DR and EF being
Parallel, no line can ever be drawn from the
puint R to any point of the line E F that will

B2 coincide
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Cohefion.

Of the Properties of Matter.

coincide with the line R D. Therefore the par.
ticle 4B contains more than any finite number
of parts.

A fifth property of matter is at/raffion, which
feems rather to be infufed than inherent. Of
this there are four kinds, viz. cobefion, gravitas
ton, magnetifin, and ¢lsricity.

The attrattion of cobefion is that by which the
{mall parts of matter are made to ftick and co-
here together. Of this we have feveral in-
ftances, fome of which follow.

1. It a fmall glafs tube, open at both ends, be
dipt in water, the water will rife up in the tube
to a confiderable height abeve its level in the
bafon: which mult be owing to the attra&ion
of a ring of particles of the glals all round in
the tube, immediately above thofe to which the
water at any infiant rifes. And when it has rifen
fo high, that the weight of the column balances
the attraction of the tube, it rifes nq higher.
‘T'his can be no ways owing to the preffure of the
air upon the water in the bafon for, as the tube
is open at top, it is full of air above the water,
which will prefs as much upon the water in the
tube as the ncighbouring air does upon any
cclumn of an equal diameter in the bafon. Bes
fides, if the fame experiment be made in an
exhaufted receiver of the air-pump, there will
be found no difference,

2. A piece of loaf-fugar will draw up a fluid,
and a fpunge will draw in water : and on the
fame principle fap afcends in trees.

3..If two drops of quicklilver be placed near
cach other, they will run together and become
one large drop,

4. It two pieces of lead be fcraped clean, and
prefied together with a twill, they will attrac
each




Of the Properties of Matter.

each other fo ftrongly, as to require a force
much greater than their own weight to feparate
them. And this cannot be owing to the preflure
of the air, for the fame thing will hold in an
exhaufted receiver.

5. If two polifhed plates of marble or brafs
be put together, with a litcle oil between them
to fill up the pores in their {urfaces, and prevent
the lodgement of any air; they will cohere fo
firongly, even if fufpended in an exhaufted re-
ceiver, that the weight of the lower plate will
not be able to feparate it from the upper one. In
putting thefe plates together, the cne fhould be
rubbed upon the other, as a joiner does two
pieces of wood when he glues them,

6. If two pieces of cork, equal in weight, be
put near each other in a bafon of water, they will
move equally faflt toward each other with an
accelerated motion, uatil they meet: and then,
if either of them be moved, it will draw the
other after it.  If two corks of unequal weights
be placed near cach other, they will approach
with accelerated velocities inverfely proportio=
nate to their weights: that is, the lighter cork
will move as much fafter than the heavier, as the
heavier exceeds the lighter in weight. This
fhews that the attraction of each cork is in direét
proportion fo its weight or quantity of matter,

This kind of attraction reaches but to a very
{mall diftance; for, if two drops of quickfilver
be rolled in duft, they will not run together,
becaufe the particles of duft keep them out of
the fphere of each other’s atcra&tion.

Where the fphere of attradtion ends, a repul-
Sive force begins; thus, water repels moft bodies
t1l they are wet; and hence iv is, thara fmall

B3 needle,
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Gravita-
tion,

Of ihe Properties of Matter,

needle, if dry, fwims upon water; and fies walk
upon it without wetting their feet.

The repelling force of the particles of a fiuid
is but fmall; and therefore, if a Auid be divided,
it eakly unites again.  But if glafs, or any other
hard fubftance, be broke into fmall parts, they
cannot be made to flick together again without
bcing firft wetted: the repulfion being too great
to admic of a re-union.

'The repelling force between water and oil is
fo great, that we find it almoft impoffible to mix
them fo, as not to deparate again, If a ball of
light wood be dipt in oil, and then put into wa-
ter, the water will recede fo as to form a channel
of fome depth all around the ball. '

The repulfive force of the particles of air is fo
great, that they can never be brought fo near to-
gather by condenfation as to make them ftick or
cohere.  Hence it is, that when the weight of
the incumbent atmofphere is taken off from an
{fmall quantity of air, that quantity will diffufe ic-
{elf {o as to occupy (in comparifon) an infinitely
greater portion of {pace than it did before.

Attraiiion of gravitetion is that power by
which diftant bodies tend towards one another.
Of this we have daily inftances in the falling
of bodies to the earth. By this power in the
earth it is, that bodies, on whatever fide, fall in
lines perpendicular to its furface; and confe-
quently, on oppofite fides, they fall in oppofite
direCtions all towards the center, where the
force of gravity is as it were accumulated : and
by this power it is, that bodies on the earth’s
furface are kept to it on all fides, fo that they
cannot fall from it. And as it aéts upon all bo-
dies in proportion to their refpective quantities
of matter, without any regard to their bulks or

: higures,
I




Of the Properties of Matter,

figures, it accordingly conftitutes their weight.
Hence,

If two bodies which contain equal quantities
of matter,were placed at ever {o great a diftance
from one another, and then left at liberty in free
{pace; if there were no other bodies in the uni-
verfe to affet them, they would fall equally {wift
towards one another by the power of gravity,
with velocities accelerated as they approached
each other; and would meet in a point which
was half-way between them at firft.  Or, if two
bodies, containing unequal quantities of matter,
were placed at any diftance, and left in the fame
manner at liberty, .they would fall towards one
another with velocities which would be in an
inverfe proportion to their refpettive quantities
of matter; and moving fafter and falter in their
mutual approach, would at laft meet in a point
as much nearer to the place from which the
heavier body began to fall, than to the place
from which the lighter body began to fall, as
the quantity of matter in the former exceeded
that in the lateer.

All bodies that we koow of have gravity or
weight. For, that there is no fuch thing as po-
fitive levity, even in fmoke, vapours, and fumes,
is demonitrable by experiments on the air-
pump; which thews, that although the {moke
of a candle afcends to the top of a tall receiver
when full of air, yet, upon the air’s being ex-
hauited out of the receiver, the {moke falls down
to the bottom of it. So, if a picce of wood be
immerfed in a jar of water, the wood will rife to
the top of the water, becaufe it has a lels degree
of weight than its bulk of water has: but if the
jar be emptied of water, the wood fulls to the

bottom.
B 4 Az




15 Of the Properites of Malter,

Gravity As every particle of matter has its propet

f}ii:g m'gra.v_ity, thfa effect of the whole muft be in pro-

be as the POTHION tO the number of the attraéting particles ;

quantity thatls, as the quantity of matter in the whole

of mateer body. This is demonftrable by experiments an

in bodies, pendulums; for, if they are of equal lengths,

whatever their weights be, they vibrate in equal

times. Now it is plain, that if one be double or

triple the weight of another, it mufl require a

dcuble or triple power of gravity to make it

move with the fame celerity : juft as it would

yequire a double or triple force to projeét a bul-

let of twenty or thirty pounds weight with the

fame degree of fwiftnefs that a bullet of ten

pounds would require. Hence it is evident,

that the pawer or forge of gravity is always pro-

portional to the quantity of matter in bodies,
whatever their bulks or figures are.

Tt de- Gravity alfo, like all other virtues or emana-

creafes «s tions which proceed or iffue from a center, de-

the [qiare creafes as the diftance multiplied by itlelf in-

;:I}”:]ee creafes : that is, a body at twice the diftance of

incieales, another, attraéts wich only a fourth part of the

force ; at thrice the diftance, with a ninth part;

at four times the diftance, with a fixteenth part;

and fo on. This too is confirmed by comparing

the diftance which the moon falls in a minute,

from a right line touching her orbit, with the

diftance through which heavy bodies near the

earth fall in that time. And alfo by comparing

the forces which rerain Jupiter’s moons in their

orbits, with their refpective diftances from Ju-

piter. Thefe forces will be explained in the

next leCture, ;

The velocity which bodies near the earth ac-

quire in defcending freely by the force of graviry,

1s proportional to the times of their defcent.

For,
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For, as the power of gravity does not confift in
a fingle impulfe, but is always operating in a
conftant and uniform manner, it mult produce
equal effeéts in equal times ; and confequently in
a double or tnple time, a double or triple effect.
And fo, by a¢ting uniformly on the body, muft
accelerate its motion proportionably to the time
of its defcent,

To be a little more particular on this fubjeét,
let us fuppofe that a body begins to move with
a celerity conftantly and gradually increafing, in
fuch a manner, as would carry it through a mile
in a minute ; at the end of this fpace it will have
acquired fuch a degree of celerity, asis fufficient
to carry it two miles the next minute, thoough it
fhould then receive no npew impulle from the
caufe by which its motion had been accelerated :
but if the fame accelerating caufe continues, it
will carry the body a mile farther; on which
account, it will have run through four miles at
the end of two minutes; and then it will have
acquired fuch a degree of celerity as is fufficient
to carry it through a double {pace in as much
more time, or eight miles in two minutes, even
though the accelerating force fhould act upon it
no more. But this force ftill continuing to ope-
rate in an uniform manner, will again, in an
equal time, produce an equal effect ; and fo, by
carrying it a mile further, caufe it to move
through five miles the third minute ; for, the
celerity already acquired, and the celerity ftill
acquiring, will have each its compléte effeét,
Hence we learn, that if the body fhould move
one mile the firft minute, it wonld move three
miles the fecond, five the third, feven the fourch,
sine the ffth, and {o on in proportion, '

And

1¥
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And thusit appears, that the fpaces defcribed
in fucceflive equal parts of time, by an uniformly
accelerated moticn, are always as the odd num-
bers 1, 3, 5, 7, 9, &c. and conlequently, the
whole fpaces are as the fquares of the times, or of
the laft acquired velocities. For, the continued
addition of the odd numbers yiclds the fquares
of all numbers from unity upwards. Thus, 1 is
the firft odd number, and the fquare of 1 is 14
3 is the fecond odd number, and this added to
1 makes 4, the fquare of 2; 5 is the third odd
number, which added to 4 makes g, the fquare
of 35 and fo on for ever. Since, therefore, the

. times and velocities proceed evenly and conftant-

Iy as 1, 2, 3, 4, &c. but the fpaces defcribed in
each equal times are as 1, 3, 5, 7, &c. 1t is evi-
dent that the fpace defcribed

In 1 minute will be - - - x=f{quare of 1
In 2 minutes - = 1-43= 4=fquare of 2
In 3 minutes - 1+43+45= g=Iquare of 3
In4 minotes 1434547 =16=Iquare of 4, &c.

N. B. The charaller 4- fignifies more, and =
equal.

As heavy bodies are uniformly accelerated by
the power of gravity in their defcent, it is plain
that they muft be uniformly retarded by the
fame power in their afcent. Therefore, the ve-
locity which a body acquires by falling, is fuffi-
cient to carry it up again to the fame height
from whence it fell : allowance being made for
the refiftance of the air, or other medium in
which the body is moved. Thus, the body D
in rolling down the inclined plane 4B will

acquire {fuch a velocity by the time it arrives at
B, as
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B, as will carry it up the inclined plane BC, al-
moft to C; and would carry it quite up to G, if
the body and plane were perfeétly fmooth, and
the air gave no refiftance.—So, if a pendulum
were put into motion, in a fpace quite free of
air, and all other refiftance, and had no friftion
on the point of fufpenfion, it would move for
ever : for the velacity it had'acquired in falling
through the defcending part of the arc, would
be ftill fufficient to carry it equally high in the
afcending part thereof.

The center of gravity is that point of a body The cen-
in which the whole force of its gravity or weight ter of
is united. Therefore, whatever fupports that 84Vt
point bears the weight of the whole body : and
whillt it is fupported, the body cannot fall;
becaufe all its parts are in a perfect equilibrium
about that point.

An imaginary line drawn from the center of
gravity of any body towards the center of the
carth, is called the /ive of direftion. In this line and lise
all heavy bodies defcend, if not obftruéted. of direc-

Since the whole weight of a body is united in %8
its center of gravity, as that center afcends or
defcends, we muft look upon the whole body to
do fo too. But as it is contrary to the natureof
heavy bodies to afcend of their own accord, or
not to defcend when they are permitted; we
may be fure that, unlefs the center of gravity
be fupported, the whole body will tumble or
fall. Hence it is, that bodies ftand upon their
bafes when the line of direction falls within the
bafe ; for in this cafe the body cannot be made
to fall without firft raifing the center of gravity
higher than it was before. Thus, the inclining
body £ B CD, whoic center of gravity is £, Fig. 3.
ﬁﬂnds ﬁrmly on its bale CD 1K, becaufe the line

of




Of the Properties of Matter,
of direftion E F falls within the bafe. Bue if a
weight, as 4BG H, be laid upon the top of the
bedy, the center of gravity of the whole body
and weight together is raifed up to I and then,
as theline of dire&ion 7 D falls without the bafe
at D, the center of gravity [ is not fupported ;
and the whole body and weight tumble down
together,

Hence appears the abfurdity of people’s rifing
haftily in a coach or boat when it is likely to
overfet : for, by that means they raife the cen-

" ter of gravity {o far as to endanger throwing it

quite out of the bafe; and if they do, they
overfet the vehicle effeCtually.  Whereas, had
they clapt down to the bottom, they would
have brought the line of direftion, and confe-
quently the center of gravity, farther within the
bafe, and by that means might have faved them-
felves,

The broader the bale is, and the nearer the
line of direction is to the middle or center of it,
the more firmly does the body ftand, On the
contrary, the narrower the bafe, and the nearer
the line of direction is to the fide of it, the mare
eafily may the body-be. overthrown, a lefs change
of pofition being fufficient to remove the line
of dire@ion out of the bafe in the latter cafe
than in the former. And hence it is, that a
fphere is fo eafily rolled upon a hori.zonta] plane ;
and that it is fo difficult, if not impoflible, to
make things which are {fharp-pointed to- ftand
upright on the point.—From what hath been
faid, it plainly appears that if the plane be in-
clined on which the heavy body is placed, the
body will flide down upon the plane whilft the
line of direction falls within the bafe ; buc it will
tumble or roll down when that line falls withour

the
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the bale. Thus, the body # will only flide

down the inclined plane C D, whil®t the body B
rolls down upon it.

When the line of dire&ion falls within the
bafe of our feet, we {tand ; and moft firmly when
it is in the middle: but when it is out of that
bafe, we immedia:e}y fall. ~ And it is not only
pleafing, but even furprifing, to reflect upon
the various and unthought-of methods and pof-
tures which we ule to retain this pofition, or ta
recover it when it is loft. For this purpofe we
bend our body forward when we nife from a
chair, or when we go up ftairs: and for this
purpofe a man leans forward when he carries a
burden on his back, and backward when he car-
ries iton his breaft ; and to the right or left fide
as he carries it on the oppofite fide. A thou-
fand more inftances might be added.

The quantity of matter in all bodies is in ex-
att proportion to their weights, bulk for bulk.
Therefore, heavy bodies are as much more denfe
ar compact than light bodies of the fame bulk,
as they exceed them in weight,

All bodies are full of pores, or fpaces void of

matter: and in gold, which is the heavieft of
all known bodies, there is perhaps a greater
quantity of fpace than of matter. For the par-
ticles of heat and magnetifim find an eafy paflage
through the pores of gold 5 and even wager itfelf
has been forced through them, Befides, if we
conlider how ealily the rays of light pafs through
fo folid a body ag glafs, in all manner of direc-
tions, we fhall find reafon to believe thar bodies
are much miore porous than is generally ima-
gined.

- All bodies are fome way or other affeed by

ailfcel

heat ; and ajl metallic bodies are expanded in
8 length,

Fig. 4

All bodies
porous.
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length, breadth, and thicknefs thereby.— Thé
proportion of the expanfion of feveral metals,
according to the beft experiments I have been
able to make with my pyrometer, is nearly thus:
Iron and fteel as 3, copper 4 and an half;
brafs 5, tin 6, lead 7. = An iron rod 3 feet long
is about one 7oth part of an inch longer in
fummer than in winter.

The pyrometer here mentioned being (for
aught I know) of a new conftruétion, a de-
feription of it may perhaps be agreeable to the
reader.

A4 is a flat piece of mahogany, in which are
fixed four brafs ftuds B,C,D,L; and two pins,
one at /' and the other at H. On the pia
F turns the crooked index E I, and upon the
pin H the ftraight index G K, againft which a
piece of watch-fpring R bears gently, and fo
prefles it towards the beginning of the fcale MV,
over which the point of that index moves. This
{cale is divided into inches and tenth parts of an
inch: the firft inch is marked 1000, the fecond
2000, and fo on. A bar of metal O is laid into
notches in the top of the ftuds C and D ; one
end of the bar bearing againft the adjufting
icrew P, and the other end againit the crooked
index E I, at a zoth part of its length from its
center of motion F.—Now it 1s plain, that hows
ever much the bar O lengthens, it will move
that part of the index Z1, againft which it bears,
jult as far: but the crooked end of the fame
index, near H, being 20 times as far from the
center of motion F as the point is againft
which the bar bears, it will move 20 times as
far as the bar Jengthens. And as this crooked
end bears againft the index G K at only a 20th
part of the whole length G from its center of
motion
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motion H, the point S will move through 20
times the fpace that the point of bearing near H
does. Hence, as 20 multiplied by 20 preduces
400, it is evident that if the bar lengthens but a
4ooth part of ‘an inch, the point § will move a
whole inch on the fcale; and as every inch is
divided into 10 equal parts, if the bar lengthens
but the 1oth part of the 4ooth part of an inch,
which is only the goooth part of an inch, the
point § will move the tenth part of an inch,
which is very perceptible.

To find how much a bar lengthens by heat,
firft lay it cold into the notches of the {tuds, and
turn the adjufting fcrew P until the fpring R
brings the point § of rthe index G K to the begin-
ning of the divifions of the fcale at AL: then,
without altering the fcrew any farther, take off
the bar and rub it with a dry woollen cloth till
it feels warm ; and then, laying it on where it
was, obferve how far it puthes the point § upon
the {cale by means of the crooked index E I
and the point § will thew exaétly how much the
bar has lengthened by the heat of rubbing. As
the bar cools, the fpring R bearing againit the
index KG, will caufe its point § to move gra-
dually back towards A/ in the {cale: and when
the bar is quite cold, the index will reft at A4,
where it was before the bar was made warm by
rubbing, The indexes have fmall rollers under
them at Tand K5 which, by turning round on
the fmooth wood as the indexes move, make
their motions the eafier, by taking off a great
part of the frition, which would otherwife be
on the pins I and 77, and of the points of the
indexes themfelves on the wood.

Befides the univerfal properties above men- Magne-
tioned, there are bodies which have properties ™™

: peculiar
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peculiar to themfelves : fuch as the loadftone,
in which the moft remarkable are thele: . It
aptraéts iron and fteel only. 2. It conftantly
turns one of its {ides to the north and another
to the fouth, when fufpended by a thread that
docs not twift, 2. It communicates all its pro-
perties to a piece of {teel when rubbed wpon ir,
without loling any itfelf.

According to Dr. Helfbam’s experiments, the
attraction of the loaditone decreales as the [quare
of the diltance increafes, Thus, if 2 loadftone
be fufpended at one end of a balance, and coun-
terpoifed by weights at the other end, and a
flat piece of iron be placed beneath it, at the
diftance of four tenths of an inch, the ftone will
immediately defcend and adhere to the iron.
But if the ftone be again removed to the fame
diftance, and as many grains be put into the
{cale at the other end as will exaétly counterba-
lance the attraétion, then, if the iron be brought
twice as near the ftone.as before, that is, only
two tenth parts of an inch from it, there muft
be four times as many grains put into the fcale
as before, in order to be a jult counterbalance
to the atcra@ive force, or to hinder the ftone
from defcending and adhering to the iron. So,
if four grains will do in the former cafe, there
muolt be fixteen n the later. But from {fome
later experiments, made with the greateft ac-
cuaracy, it is found that the force of magnetifin
decreales in a ratio between the reciprocal of the
fquare and the reciprocal of the cube of the di-
ftance; approaching to the one or the other, as
the magnitudesof the attracting bodies are varied.

“Several bodies, particularly amber, glafs, jer,
fealing-wax, agate, and almoft all precious
ftones, have a peculiar property of attraéting
and







PLATE 1.

-‘\@ Fiy. 2.

‘/_ ,?‘fynjr./.'- %

A Ferquson dellsre,




Of central Forces.

and repelling light bodies when heated by tub:=
bing. ~ This is called elefirical attraftion, in
which the chief things to be obferved are, 1. If
a glafs tube about an inch and a half diameter,
and two or three feet long, be heated by rub-
bing, it will alternately attract and repel all light
bodies when held near them. 2. It does not
atrraét by being heated without rubbing,.
3. Any light body being once repelled by the
tube, will never be atrradted again till it has
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touched fome other body. 4. If the tube be

rubbed by a moift hand, or any thing that is
wet, it totally deftroys the ele@ricity. - 5. Any
body, except air, being interpofed, ftops the
ele€tricity, 6. The tube attrats {tronger when
rubbed over with bees-wax, and then with a dry
woollen-cloth, 7. When it is well rubbed, if
a finger be brought near it, atabeut the dif
tance of half an inch, the effluvia will [hap
againft the finger, and make a little crackliing
noifey and if this be performed in a dark place,
there will appear a little flafh of light.

BT
Of céntral Forces:

E have already inentioted it 45 a necef-

fary confequence arifing from the dead-

hefs or ina&ivity of matrer, that all bodies
endeavour to continue in the flate they are in,
Whether of reft or motion. 1f the body 4 were
Placed in any part of free fpace; and nothing
€ither drew or impelled it any way, it would for
€ver remain in that part of {pace; becaufe it
ould have no tendency of itfelf to remove any
Way from thence, If it receives a fingle im-
pulfe

All bodies
equally in-
different
to motion
or reft.
Plate I1,
lig,
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pulfe any way, as fuppofe from A towards B, it
will go on in that direction ; for, of itfelf, it
could never {werve from a right line, nor ftop
its courfe.—When it has gone through the fpace
A B, and met with no refiftance, its velocity
will be the fame at B at it was at 4: and this
velocity, in as much more time, will carry it
through as much more {pace, from B to C; and
fo on for ever. Therefore, when we fee a body
in motion, we conclude that fome other fub-
ftance muft have given it that motion; and
when we fee a body fall from motion to reft, we
conclude that fome other body or caufe ftopt it.
As all motion is naturally rectilineal, it ap-
pears, that a bullet projected by the hand, or
thot from a cannon, would for ever continue to
move in the fame direétion it received at firlt, if
no other power diverted its courfe. Therefore
when we {ee a body move-in a curve of any kind
whatever, we conclude it muft be atted upon by
two powers at leaft; one putting it in motion,
and another drawing it off from the reétilineal
courfe it would otherwife have continued to
move in: and whenever that power, which bent
the motion of the body from a ftraight line into
a curve, ceafes to at, the body will again move
on in a ftraight line touching that point of the
curve in which it was when the action of that
power cealed. For example, a pebble moved
round in a fling ever fo long a time, will fly off
the momenc it is fec at liberty, by (lipping one
end of the fling cord: and will go on in 2 line
touching the circle it defcribed before : which
line would actnally be a firaight one, if the
carch’s atcraction did not affet the pebble, and
bring it down to the ground. This thews that
the natural tendency of the pebble, when put
into
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into motion, is fo continue moving in a ftraight
line, although by the force that moves the fling
it be made to revolve in a circle.

The change of motion produced is in propot-The ef-
tion to the force imprefled: for the effeéts of o of
natural caufes are always proporticnate to the ;:if;“ed
force or power of thofe caufes. ]

By thefe Jaws it is eafy to prove that a body
will ‘defcribe the diagonal of a iquare or pa-
rallelogram, by two forces conjoined, in the
fame time that it would delcribe either of the
fides, by one force fingly. Thus, {fuppofe the
body A to reprefent a fhip at fea s and that it Is Fig. 2.
driven by the wind, in the right line A4 B, with
fuch a force as would carry it uniformly from A4
to B in a minute: then fuppofe a {tream or cur-
rent of water running in the direCtion 4 D, with
fuch a force as would carry the fhip through an
equal fpace from 4 to D in a minute. By thefe
two forces, acting togerher at right angles to
each other, the thip will defcribe the line 4 EC
in a minute: which line (becaufe the forces are
equal and perpendicular to each ether) will be
the diagonal of an exalt fquare, To confirm
this law by an experiment, let there be a wooden
fquare ZBCD fo contrived, as to have the part
BEFC made todraw out or pufh into the fguare
at pleafure. To this part ler the pully & be
joined, fo as to turn freely on an axis, which
will be at 77 when the piece is pulhed in, and
at b when it is drawn out. Ta this part let the
ends of a ftraight wire £ be fixed, fo as to mave
along with it, under the pulley; and let the ball
G be made to flide eafily on the wire. A thread
 is fixed to this ball, and poes over the pulley
to I; by this thread the ball may be drawn up
on the wire, parallel to the fide 40, when the

: Ca2 pare

Fig. 3
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part BEFC is pufhed as far as it will go into
the fquare. But, if this part be drawn out, it
will carry the ball along with it, parallel to the
bottom of the fquare D C. By this means, the
ball G may either be drawn perpendicularly up-
ward by pulling the thread m, or moved hori-
zontally along by pulling out the parc B E FC,
in equal times, and through equal fpaces; each
power acting equally and feparately upon it,
But if, when the ball is at G, the upper end of
the thread be tied to the pin I, in the corner 4
of the fixed fquare, and the moveable part
B E FG be drawn our, the ball will then be aéted

‘upon by both the powers together: for it will

be drawn up by the thread towards the top of
the fquare, and at the fame time be carried withits
wire £ towards the right hand B C, moving all
the while in the diagonal line L; and will be
found at ¢ when the {liding part is drawn out as
far as it was before ; which then will have caufed
the thread to draw up the ball to the top of the
mfide of the fquare, jultas high as it was before,
when drawn up fingly by the thread without
moving the fliding part.

If the atting forces are equal, but at oblique
angles to each other, fo will the fides of the
parallelogram be: and the diagonal run through
by the moving body will be longer or fhorter,
according as the obliquity is greater or fmaller.
Thus, if two equal forces act conjointly upon the
body A, one having a tendency to move it
through the fpace 4 B in the fame time that the
other has a tendency to move it through an equal
fpace AD; it will defcribe the diagonal 4G C
in the fame time that either of the fingle forces
would have caufed it to defcribe either of the
fides. If one of the forces be greater than the

2 other,
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other, then one fide of the parallelogram will be
fo much longer than the other. For, if one force
fingly would carry the body through the fpace
AE, in the fame time that the other would have
carried it through the {pace 4D, the jaint action
of both will carry it in the fame time through
the fpace A4 HF, which is the diagonal of the
oblique parallelogram 4D E F.

If both forces a& upon the body in fuch a
manner, as to move it uniformly, the diagonal
defcribed will be a ftraight line; but if one of
the forces aéts in fuch a manper as to make the
body move fafter and fafter, then the line de-
feribed will be a curve, And this is the cafe
of all bodies which are projetted in rettilineal
diretions, and at the fame time ated upon by
the power of gravity ; which has a conftant ten-
dency to accelerate their motions in the direétion
wherein it acts.

From the uniform projectile motionof bodiesin
ftraight lines, and the univerfal power of gravity
or attradtion, arifes the curvilineal motion of all
the heavenly bodies, 1f the body 4 be projected
along the Rraight line 4FH in open fpace,
where it meets with no refiftance, and is not
drawn afide by any power, it will go on for
ever with the fame velocity, and in the fame
dire@ion. But if, at the fame moment the
p}'ojc&ile force is given it at 4, the body S be-
gins to attra& it with a force duly adjufted”,
and perpendicular to its motion at /, it will then
be drawn from the ftraight line 4 F H, and forced

* To malke the projefile force a juflt balance to the gra-
vitating power, {o as to keep the planet moving in a circle,
it muft give foch a velocity as the planet would acquire by
gravity when it had fallen through half the femidiameter of
that circle.

€3 1o
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to revolve about § in the circle A7 % in the
fame manner, and by the fame law, that a peb.
ble is moved round in a fling, And if, when
the body is in any parc of its orbit (as fuppofe
at K) a imaller body as L, within the {phere of
attraction of the body K, be projeéted in the
+ right line L A4, with a force duly adjufted, and
perpendicular to the line of atcrattion LK; then,
the fmall body L will revolve sbout the large
body K in the orbit N O, and accompany it in
its whole courfe round rhe yer larger body S,
But then, the body K will no longer move in
the circle 47 /7 ; for that circle will now be
defcribed by the common center-of gravity be-
tween K and L. Nay, even the great body §
will not keep in the center; for it will be the
cominon center of gravity between all the three
bodies §, K, and L, that will remain immove-
able there. So, if we fuppofe § and K conneéted
by a wire 2 that has no weight, and K and L
connecled by a wire ¢ that has no weight, the
commen center of gravity of all thefe three
bodies will be a point in the wire P near §;
which point being fupported, the bodies will be
all in pquilibrie as they move round it. Thoeugh
indeed, flriGly {peaking, the common center of
gravity of all the three bodies will not be in the
wire P but when thefe bodies are all in the right
line. Here, § may reprefent the fun, K the
earth, and L the moon,

In order ro form an idea of the curves de-
fcribed by two bodies revolving about their com-
mon center of.gravity, whillt they themfelves
with a third body are in motion round the com-
mon center of gravity of all the three; let
us firt fuppofe E to be the fun, and ¢ the
carth going round him without any moon ; ;;nd

' their
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their moving forces regulated as ‘above. In
this cafe, whilft the earth goes round the {un
the dotted cirele R TU W X, &c. the fun will
go round the circle 4 B D, whofe center € is
the common center of gravity between the fun
and earth: the right line 37 reprefenting the
mutual attradtion between them, by which they
are as firmly connected as if they were fixed at
the two ends of an iron bar ftrong enough to
hold them. So, when the earth is at ¢, the
fun will be at £; when the earth is at 7,-the fun
will be at /; and when the earth is at g, the fun
will be at G, &x.

Now, let us take in the moon g (at the top of
the figure) and fuppofe the earth to have no pro-
greffive motion about the fun; in which cafe,
whillt the moon revolves about the earth in her
orbit 15 € D, the ecarth will revolve in the
circle § 13, whofe center R is the common cens
ter of gravity of the earch and moon 5 they be-
ing connedted by the mutual attradtion between
them in the fame manner as the earth and tun
are.

But the truth is, thar whilfk the moon revolves
about the earth, the earth is in motion about
the fun: and now, the moon will caule the
earth to defcribe an irregular curve, and net-a
true circle, round the fun; it being the commen
center of gravity of the earth and moen that will
then defcribe the fame circle which the earth
would have moved in, if it had not been at-
tended by a moon, For, fuppofing the moon
to defcribe a quarter of her progreilive orbic
about the earth in the time that the earcth moves
from ¢ to f; it is plain, that when the carth
comes to f, the moon will be found at 73 in
which time, their common center of gravicy
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will have defcribed the dotted arc R 1 7, the
earth the curve R 5 f, and the moon the curve
g 14 . In the time that the moon defcribes
another quarter of her orbit, the center of gra-
vity of the earth and moon will defcribe the dot-
ted arc 7 2 U, the earth the curve f 6 g, the
moon the curve 15 5, and fo on—And thus,
whilft the moon goes once round the earth in
her progreffive orbit, their common center of
gravity defcribes the regular portion of a circle
R 1T 2 U3V 41, the earththe irregular curve
R 5 f6 g% hb8i, and the moon the yer more
irregular curve ¢ 14 # 15 5 16 £ 17 %3 and then,
the fame kind of tracks over again.

The center of gravity of the earth and moon is
6oco miles from the earth’s center towards the
moon ; therefore the circle § 13 which the earth
defcribes round that center of gravity (in every
courfe of the moon round her orbic) 1s 12000
miles in diameter. Confequently the earth is
12,000 miles nearer the {un at the time of full
moon than at the time of new. [See the earth at
Jfand at 4.]

To avoid confufion in fo {mall a figure, we
have fuppofcd the moon to go only twice and a
half round the earth, in the time that the earth
goes once round the fun: it being impoflible to
take in all the revolutions which the makes in a
year, and to give a true figure of her path, yn-
lefs we fhould make the femidiameter of the
earth’s orbit at leaft g5 inches; and then, the
proportional femidiameter of the moon’s orbit
would be only a quarter of an inch.—For a true
figure of the moon’s path, I refer the reader to
my treatife of aftronomy.

If the moon made any complete number of
revelutions about the earth in the time thac the
carth
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earth makes one revolution about the fun, the
paths of the fun and moon would return nto
themfelves at the end of every year; and fo be
the fame over again : but they return not into
themfelves in lefs than 19 years nearly; in which
time, the €arth makes nearly 19 revolutions
about the fun, and the moon 225 about the earth,

If the planet A be attratted towards the fun,
with fuch a force as would make it fall from 4
to B, in the time that the projectile impulle
would have carried it from 4 to F, it will de-
fcribe the arc 4G by the combined action of thefe
forces, in the fame time that the former would
have caufed it to fall from 4 to B, or the lacter
have carried it from /4 to F. But, if the projec-
tile force had been twice as great, that is, {uch as
would have carried the planet from 4 to F, in
the fame time that now, by the fuppofition, it
carties it only from / to F'; the fun’s ateraction
muft then have been four times as [irong as for-
merly, to have kept the planet in the circle
AT 1775 that is, it muft have been fuch as would
have caufed the planet to fall from 4 to E,
which is four times the diftance of 4 from B, in
the time that the projectile force fingly would
have carried it from 4 to H, whichis only twice
the diftance of 4 from F*, Thus, a double pro-
jeétile force will balance a quadruple power of
gravity in the fame circle ; as appears plain by
the figure, and fhall foon be confirmed by an
experiment, :

The whirling-table is 2 machine contrived for
thewing experiments of this nature. A4 isa
ftrong frame of wood, B a winch or handle

* Here the arcs AG, AT maft he ﬂ‘.ppnf‘gd to be i"ETy

. fmall; etherwife 4 E, which is equal to H 7, will be more

than quadraple to 4 B, which 1s equal to F G.
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fixed on the axis C of the wheel D, reund which
is the catgut ftring ), which alfo goes round the
fmall wheels G and K, crofling between them
and the great wheel D. On the upper end of
the axis of the wheel G, above the frame, is
fixed the round board 4, to which the bearer
A § X may be faftened occafionally, and remov-
ed when it is not wanted. On the axis of the
wheel A is fixed the bearer N7 Z: and it is
cafy to fee that when the winch B is turned; the
wheels and bearers are put intora whirling mo-
t1on.

Each bearer has two wires, /7, X, and 2, Z,

* fixed and fcrewed tight into them at the ends by

nuts on the outfide, And when thefe nuts are
unfcrewcd, the wires may be drawn out in or-
der to change the balls U and 7, which flide
upon thic wires by means of brafs loops fixed in-
to the balls, which keep the balls up from rouch-
ing the wood below them. A ftrong filk line
goes through each ball, and is fixed to it atany
length from the center of the bearer to its end
as occafion requires, by a nut~{crew at the top of
the bull ; the fhank of the- fcrew goes into the
center of the ball; and prefles the line againft
the under fide of the hole that it goés through.
—T'he line goes from the ball, and under a fmall
pulley fixt in the middle of the bearer; then up
through a focket in the round plate (fee § and )
in the middle of each bearer; then through-a
flit in the middle of the fquare top (O and P)
of each tower, and going over a {mall pulley on
the top, comes down again the fame way, and is
at laft faftened to the upper end of the focket
fixt in the middle of the above-mentioned round
plate. Thefe plates § and 7 have cach four
round holes near their edges for letting th]'_:gm
ilide
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flide up and down upon the wires which mak
the corners of each tower. The balls and platés
being thus connctled, each by its particular
line, it is plain thatif theballs be drawn outward,
or towards the ends A7 and N of their refpective
bearers, the round plates § and 7 will be drawn
up to the top of their refpettive towers O and P,
There are feveral brafs weights, fome.of two
ounces, fome of three, and fome of four, to be
occafionally put within the towers O and £, upon
the round plates § and 7 : each weizht having
a round hole in the middle of it, for going upon

the fockets or axes of the piates; and is {lit from

the edge to the hole, for allowing it to be flipt
over the aforefaid line which comes from each
ball to its refpe&ive plate. (See Fig. 2.)

The experiments to be made by this machine
are as follows :

1. Take away the bearer M X, and take the
ivory ball 4, to which the line or {ilk cord 2 is
faftened at one end ; and having madealoop-on
the other end of the cord, put the loop over a
pin fixt in the center of the board 4. Then,
turning the winch B to give the board a whirling
tnotion, you will fee that the ball does not imme-
diately begin to move with the board, but, on

ccount of its inaétivity, it endeavours to conti
nue in the frate of reft which it was in before,.—
Continue turning, undl the board communicates
an equal degree of motion with its own to the
ball, and then turning on, you will perceive that
the ball will remain upon one part of the board,
keeping the fame velocity with it, and having no
relative motion upon it, as is the cafe with every
thing that lics loofe upon the planefarface of the
earth, which having the motion of the earth
communicated £0 ity never endeavolrs to remove
from

29

Fig. 1.

The pro-
penfity of
mater (o
keep the

flate it is

it




Bodies
moving in
orbits
have 2
tendency
to fly out
of thefe
orbits,

Of central Forces.

from that place. But ftop the board fuddenly
by hand, and the ball will go on, and con-
tinue to revolve upon the board, until the
friction thereof ftops its motion : which fhews,
that matter being once put into motion would
continue to move for ever, if it met with no
refiftance. In like manner, if a perfon ftands
upright in a boat before it begins to move, he
can ftand firm ; but the moment the boat fets
off, he is in danger of falling towards that place
which the boat departs from: becaufe, as mat-
ter, he has no natural propenfity to move. But
when he acquires the motion of the boar, let it
be ever fo fwift, if it be fmooth and uniform, he
will ftand as upright and firm as if he was on
the plain fhore ; and if the boat ftrikes againft
any obftacle, he will fall towards that obftacle 5
on account of the propenfity he has, as matter,
to keep the motion which the boat has put him
into.

2. Take away this ball, and put a longer cord
to it, which may be put down through the hol-
low axis of the bearer M X, and wheel G, and
fix a weight to the end of the cord below the
machine ; which weight, if left at liberty, will
draw the ball from the edge of the whitling-
board to its center.

Draw off the ball a little from the center, and
turn the winch ; then the ball will go round and
round with the board, and will gradually fly off
farther and farther from the center, and raife up
the weight below the machine: which fhews
that all bodies revolving in circles have a ten-
dency to fly off from thele circles, and muft have
fome power atting upon them from the center of
motion, to keep them from flying off. Stop the
machine, and the ball will continue to revolve
for
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for fome time upon the board ; but as the fric-
tion gradually ftops its motion, the weight acting
upon it will bring it nearer and nearer to the
center in every revolution, until it brings it
quite thither. This fhews, that if the planets
met with any refiftance in going round the fun,
its attractive power would bring them nearer
and nearer to it in every revolution, until they
fell upon it.

3« Take hold of the cord below the machine Bodies
with one hand, and with the other throw the ball ';:E‘: n
upon the round board as it were at right angles ;.11 o
to the cord, by which means it will go round pits than
and round upon the board. Then obferving in large
with what velocity it moves, pull the cord be- "¢
low the machine, which will bring the ball nearer
to the center of the board, and you will {ee that
the nearer the ball is drawn to the center, the
fafter it will revolve ; as thofe planets which are
neareft the fun revolve fafter than thofe which
are more remote ; and not only go round fooner,
becaufe they defcribe fmaller circles, but even
move fafter in every part of their refpeétive
circles,

4. Take away this ball, and apply the bearer Their
M X, whofe center of motion is in its middle at ‘e']“}"f““
w, directly over the center of the whirling-board o
4. Then put two balls (7 and U) of equal
weights upon their bearing wires, and having
fixed them at equal diftances from their refpeclive
centers of motion @ and » upon their filk cords,
by the fcrew nuts, put equal weights in the
towers O and P. Laftly, put the catgut ftrings
£ and F upon the grooves G and / of the {mall
wheels, which being of equal diameters, will eive
equal velocities to the bearers above, when the
winch B is turned : and the balls U and 7 will

fly
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fly off towards M and N; and will raife the
weights in the towers at the fame inftant.  This
fhews, that when bodies  of equal quantities of
matter revolve in equal circles with equal velo-
cities, their centrifugal forces are equal.

5. Take away thefe equal balls, and inltead
of them, pat a ball of fix ounces into the bearer
M X, at a fixth part of the diftance w z from the
center, and put a ball of one cunce into the ep-
pofite bearer, at the whole diftance  y, which
1s equal to w z from the center of the bearer ;
and fix the balls at thefe diftances on their cords,
by the ferew nuts at top ; and then the ball U,
which is ix times as heavy as the ball 77, will be
at only a fixth part of the diftance from its cen-
ter of motion ; and confequently will revolve in
a circle of only a fixth part of the circumference
of the circle in which 7 revolves. Now, let any
equal weights be put into the towers, and the
machine be turned by the winch ; which (as the
catgut ftring is on equal wheels below) will
caule the balls to revolve in equal times ; but 7
will move fix times as faft as U, becaufe it re-
volves in a circle of fix times its radiuss and
both the weights in the towers will rife at once.
This thews, that the centrifugal forces of revolv-
ing bodies (or their tendencies to fly off from the
circles they defcribe) are in direct propertion to
their quantities of matter multiplied into their
refpective velocities 5 or into their diftances from
the centers of their refpective circles, For, fap-
pofing U, which weighs fix ounces, to be two
inches from its center- of mortion 2w, the weighy
multiplied by the diftance is 12 : and {uppofing
¥, which weighs only one ounce, to be 12 inches
diftant from the center of motion ¥, the weight

1 ounce multiplied by the diftence 12 inches

5 ‘ is
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is 12. And as they revolve in equal times, their
velocities are as their diftances from the center,
namely, as 1 to 6.

If thefe two balls be fixed at equal diftances
from their refpective centers of motion, they
will move with equal velocities; and if the
tower O has 6 times as much weight put into it
as the tower P has, the balls will raife their
weights exattly at the fame moment. This
thews that the ball U being (ix times as heavy as
the ball 7, has fix times as much centrifugal
force, in defcribing an equal circle with an equal
velocity. '

6. If bodies of equal weights revolve in equal A double
circles with unequal velocities, their centrifugal velocity
forces are as the fquares of the velocities. To ;};ﬂfjte(:l'r-
prove this law by an experiment, let two balls cje i5 a
U and ¥ of equal weights be fixed on their cords balance
at equal diftances from their refpective centers © 2 qua-
of motion w and »; and then let the catgut p';%:r of
ftring E be put round the wheel K (whofe cir- grayity,
cumference is only one half of the circumference
of the wheel H or G) and over the pulley s to
keep it tight ; and let four times as much weight
be put into the tower P, as in the tower O.
Then turn the winch B, and the ball 7 will re-
volve twice as faft as the ball U in a circle of the
fame diameter, becaufe they are equidiftant from
the centers of the circles in which they revolve
and the weight in the towers will both rife at
the fame inftant, which fhews that a double ve-
locity in the fame circle will exactly balance 2
quadruple power of astraGtion in the center of
the circle, For the weights in the towers may
be confidercd as the attractive forces in the cen-
ters, acting upon the revolving balls; which,

moving
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moving in equal circles, is the fame thing as if
they both moved in one and the fame circle.

7. If bodies of equal weights revolve in un-
equal circles, in fuch a manner that the fquares
of the times of their going round are as the
cubes of their diftances from the centers of the
circles they defcribe ; their centrifugal forces are
inverfely as the fquares of their diftances from
thofe centers. For, the catgut ftring remaining
as in the laft experiment, let the diftance of the
ball 7 from the center » be made equal to two
of the crofs divifions on its bearer 5 and the dif~
tance of the ball U from the center @ be three
and a fixth part ; the balls themfelves being of
equal weights, and 7 making two revolutions
by turning the winch, in the time that U makes
one: fo that if we fuppofe the ball # to revolve
in one fecond, the ball U will revolve in two
feconds, the fquares of which are one and four:
for the fquare of 1 is only 1, and the {quare of
2 is 43 therefore the fquare of the period or
revolution of the ball 7, is contained four times
in the fquare of the period of the ball U. Bug
the diftance of 7 is 2, the cube of which is 8,
and the diftance of U is 3%, the cube of which
is 32 very nearly, in which 8 is contained four
times ; and therefore, the fquares of the periods
of ¥ and U are to one another as the cubes of
their diftances from x and @, which are the cen-
ters of their refpetive circles. And if the
weight in the tower O be four ounces, equal to
the {quare of 2, the diftance of // from the cen-
ter x; and the weight in the tower P be 1o
ounces, nearly equal to the fquare of 3%, the dif-
tance of U from w ; it will be found upon turn-
ing the machine by the winch, that the balls T/
and 7 will raife their refpeftive weights h%m

the
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the fame inftant of time. Which confirms that
famous obfervation of KerLEr, viz. That the
fquares of the times in which the planets go round
the fun are in the fame proportion as the cubes of
their diftances from him; and that the fun’s at-
traction is Inverfely as the fquare of the diftance
from his center : that is, at twice the diftance,
his 4ttraction is four times lefs ; and thrice the
diftance, nine times lefs ; at four times the dif-
tance, fixteen times lefs; and fo on, to the rc-
moteft part of the {yftem.

8. Take off the catgut ftring E from the
great wheel D and the ifmall wheel H, and let
the ftring F' remain upon the wheels D and G.
Take away alfo the bearer A7 X from the whiil-
mg-board 4, and inftead thereof put the ma-
chine 4 B upon it, fixing this machine to the
center of the board by the pins ¢ and 4, in fuch
a manper, that the end ¢f may rife above the
board to an angle of 30 or 40 degrees. In the

Fig- 3.

The ab-

L]

upper fide of this machine are two glafs tubes furdity of
4 and 4, clofe ftopt at both ends; and each the Carte-

tube is about three quarters full of water. In
the tube ¢ is a litdde quickfilver, which naturally
falls down to the end & in the water, becaufe
it is heavier than its bulk of water; and in the
tube £ is a fmall cork which floats on the top
of the water at e, becaufe it is lighter; and it
is Imall enough to have liberty to rife or fall
in the tube. While the board % with this ma-
chine upon it continues ac reft, the quickfilver
lies at the bottom of the tube #, and the cork
floats on the water near the top of the tube 4. But,
upon turning the winch, and patting the ma-
chine in motion, the contents of each tube will
fly off towards the uppermoft ends (which are
fartheft from the center of motion) the heavieft

with

180 VvOr=
[EXCSe




Of ceniral Forcés:

with the greateft force. Therefore the quicks
filver in the tube ¢ will fly off quite to the end
f» and occupy its bulk of fpace there, excluding
the water from that place, becaufe it is lighter
than quickfilver; but the water in the tube &
flying off to its higher end ¢, will exclude the
cork from that place, and caufe the cork to de-
fcend towards the lowermoft end of the tube,
where it will remain upon the loweft end of the
water niear &3 for the heavier body baving the
greater centrifugal force, will therefore pofiefs
the uppermoft part of the tube; and the lighter
body will keep bertween the heavier and the
lowermoft part. :

This demonftrates the abfurdity of the Carte-
fian do&rine of the planets moving round the
fun in vortexes: for, if the planet be more
denfe or heavy than its bulk of the vortex, it will
fly off therein, farther and farther from the fun
if lefs denfe, it will come down to the loweft
part of the vortex, at the fun: and the whole
vortex itfelf muft be furrounded with fomething
like a great wall, otherwife it would fly quite off,
planets and all together.—But while gravity ex-
ifts, there is no occafion for fuch vortexes; and
when it ceafes to exift, a ftone thrown upwards
will never rerurn to the earth again.

frone hoo Sk If a body be fo p_laced on the whirling-
dy moves board of the machine (Fig, 1.) that the center of
round  gravity of the body be direclly over the center
ol board, and the board be put inio ever fo
them ouug Fapid @ motion by the winch B, the body will
move  turn round with the board, but will not remove
round  from the middle of it; for, as all parts of the
'rff)‘;i? body are in eguilibrio round its center of gravity,
e and the center of gravity is at reft in the center

gravity. of motion, the cenwrifugal force of all parts ﬁf
1 the
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the body will be equal at equal diftances from
its center of motion, and,therefore the body will
remain in its place, But if the center of gravity
be placed ever fo little out of the center of mo-
tion, and the machine be turned fwiftly round,
the body will fly off towards that fide of the

37

board on whichits center of gravicy lies. Thus, Fig. 4.

if the wire € with its little ball B be taken away
from the demi-globe 4, and the flat fide ¢f of
this demi-globe be laid upon the whirling: board
of the machine; fo that their centers may coin-
cide; if then the board be turned ever fo quick
by the winch; the demi-globe will remain where
it was placed. But if thie wire € be fcrewed into
the demi-globe at d, the whole becomes one
body, whofe center of gravity is now at or near
d. Let the pin ¢ be fized in the center of the
whitling-board, and the deep groove # cutin the
flat fide of the demi-globe be put upon the pin,
fo as the pin may be in the center of A [See Fig.
5. where this groove is reprefented at 4] and let
the whirling-board be turned hy the winch,
which will carry the little ball B (Fig. 4.) with
its wire C, and the demi-globe 4, all round the
eenter-pin ¢ i3 and then, the centrifugal force of
the lictle ball B, which weighs only one ounce,
will be fo great, as to draw off the demi-globe
A, which weighs two pounds, until the end of
the groove ac ¢ flrikes againft the pin ¢, and
fo prevents the demi-globe 4 from going any
farther : otherwife, the centrifugal force of B
would have been great enough to have carried
A quite off the whirling-board. Which fhews,
that if the {in were placed in the very center of
the orbits of the plancts, it could not poffibly
remain there; for the centrifugal forces of the
planets would carry them quite off, and the fun

D2 with
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with them; efpecially when feveral of them hap-
pened to be in any one quarter of the heavens,
For the fun and planets are as much connefted
by the mutual attraction that fubfifts between
them, as the bodies .4 and B are by the wire C
which is fixed into them both. And even if
there were but one [ingle planet in the whole
heavens to go round ever fo large a fun in the
center of its orbit, its centrifugal force would
foon carry off both itfelf and the fun. For, the
oreateft body placed in any part of free fpace
might be eafily moved: becaufe if there were no
other body to attract it, it could have no weight
or gravity of itfelf; and confequently, though it
could have no tendency of itfelf to remove from
that part of fpace, yet it might be very eafily
moved by any other fubftance.

10. As the centrifugal force of the light body
B will not allow the heavy body A to remain in
the center of motion, even though it be 24 times
as heavy as B; let us now take the ball 4 (Fig.
6.) which weighs 6 ounces, and connect it by
the wire C with the ball B, which weighs only
one ounce ; and let the fork E be fixed into the
center of the whirling-board : then hang the
balls upon the fork by the wire C in fuch a man-
ndr, that they may exactly balance each other;
which will be when the center of gravity between
them, in the wire at 4, is fupported by the fork.
And this center of gravity 1s as much nearer to
the center of the ball 4, than to the center of the
ball B, as A4 is heavier than B, allowing for the
weight of the wire on each fide of the fork,
This done, let the machine be put into motion
by the winch ; and the balls 4 and<B will go
round their common center of gravity 4, keep-
ing their balance, becaufe either will not allow
the
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the other to fly off with it. For, fuppofing the
ball B to be only one ounce in weight, and the
ball A to be fix ounces; then, if the wire C were
equally heavy on each fide of the fork, the center
of gravity 4 would be {ix times as far from the
center of the ball B as from that of the ball 4,
and confequently B will revolve with a velocity
fix times as great as 4 does ; which will give B
fix times as much centrifugal force as any fingle
ounce of A has: but then, as B is only one
ounce, and / fix ounces, the whole centrifugal
force of 4 will exactly balance the whole centri-
fugal force of B : and therefore, each body will
detain the other fo as to make it keep in its
circle. This thews that the fun and planets muft
all move round the common center of gravity
of the whole fyftem, in order to preferve that juait
balance which takes place among them. For,
the planets being as una@ive and dead as the
above balls, they could no mere have put them-
felves into motion than thefe balls can; nor have
kept in their orbits without being balanced at
firft with the greateft degree of exactnefs upon
their common center of gravity, by the Almighty

hand that made them and put them in motion,
Perhaps it may be here afked, that fince the
center of gravity between thefe balls muft be
fupported by the fork £ in this experiment,
what prop it is that fupports the center of gra-
vity of the folar fyftem, and confequently bears
the weight of all the bodies in it; and by what
is the prop itfelf fupported? The anfwer is eafy
and plain; for the center of gravity of our balls
muft be {upported, becaufe they gravitate to.
wards the earth, and would therefore fall o i .
but as the fun and planets gravitate only tgwards
3 one
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one another, they. have nothing elfe to fall tos
and therefore have no occafion for any thing to
fupport their common, center of gravity: and if
they did not move round that ceater, and confe-
quently acquire a tendency to fly off from it by
their motions, their mutual attra@ions would
foon bring them together; and fo the whole
would become one mafs in the fun: which would
alfo be the cafe if their velocities round the {un
were not quick enough to creatc a centrifugal
force equal to the fun’s attraétion.

But after all this nice adjultment, it appears
evident that the Deity cannot withdraw his re-
gulating hand from his works, and leave them
to be folely governed by the laws which be has
impreft upon them a¢ firft. For if he fhould
once leave them fo, their order would In time
come to an end ; becaufe the planets moft ne-
ceffarily difturb one another’s motions by their
mutual attractions, when feveral of them are in
the fame quarter of the heavens; as is often the
cafe : and then, as they attralt the fun more
towards that quarter than when they are in a
manper difperfed equably around him, if he was
not at that time made to defcribe a portion of 2
larger circle round the commcn cener of gravity,
the balance ‘would then be immediately de-
ftroyed; and as it could never reftore itfelf again,
the whole fyftem would begin to fall together,
and would in time unite in a mafs at the {un,—
Of 'this difturbance we have a very remarkable
inftance in the comet which appeared lately ; and
which, in going laft up before from the fun, went
fo near to Jupiter, and was fo affeéted by his
attradtion, as to have the figure of its orbit much
changed; and not only fo, but to bave its period

' iy ' altered,
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altered, and its courfe to be different in the heas
vens from what it was laft before.

11. Take away the fork and balls from the Fig. 7
whirling.board, and place the trough 43 there-
on, fixing its center to the center of the whirl-
ing-board by the pin /7. In this trough are two
balls D and E, of unequal weights, connected
by a wire f; and made to flide eafily upon the
wire C ftretched from end to end of the trough,
and made faft by nut-fcrews on the outfide of the
ends. Let thefe balls be fo placed upon the wire
C, that their common center of gravity g may be
directly over the center of the whirling-board,
Then, turn the machine by the winch, ever fo
fwiftly,and the troughand balls will goround their

center of gravity, fo as neither of the balls will fly
off; becaule, on account of the equilibrium, each

ball detains the other with an equal force acting
againft it. But if the ball £ be drawn a little
morg towards the end of the trough at 4, it will
remove the center of gravity towards that end
from the center of motion; and then, upon
turning the machine, the little ball £ will fly off,
and ftrike with a confiderable force againit the
end 4, and draw the great ball B into the middle
of the trough. Or, if the great ball D be drawn
fowards the end B of the trough, fo that the cen-
ter of gravity may be a little towards that end
from the center of motion, and the machine be
turned by the winch, the great ball D will fly off,
and ftrike violently againft the end B of the
trough, and will bring the little ball £ into the
middle of it. If the trough be not made very
ftrong, the ball D will break through it,

12. The reafon why the tides rife at che fame OF the
abfolute time on oppofite fides of the earth, and tides.

D4 confequently
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confequently in oppofite direftions, is made
abundantly plain by a new experiment on the

whirling table. The caufeof theirrifingon thefide .

next the maon every one underftands to be owing
to the moon’s attraétion: but why they fhould
rife on the oppofite fide at the fame time, where
there is no moon to attract them, is perhaps not
fo generally underftood. For it would {eem
that the moon fhould rather draw the waters (as
it were) clofer to that fide, than raife them upon
it, directly contrary to her attractive force. Let
the circle abed reprefent the earth, with its fide
¢ turned toward the moon, which will then at-
tract the waters fo, as to raife them from ¢ to g.
But the queftion is, why fhould they rife as high
at that very time on the oppofite fide, from a to
¢? In order to explain this, let there be a plate
A B fixed upon one end of the flat bar DC; with
fuch a circle drawn upon it as abed (in Fig. 8.)
to reprefent the round figure of the earth and
{ea; and fuch an ellipfis as ¢fg & to reprefent the
{welling of the tide at eand g, occalioned by the
influence of the moon. Over this plate 4B let
the three ivory balls ¢, f, g, be hung by the filk
lines b, i, k, faftened to the tops of the crooked
wires H, I, K, in fuch a manner, that the ball at
¢ may hang frecly over the fide of the circle ¢
which is fartheft from the moon M at the other
end of the bar); the ball at f may hang freely
over the center, and the ball at g hang over the
fide of the circle g, which is neareft the moon,
The ball f may reprefent the center of the earth,
the bal! g fome water on the fide next the moon,
and the ball ¢ fome water on the oppofite fide,
On the back of the moon M is fixt the fhort bar
IV parallel to the horizon, and there ar¢ three

holes in it above the liztle weights p, ¢, 7. A
' : filk
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filk thread o is tied to the line % clofe above the
ball g, and paffing by one fide of the moon A,
goes through a h()'ze in the bar N, and has the
weight p hung to it. ~ Such another thread # is
tied to the line 7, clofe above the ball £, and
paffing through the center of the moon A7 and
middle of the bar IV, has the weight ¢ hung to
it, which is lighter than the weight p. A third
thread m is tied to the line b, clole above the ball
¢, and pafling by the other fide of the moon A4,
through the bar N, has the weight # hung to it,
which is lighter than the weight g.

The ufe of thefe three unequal weights is to
reprefent the moon’s unequal atcraétion at diffe-
rent diftances from her. With whatever force
fhe attraéts the center of the earth, fhe attradts
the fide next her with a greater degree of force,
and the fide fartheft from her with a lefs. So,
if the weights are left at liberty, they will draw
all the three balls towards the moon with diffe-
rent degrees of force, and caufe them to make
the appearance fhewn in Fig. 10; by which
means they are evidently farther from each other
than they would be if they hung at liberty by the
lines &, 7, k3 becaufe the lines would then hang
perpendicularly, This fhews, that as the moon
attracts the fide of the earth which is neareft her
with a greater degree of fofce than fhe does the
center of the earth, fhe will draw the water on
that fide more than fhe draws the center, and fo
cavie it to rife on that fide: and as the draws the
center more than fhe draws the oppofite fide,
the center will recede farther from the furface of
the water on that oppofite fide, and fo leave it as
high there as fhe raifed it on the fide next to her.
For, as the center will be in the middle between

the
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the tops of the oppofite elevations, they muft of
courle be equally high on both fides at the fame
time.

But upon this fuppofition the earth and moon
wonld foon come together : and to be fure they
would, if they had not a metion round their
common center of gravity, to create a degree of
centrifugal force fufficient to balance their mu-
tual attraction. This motion they haves for as
the moon goes round her orbit every month, at
the diftance of 240000 miles from the earth’s
center, and of 234000 miles from the center of
gravity of the earth and moon, fo does the earth
go round the fame center of gravity every month
at the diftance of 6ooo miles from it; that is,
from it to the center of the earth, Now as the
earth is (in round numbers) 8ooo miles in dia-
meter, it is plain that its fide next the moon is
only 2000 miles from the common center of gra-
vity of the earth and moon; its center booo
miles diftant therefrom; and its farther fide from
the moon 10000, Therefore the centrifugal
forces of thefe parts are as 2000, 6ooo, and
100003 that is, the centrifugal force of any fide
of the earth, when it is turned from the moon,
is five times as great as when it is turned towards
the moon. And as the moon’s attradtion (ex-
preft by the numbers 6000) at the earth’s center
keeps the earth from flying out of this monthly
circle, it muft be greater than the centrifugal
force of the waters on the fide next her; and
confequently, her greater degree of attraction on

chat fide is fufficient to raife them s but a8 her
attraction on the oppofite fide is lefs than the
centrifugal force of the water there, the excefs
of this force is fufficient to raife the water jug as
1zh
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high on the oppofite fide.—To. prove this expes Fig. .
timentally, let the bar D C with its furniture be
fixed upon the whirling-board of the machine
(Fig. 1.) by pufhing the pin P into the center
of the board ; which pin is in the center of gra-
vity of the whole bar with its three balls ¢, 58
and moon M. Now if the whirling-board and
bar be turned flowly round by the winch, until
the ball £ hangs over the center of the circle, as
in Fig, 11. the ball g will be kept towards the
meon by the heavieft weight p, (¥Fig. g,) and
the ball e, on account of its greater centrifugal
force, and the leffer weight 7, will fly off as far
to the other fide, asin Fig. 11. And fo, whilft
the machine is kept turning, the balls ¢ and
will hang over the ends of the ellipfis/ f k. Sa
that the centrifugal force of the ball ¢ will ex-
ceed the moen’s attradtion juft as much as her
atrration exceeds the centrifugal force of the
ball g, whilft her attraction juft balances the cen-
trifugal force of the ball £, and makes it keep
in its circle, And hence it is evident that the
tides muil rife to equal heights at the fame time
on oppolite fides of the earth, This experi-
ment, to the beft of my knowledge, is entirely
hew.

From the principles thus eftablifhed, it is The
evident that the earth moves. round the fun, and e2r'h’s
not the fun round the earth ; for the centrifucal fkid
law will never allow a great body to move round g eeq.
a imall one in any orbit whatever , ipecially
when we find that if a fmall body moves round
a great oae, the great one mult alfo move round
the common center of gravity berween them twoy
And it is well known that the quaatity of matter
in the fun is 227000 times as great as the quan-
tity of matter in the earth.  Now, as the fun’s
~R diftance
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diftance from the earth is at leaft 81,000,000 of
miles, if we divide that diftance by 227,000, we
fhall have only 357 for the number of miles thac
the center of gravity between the fun and earth
is diftant from the fun’s center. And as the
fun’s femidiameter is + of a degree, which, at fo
great a diltance as that of the fun, muft be no
lefs than 381500 miles, if this be divided by
357, the quotient will be 10682, which fhews
that the common center of gravity between the
fun and earth is within the body of the fun;
and is only the 10683 part of his femidiameter
from his center toward his furface.

All globular bodies, whofe parts can yield,
and which do not turn on their axes, muft be
perfe@t fpheres, becaufe all parts of their furfaces
are equally attracted toward their centers. But
all fuch globes which do turn on their axes will
be oblate fpheroids ; that is, their furfaces will
be higher, or farther from the center, in the
equatoreal than in the polar regicns. For, as
the equatoreal parts move quickeft, they muft
have the greatelt centrifugal force; and will
therefore recede farthelt from the axis of mo-
tion, Thus, if two circular hoops 4 B and
C D, made thin and flexible, and crofiing one
another at right angles, be turned round their
axis E I by means of the winch #, the wheel »,
and pinion ¢, and the axis be loofe in the pole
or interfection ¢, the middle parts 4, B, C, D
will fwell out fo as to ftrike againft the fides of
the frame at F and G, if the pole ¢, in finking
to the pin E, be not flopt by it from finking
farther : fo that the whole will appear of anoval
figure, the equatoreal diameter being confide-
rably longer than the polar. That our earth ig
of this figure, is demonftrable from a¢tual mea-
furement
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furement of fome degrees on its {urface, which
are found to be longer in the frigid zones than
in the torrid: and the difference 1s found to be
fuch as proves the earth’s equatoreal diameter
to be 36 miles longer than its axis,—Seeing then,
the earth 1s higher at the equator than at the
poles, the fea, which like all other fluids natu-
rally runs downward (or towards the places
which are neareft the earth’s center) would rua
towards the polar regions, and leave the equato-
real parts dry, if the centrifugal force of the
water, which carried it to thole parts, and fo
raifed them, did not detain and keep it from
running back again towards the poles of the
carth,

LBy HN
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I F we confider bodies in motion, and com- The
pare them together, we may do this either founda-
with refpect to the quantities of matter they tion of
contain, or the velocities with which they are i::a'::;;
moved. The heavier any body is, the greater "
1s the power required either to move it or to ftop
Its motion: and again, the {wifter it moves, the
greater is its force. So that the whole momen-
#um or quantity of force of a moving body is the
refult of its quantity of matter multiplied by the
velocity with which it is moved. And when the
produtts ariling from the multiplication of the
particular quantities of matrer in any two bodies.
by their refpeétive velocities are equal, the mo-
menta or intire forces are fo too. Thus, fup-
pofe a body, which we thall call 4, to weigh 40
pounds, and to move at the rate of two miles

n
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in a minute; and another body, which we fhail
call B, to weigh only four pounds, and to meve
20 miles in a minute; the entire forces with -
which thefe two bodies would firike againft any
obftacle would be equal to each other, and there-
fore it would require equal powers to ftop them.
For 40 multiplied by 2 gives 80, the force of
the body 4: and 20 multiplied by 4 gives 8o,
the force of the body B.

Upon this cafy principle depends the whele
of mechanics: and it holds univerfally true;
that when two bodies- are fufpended on any
machine, fo as to aé contrary to each other; if
the machine be put into motion, and the per-
pendicular afcent of one body multiplied into
1ts weight, be equal to the perpendicular defcent
of the other body multiplied into its weight,
thofe bodies, how unequalfoever in their weights,
will balance one aneother in all fituations : for,
as the whole afcent of one is performed in the
fame time with the whole defcent of the other;
their refpective velocities muit be directly as the
{paces they move through; and the excefs of
weight in one body is compenfated by the excels
of velocity in the other.—Upon this principle it
is eafy to compute the power of any mechanical
engine, whether fimple or compound ; for it is
but only finding how much fwifter the power
moves than the weight does (7.e. how much far-
ther in the fame time) and juft fo much is the
power increafed by the help of the engine.

In the theory of this fcience, we fuppofe: all
planes perfeétly even, all bodies perfectly imooth,
levers to have no weight, cords to be extremely
pliable, machines to have no fri¢tion; and in
fhort, all imperfe@tions muft be fet afide until
the
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the theory be eftablithed ; and then, proper
allowances are to be made,

The fimple machines, uloally called mechanical 1, T
powers, are fix in number, viz. the Zwer, the chanic
wheel and axle, the pulley, the incliyed plane, the powers,
wedge, and the [irew.—They are called mecha. What
nical powers, becaufe they help us mechanically
to raife weights, move heavy bodies, and over=
come refiftances, which we could not effedt with-
out them.

I. A lever is a bar of iron or wood, one patt The z.
of which being fupported by a prop, all the er.
other parts turn upon that prop as their center
of motion: and the velocity of every part or
poiat is directly as its diftance from the prop.
Therefore, when the weight to be raifed ar one
end is to the power applied at the other to raife
it, as the diftance of the power from the prop
i3 to the diftance of the weight from the prop,
the power and weight will exactly balance or
counterpoife each other: and as a common lever
has next to no friction on its prop, a very
little additional power will be fufficient to raife
the weight.

There are four kinds of levers, 1. The
common fort, where the prop is placed between
the weight and the power; but much nearer to
the weight than to the power. 2. When the
Prop is at one end of the lever, the power at the
other, and the weight between them. 3. When
the prop is at one end, the weight at the other,
and the power applied between them. 4. The
bended lever, which differs only in form from
the firft fort, but not in property. Thofe of the
firft and fecond kind are often ufed in mechani-
cal engines; but there are few inftances in which
the third fort is ufed.

A CWH-:
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A common balance is by fome reckoned a legef
of the firlt kind ; but as borh its ends are ag
equal diftances from its center of motion, they
move with equal velocities; and therefore, as
it gives no mechanical advantage, it cannot pro-
perly be reckoned among the mechanical powers.

A lever of the firlt kind is reprefented by the
bar 4 B C, fupported by the prop D. Its prin-
cipal ufe is to loofen large flones in the ground,
or raife great weights to fmall heights, 1n order
to have ropes put under them for raifing them
higher by other machines. The parts 4 B and
B C, on different fides of the prop D, are called
the arms of the lever : the end A4 of the fhorter
arm A B being applied to the weight intended
to be raifed, or to the refiftance to be overcome;
and the power applied to the end C of the lenger
arm B C,

In making experiments with this machine, the
thorter arm A4 B muft be as much thicker than
the longer arm B C, as will be {ufficient to ba-
lance it on the prop. This fuppofcd, let P re-
prefent a power, whofe gravity is equal to 1
ounce, and /7 a weight, whofe gravity is equal
to 12 ounces. Then, if the power be 12 times
as far from the prop as the weight is, they will
exaltly counterpoife; and a fmall addition to
the power P will caufe it to defcend, and raife
the weight 7775 and the velocity with which the
power defcends will be to the velocity with
which the weight rifes, as 12 to 1: that is,
directly as their diftances from the prop; and
confequently, as the fpaces through which they
move. Hence, it is plain that & man, who by
his natural ftrength, without the help of any

_ machine, could fupport an hundred weight, will

by the help of this lever be enabled to fupport
twelve




Of the mechanical Powers. 51

twelve hundred.  If the weight be lefs, or the
power greater, the prop may be placed fo much
farther from the weight; and then it can be
raifed to a proportionzbly greater height. For
univerfally, if the in:enﬁ;y of the weight mul-
tiplied into its diftance from the prop be equal
to the intenfity of the power muliiplied into its
diftance from the prop, the power and weighe
will exactly balance each other ; and a little ad-
dition to the power will raife the weight. Thus,
in the prefent inftance, the weight #7 is 12
ounces, and its diftance from the prop is 1 inch 3
and 12 muliplied by 1 is 123 the power P is
€qual to 1 ounce, and its diflance from the prop
1s 12 inches, which multiplied by 1 is 12 agail;
and therefore there is an equilibrium between
them. So, if a power equal to 2 ounces be ap-
plied at the diftance of 6 inches from the prop,
it will juft balance the weight 77; for 6 mulii-
plied by 2 is 12, as before.  And a power equal
to 3 ounces placed at 4 inches diftance from the
prop would be the fame; for 3 times 4 is 123
and fo on, in proportion.-

The fatera or Roman fleelyard is a lever of The fieel-
this kind, and is ufed for finding the weights of yor4.
different bodies by one fingle weight placed at
different diftances from the prop or center of
motion D. For, if a fcale hangs at 4, the ex-
tremity of the fhorterarm 4 B, and is of fuch a
weight as will exactly counterpoife the longer
arm B C; if this arm be divided into as many
equal parts as it will contain, each equal to 4 B,
the fingle weight 2 (which we may fuppole to
be 1 pound) will {ferve for weighing any thing
as heavy as itfeif, or as many times heavier as
thege are divifions in the arm B C, or any quan-
tity between its own w;:ight and that quantity.

, g, Hs
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As for example, if P be 1 pound, and placed
at the fArft divifion 1 in the arm BG, it will
balance 1 pound in the feale at A: if it be re-
moved to the fecond divifion at 2, it will ba-
Jance 2 pounds in the fcale : if to the third, 3
pounds 3 and fo on to the end of the arm B C.
If each of thefe integral divifions be fubdivided
into as many equal parts as a pound contains
ounces, and the weight P be placed at any of
thefe fubdivifions, fo as to counterpoife what is
in the fcale, the pounds and odd ounces therein
will by that means be afcertained.

To this kind of lever may be reduced feveral
forts of inftruments, fuch as fciflars, pinchers,
fnuffers ; which are made of two levers alting
contrary to one another : their prop or centerof
motion being the pin which keeps them toge-
ther.

In common pra&ice, the longer arm of this
! lever greatly exceeds the weight of the thorter :
! which gains great advantage, becaufe it adds fo

much to the power.
The fe- A lever of the fecond kind has the weight
cond kind between the prop and the power. In this, as
of lever. el as the former, the advantage gained is as
the diftance of the power from the prop to the
diftance of the weight from the prop: for the
refpeive velocities of the power and weight are
in that proportion ; and they will balance each
other when the intenfity of the power multi-
plied by its diftance from the prop is equal to
the intenfity of the weight muluplied by its dif-
Fig.2.  tance from the prop. Thus, if 4 B be a lever
on which the weight #7 of 6 ounces hangs at the
diftance of 1 inch from the prop G, and a power
P equal to the weight of 1 ounce hangs at the
¢nd B, 6 inches from the prop, by the cord
CD
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C D going over the fixed pulley E, the power
will juft fupport the weight: and a fmall ad-
dition to the power will raife the weight, ¢ inch
for every 6 inches that the power defcends.

This lever fhews the reafon why two men
carrying a burden upon a ftick between them,
bear unequal fhares of the burden in the in-
verle proportien of their diftances fromit.  For
it 1s well known, that the nearer any of them is
to the burden, the greater fhare he bears of it:
and if he goes dire@ly under it, he bears
the whole. So, it one man be at G, and the
other at P, having the pole or ftick 4 B refting
on their fhoulders ; if the burden or weight /#
be placed five times as near the man at G, as it
15 to the man at P, the former will bear fve
times as much weight as the latter. This is
Iikewife applicable to the cafe of two horfes of
unequal flrength to be fo yoked, as that each
horfe may draw a part proportionable to his
firength 5 which is done by fo dividing the beam
they pull, that the point of traltion may be as
much nearer to the fironger horfe than to the
weaker, as the flrength of the former exceeds
that of the latter.

To this kind of lever may be reduced oars,
rudders of fhips, doors turning upon hinges,
cutting-knives which are fixed at the point of
the %)lade, and the like.

If in this lever we fuppofe the power and The third
weight to change places, o that the power may kind of
be between the weight and the prop, it will be- €™
come a leverof the third kind : in which, that
there may be a balance between the power and
the weight, the intenfity of the power muft ex-
ceed the ‘intenfity of the weight, juft us much
as the diftance of the weight from the prop ex-

E 2 ceeds




4

Ly
e
'..u

The
fourth
kind of
Tever.
Fig. 4.

Of the mechanical Powers.

ceeds the diftances of the power fromit. Thus,
let £ be the prop of the lever 4B, and 7/ g
weight of 1 pound, placed 3 times as far from
the prop, as the power P alts at F, by the
cord C going over the fixed pulley D; in this
cafe, the power muft be equal to three pounds,
in order to fupport the weight.

To this fort of lever are generally referred
the bones of a man’s arm: for when we lift a
weight by the hand, the;mufcle that exerts its
force to raife that weizht, is fixed to the bone
about one tenth part as far below the elbow as
the hand is. And the elbow being the center
round which the lower part of the arm turns,
the mulcle muft therefore exert a force ten times
as great as the weight that is raifed.

As this kind of lever is a difadvantage to the
moving power, it is never ufed but in cafes of
nieceflity 3 fuch as that of a ladder, which being
fixed at one end, is by the ftrength of a man’s
arms reared againft a wall.  And in clock-work,
where all the wheels may be reckoned levers of
this kind, becaufe the power that moves every
wheel, except the firft, acts upon it near the
center of motion by means of a fmall pinion,
and the refiftance it has to overcome, acts againft
the teeth round its circumference.

The fourth kind of lever differs nothing from
the firlt, but in being bended for the fake of
convenience. 4CB is a lever of this fort, bended
at C, which is its prop, or center of motion,
P is a power alting upon the longer arm 4C at
F, by means of the cord D E going over the
pulley G 5 and 7/ is & weight or refiftance acting
upon the end B of the fhorter arm BC. 1f the
power is to the weight, as C Bisto CF; they
are in equilibrio, ‘Thus, fuppofe W to be 5
pounds
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pounds acting at the diftance of one foot from
the center of motion C, and P to be 1 pound
ating at F, five feet from the center C, the
power and weight will juft balance each cther.
A hammer drawing a nail is a lever of this
fort.

2. The fecond mechanical power is the cwheel The
and axle, in which the power is applied to the @/ and
circumference of the wheel, and the weight is “**
raifed by a rope which coils about the axle as the
wheel is turned round. Here it is plain that
the velocity of the power muft be to the velocity
of the weight, as the circumference of the wheel
is to the circumference of the axle: and confe-
quently, the power and weight will balance each
other, when the intenlity of the power is to the
intenfity of the weight, as the cicamference of
the axle 1s to the circumference of the wheel.
Let 4B be a wheel, CD its axle, and fuppofe gy, ¢,
the circumference of the wheel to be 8§ times as
great as the circumference of the axle ; then, a
power P equal to 1 pound hanging by the cord
1, which goes round the wheel, will balance a
weight 77 of 8 pounds hanging by ths rope K,
which goes round the axle. And as the fric-
tion on the pivets or gudgeons of the axle is
bur fmall, a {mall addition to the power will
caufe it to defcend, and raife the weight: but
the weight will rife with only an eighth part of
the velocity wherewith the power defcends, and
confequently, through no more than an eighth
part of an equal fpace, in the fame time. 1t the
wheel be pulled round by the handles 8, S, the
power will be increafed in proportion to their
length. And by this means, any weight may
be raifed as high as the operator pleafes,

b Tao
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To this fort of engine belong all cranes for
raifing great weights; and in this cafe, the
wheel may have cogs all round it inftead of han-
dles, and a fmall lantern or trundle may be made
to work in the cogs, and be turned by a winch 4
which will make the power of the engine to €x-
ceed the power of the man who works it, as
much as the number of revolutions of the winch
exceed thofe of the axle D, when muliiplied
by the excefs of the length of the winch above
the length of the femidiameter of the axle,
added to the femidiameter or half thicknefls of
the rope K, by which the weight s drawn up.—
Thus, fuppofe the diameter of the rope and
axle taken together, to be 13 inches, and confe-
quently, half their diameters to be 6 % inches ; fo
that the weight 77 will hang at 6 ; inches pere
pendicular diftance from below the center of
the axle. Now, let us fuppofe the wheel A4 B,
which is fixt on the axle, to have 8o cogs, and
to be turncd by means of a winch 6 inches
long, fixt on the axis of a trundle of 8 {taves or
founds, working in the cogs of the wheel.—
Here it is plain, that the winch and trundle
would make 10 revolutions for one of the wheel
AB, and its axis 1), on which the rope K winds
in raifing the weight 775 and the winch being
no longer than the fum of the femidiameters of
the great axle and rope, the trundle could have
110 more power on tiie wheel, than a man could
have by pulling it round by the edge, becaule
the winch would have no greater velocity than
the edge of the wheel has, which we here fup-
pofe to be ten times as great as the velocity of
the rifing weight: fo that, in this cafe, the
power gained would be as 1o to 1. But if the
length of the winch be 33 inches, the power
gained
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gained will be as 20 to 1 : if 19 + inches (which
is long enough for any man to work by) the
power gained would be as 30 to 1; thatis, 2
man could raife go times as much by fuch an
engine, as he could do by his natural firength
without it, becaufe the velocity of the handlc of
the winch would be go times, as great as the ve-
locity of the rifing weight; the ablolute farce
of any engine being in proportion of the velocity
of the power to the velocity of the weight raifed
by it,—But then, jult as much power or advan-
tage as is gained by the engine, o much time is
loft in working it. In this fort of machines it is
requifite to have a ratchet-wheel G on one end
of the axle, with a caich H to fall iato its teeth ;
which will at any time {upport the weight, and
keep it from defcending, if the perfon who turns
the handle fhould, through inadvertency or care-
Jefhefs, quit his bold whilit the weight is raifing,
And by this means, the danger is prevented which
might otherwife happen by the running down
of the weight when left at liberty.

3. The third mechanical power or engine con- The gul-
Gifks either of one moveable pully, or a fiftem of "2
pullzys 5 fome in a block or cale which 15 fixed,
and others in a block which is moveable, and
rifes with the weight. For though a fingle
pulley that only turns on its axis, and moves not
out of its place, may ferve to change the di-
rection of the power, yet it can give no mecha-
nical advantage thereto ; but is only as the beam
of a balance, whole arms are of equal length aad
weight. Thus, if the equal weights #7 and P Fig, 6,
hang by the cord B B upon the pulley 4, whofe
frame 4 1s fixed to the bram A 1, they will couns,
terpoife each other, jutt in the fame manner as
if the cord were cut 1n the middle, and its two

E 4 ends
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ends hung upon the hooks fixt in the pulley ag
A and A, equally diftant from its center,
Butif 4 weight /7 hangs at the lower end of
the moveable block p of the pulley D, and the
cord G F gaes under that pulley, it is plain that
the half & of the cord bears one half of the
weight 27, and the half F the other ; for they
bear the whole between them. Therefore,
whatever holds the upper end of either rope,
{uftains one half of the weight : and if the cord
at F be drawn up {o as to raife the pulley Dto C,
the cord will then be extended to its whole
length, all but that part which goes under the
pulley : and confequently, the power that draws
the cord will have moved twice as far as the
pulley D with its weight 7 rifes; on which
account, a power whofe intenfity is equal to one
half of the weight will be able to fupport i,
becaufe if the power moves (by means of a {mall
addition) its velocity will be double the velocity
of the weight ; as may be feen by putting the
cord over the fixt pulley € {which only changes
the direétion of the power, without giving any
advantage to it) and hanging on the weight P,
which is equal only to one half the weight 77
in which cafe there will be an equilibrium, and 3
little addition to P will caufe it to defcend, and
raife / through a {pace equal to one half of thar
through which P defcends.—Hence, the advan-
tage cained will be always equal to twice the
number of pulleysin the moveable or undermoft
block. So that, when the upper or fixt block
# contains two pulleys, which only turn on their
axes, and the lower or moveable block U con-
tains two pulleys, which not only turn upon theix
axes, but alfo rife with the block and weight,
the advantage gained by this is as 4 to the
e | working







PLATE VI,

: unnmuuummnwnnunfﬁfhunun;uuw S :
e

o ffcryw on a’uﬁn %




e r——

——

Of the mechanical Powers.

working power. - Thus, if one end of the rope
KMO$ be fixed to a hook at [, and the rope
paffes over the pulleys Nand R, and under the
pulleys . and P, and has a weight 7, of one
pound, hung to its other end at 7, this weight
will balance and fupport a weight 27 of four
pounds hanging by a hook at the moveable
block U, allowing the faid block asa partof the
weight.  And if as much more power be added,
as is fufficient to overcome the friction of the
pulleys, the power will defcend with four times
as much velocity as the weight rifes, and conle-
quently through four times as much {pace.

The two pulleys in the fixed block X, and
the two in the moveable block %, are in the
{ame cafe with thofe laft mentioned; and thofe
in the lower block give the fame advantage to
the power.,

As a fyftem of pulleys has no great weight,
and lies in a fmall compals, it is eafily carried
about ; and can be applied, in a great many
cafes, for raifing weights, where other engines
cannot. But they have a great deal of friction
on three accounts : 1. Becaufe the diameters of
their axes bear a very confiderable proportion to
their own diameters; 2. Becaufe in working
they are apt to rub againft one another, or againit
the fides of the block ; 3. Becauvfe of the ftiffnefs

of the rope that goes over and under them.

=]

4. The fourth mechanical power is the in- The i

clined plame and the advantage gained by it is %%
1 T . an
as great as 18 length exceeds its pcrpcndmular?

ht‘ighr. Let AEBbea plane paraliel to the hori- Plat, VI.

zon, and C D a plane inclined to it ; and {fuppofe Fig-

the whole length € D to be three times as great
as the perpendicular height G f F'; in this cafe,
the cylinder £ will be fupported upon the plane

C D,
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€ D, and kept from rolling down upon it, by
a power equal to a third part of the weight of
the cylinder. Therefore, a weight may be rolled
up this inclined plane with a third part of the
power which would be fufficient to draw it up by
the fide of an upright wall, If the plane was
four times as long as high, a fourth part of the
power would be fufficient; and fo on, in pro-
portion, Or, if a weight was to be raifed from a
floor to the height G 7, by means of the machine
A B € D, (which would then aét as a half wedge,
where the refiftance gives way only on one fide)
the machineand weightwould be in egailibrio when
the power applied at G F was to the weight to
be raifed, as G F to G B ; and if the power be
increaled, fo as to overcome the frition of the
machineagainft the floor and weight, the machine
will be driven, and the weight raifed : and when
the machine has moved its whole length upon
the floor, the weight will be raifed to the whole
height from G to F.

The force wherewith a rolling body defeends
upon an inclined plane, is to the force of its ab-
folute gravity, by which it would defcend per-
pendicularly in a free fpace, as the height of
the planeis to its length. For, fuppofe the plane
A B to be parallel to the horizon, the cylinder C -
will keep at reft upon any part of the plane
where it 1s laid. If the plane be fo elevated,
that its perpendicular height D is equal to half
its length 4 B, the cylinder will roll down upon
the plane with a force equal to half its weight 5
for it would require a power (aing in the di-
rection of 4 B) equal to half its weight, to keep
it from rolling. If the plane 4 B be elevated,
foas to be perpendicular to the horizon, the cy-
linder € will defcend with its whole force of

gravity,
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gravity, becaufe the plane contributes nothing
to its fupport or hindrance ; and therefore, it
would require a power equal to its whole weight
to keep 1t from defcending.

Let the cylinder C be made to turn uponfFig. ;.
flender pivots in the frame D, in which there is
a hook e, with a line G tied to it : let this Jine go
over the fixed pulley H, and have its other end
tied to the hook in the weight /. If the weight
of the body /, be to the weight of the cylinder
C, added to that of its frame D, as the perpen-
dicular height of the plane L M is to its length
A B, the weight will juft fuppert the cylinder
upon the plane, and a {mall touch of a finger
will either caufe it to afcend or delcend with
equal cafe : then, if a little addition be made to
the weight 7, it will defcend, and draw the cylin-
der up the plane.  In the time that the cylinder
moves from 4 to B, it wll rife throogh the
whole height of the plane M L and the weight
will defcend from # to K, through a fpace equal
to the whole length of the plane 4 B.

If the machine be made to move upon rollers
or friCtion-wheels, and the cylinder be {upported
vpon the plane C B by a line G parallel to the
plane, a power fomewhat lefs than that which
drew the cylinder up the plane will draw the
plane under the cylinder, provided the pivots of
the axesof the friftion-wheels be {mall, and the
wheels themitlves be pretty large.  For, let the
machine 4 5 € (equal in length and height top.,
A B M, Fig. 5) move upon four wheels,
two whereoi appear at D and £, and the third
under €, whillt the fourch is hid from fight by
the horizontal board 4. Lier the cylinder F be
laid upon the lower eéfid of the inclined plane
C B, and the line G beextended from the frame
of the cylinder, about fix feet parallel to the

1 plane

6.
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plane C B ; and, in that direction, fixed to a hook
in the wall ; which will fupport the cylinder, and
keep it from rolling off the plane. Let one end
of the line 77 be tied to a hook at C in the ma-
chine, and the other end to a weight K, fome-
what lefs than that which drew the cylinder up
the plane before. If this line be put over the
fixed pulley 7, the weight K will draw the ma-
chine along the horizontal plane L, and under
the cylinder F': and when the machine has been
drawn a little more than the whole length C 4,
the cylinder will be railed to 4, equal to the per-
pendicular height 4 B above the horizontal part
at 4. The reafon why the machine mult be
drawn further than the whole length C A is, be-
caule the weight F riles perpendicular to C B.

To the inclined plane may be reduced all
hatchets, chifels, and other edge-tools which
are chamfered only on one fide.

5. The fifth mechanical power or machine is
the wedze, which may be conflidered as two
equally inclined planes D £ F and C E F, joined
together at their bales ¢ E F O : then D C isthe
whole thicknefs of the wedge at its back 4BC D,
where the power is applied : E F is the depth or
heighth of the wedge : D F the length of one of
its fides, equal to C F the length of the other
fide ; and O F is its fharp edge, which is entered
into the wood intended to be fplit by the force
of a hammer or mallet flriking perpendicularly
on its back. Thus, 454 is a wedge driven
into the cleft C D E of the wood FG.

When the wood does not cleave at any dif-
tance before the wedge, there will be an equi-
librium between the power impelling the wedge
downward, and the refitance of the wood act-
ing againft the two fides of the wedge when the
power is to the refiftance, as half the thicknefs
of
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of the wedge at its back is to the length of either
of its fides ; becaufe the refiftance then aéts per-
pendicular to the fides of the wedge. But, when
the refiftance on cach fide aéls parallel to the
back, the power that balances the refiftances on
both fides will be as the length of the whole
back of - the wedge is to double its perpendicu-
lar height,

When the wood cleaves at any diftance before
the wedge (as it generally does) the power im-
pelling the wedge will not be to the refiftance of
the wood, as the length of the back of the wedge
is to the length of both its fides; buc as half
the length of the back is to the length of either
fide of the cleft, eftimated from the top or alting
partof the wedge. For, if we fuppofe the wedge
to be lengthened down from & to the bottom of
the cleft at E, the fame proportion will hold 3
namely, that the power will be to the refiftance,
as half the length of the back of the wedge is to
the length of either of its fides: or, which
amouns to the fame thing, as the whole length
of the back is to the length of both the fides.

In order to prove what is here advanced con-
cerning the wedge, let us fuppofe the wedge to
be divided lengthwife into two equal parts 3 and
then it will become two equal inclined planes;
one of which, as a & ¢, may be made ufe of asa
half wedge for feparating the moulding ¢ d from
the wainfcot 4 B, [t is evident, that when this
half wedge has been driven its whole length ¢ ¢
between the wainfeot and moulding, its Gde a ¢
will be at ¢d; and the moulding will be fepa-
rated to f ¢ from the wainfcor. Now, from what
has been already proved of the inclined plane, it
appears, that to have an equilibrium between the
power impelling the half wedge, and the refift-
ance of the moulding, the former muft be to the

latter,

Fig. 7.
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letter, asa & toa c; that is, as the thicknefs of the
back which receives the ftroke is to the length
of the fide againft which the moulding ads,
Therefore, fince the power upon the half wedge
is to the refiftance againft its fide, as the half
back # & is to the whole fide z ¢, it is plain, that
the power upon which the whole wedge (where
the whole back is double the half back) muft be
to the refiftance againft both its fides, as the
thicknefs of the whole back is to the length of
both the fides ; fuppofing the wedge at the bot-
tom of the cleft: or as the thicknefs of the whole
back to the lenzth of both fides of the cleft,
when the wood {plits at any diftance before the
wedge. For, when the wedge is driven quite
nto the wood, and the wood fplits at ever fo
fmall a diftance before its edge, the top of the
wedge then becomes the atting part, becaufe the
wood does not touch it any where ellfe, And
fince the bottom of the cleft muft be confidered
as that part where the whole ftickage or refiftance
is accumulated, it is plain, from the nature of
the lever, that the farther the power aéts from
the refiftance, the greater is the advantage.
Some writers have advanced, that the power
of the wedge is to the refiftance to be overcome,
as the thickne(s of the back of the wedge is to
the length only of one of its fides ; which feems
very ftrange: for, if we fuppofe 4 B to be a
ftrong inflexible bar of wood or iron fixt into the
ground at C B, and D and £ to be two blocks of
marble lying on the ground on oppofite fides of
the bar; it is evident that the block D may be
{eparated from the bar to the diftance 4, equal to
@ b, by driving the inclined plane or half wedge
a b o down between thenm 5 and the block E may
be feparated to an equal diftance on the other
fide, in like manner, by the half wedge ¢ d o.
But
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But the power impelling each half wedge will be
to the refiftance of the block againft its ide, as
the thicknefs of that half wedge is toits perpens
dicular height, becaufe the block will be driven
off perpendicular to the fide of the bar 5.
Therefore the power to drive both the half
wedges 15 to both the refiftances, as both the
half backs is to the perpendicular height of each
half wedge. And if the bar be taken away, the
blocks put clofe together, and the two half
wedges joined to make one; it will require as
much force to drive it down between the blocks,
as 1s ‘equal to the fum of the feparate powers
alting upon the half wedges when the bar was
between them,

To confirm this by an experiment, let two
cylinders, as /B and CD, bedrawn towards one
another by lines running over fixed pulleys, and
a weight of 40 ounces hanging at the lines be-
longing to each cylinder : and let a wedge of
40 ounces weight, having its back jult as thick as
either of its fides is long, be put between the
cylinders, which will then aét againft each fide
with a refiftance equal to 40 ounces, whilfk its
own weight endeavours to bring it down and
feparate them. And here, the power of the
wedge’s gravity impelling it downward, will be
to the refiftance of both the cylinders againft the
wedge, as the thicknefs of the wedge 1s to double
its perpendicular height ; for there will then be
an equibbrium between the weight of the wedge
and the refiftance of the cylinders againft it, and
it will remain at any height berween them ; re-
quiring juft as much power to pufh it upward
as to pull it downward.—If another wedge of
equal weight and depth with this, and only half
as thick, be put between the cylinders, it will
require twice as much weight to be hung ac ﬁzge

ends

Fig. 11.
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ends of the lines which draw them togethet, to
keep the wedge from going down between them.
That is, a wedge of 40 ounces, whofe back is
only equal to half its perpendicular height, will
require 8o ounces to each cylinder, to keep it in
an equilibrium between them: and twice o is
160, equal to four times 40. So that the power
will be always to the refiftance, as the thicknefs
of the back of the wedge is to twice its perpen-
dicular height, when the cylinders move off in
a line at right-angles to that perpendicular,
The beft way, though perhaps not the neateft,
that I know of, for making a wedge with its
appurtenances for fuch experiments, is as fol-
lows. Let KJIL M and LMNO be two fla
pieces of wood, each about fifteen inches long
and three or four in breadth, joined together by
a hinge at L M; and let P be a graduated arch
of brafs, on which the faid pieces of wood may
be opened toany angle not more than 6o degrees,
and then fixt at the given angle by means of
the two fcréws @ and 4. Then, 7K NO will
reprefent the back of the wedge, L M its fharp
edge which enters the wood, and the outfides of
the pieces KIL M and LMNO the two fides of
the wedge againft which the wood aé&s in cleay-
ing. By means of the faid arch, the wedge may
be opened fo, as to adjuft the thicknefs of irs
back in any proportion to the length of either of
its fides, but not to exceed that length: and any
weight as p may be hung to the wedge upon the
hook M, which weight, together with the weight
of the wedge ifelf, may be confidered as the
impelling power ; which is all the fame in the ex-
periment, whether it be laid upon the back of
the wedge, to puth it down, or hung to its edge to
pull it down.—Let 4B and CD be two wooden
cylinders, each about two inches thick, where
they
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they touch the outfides of the wedge; and let
their ends be made like two round flat plates, to
keep the wedge from flipping off edgewife from
between them. Let a fmall cord with a loop on
one end of it, go over a pivot in the end of esch
cylinder, and the cords § and 7 belonging to the
cylinder .78 goover the fixt pulleys#” and X, and
be faftened at their other ends to the bar w &, on
which any weight as Z may be hung at pleafure.
In like manner, let the cords @ and R belonging
to the cylinder CD goover the fixt pulleys 7 and U
to the bar v, on which a weight 2" equal to Z may
be hung. Thefe weights, by drawing the cylini-
ders towards one another, may be confidered as
the refiftance of the wood atting equally againit
Oppofite fides of the wedge; the cylinders them-
felves being fufpended near, and parallel to each
other, by their pivots in loops on the lines
E,F,G,H 3 which lines may be fixed to hooks in
the ceiling of the room. The longer thefe lines
are, the betrer; and they thould never be lefs than
four feec each, The farther alfo the pulleys
F.U and X, are from the cylinders, the truer
Will the experiments be: and they may turn
Upon pins fixed into the wall.

In this machine, the weights ¥and Z, and the
Weight p, may be varied at pleafure, fo as to be
adjufted in proportion of double the wedge’s per-
pendicular height to the thicknefs of its back :
and when they are fo adjufted, the wedge will be
I equilibrio with the refiftance of the cylinders.

The wedge is a very great mechanical power,
fince not only wood but even rocks can be fphic
by it; which would be impofiible to effeét by the
lever, wheel and axle, or pulley: for the force
of the blow, or ftroke, fhakes the cohering parts,
and thereby makes them feparate the more eafily,

F 6. The
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6. The fixth and laft mechanical power is the
Jferew 5 which cannot properly be called a fimple
machine, becaufe it is never ufed without the
application of a lever or winch to affift in turn.
ing it: and then it becomes a compound engine
of a very great force either in prefling the parts
of bodies clofer together, or in raifing great
weights. It may be conceived to be made by
cutting a piece of paper ABC (Fig. 12.) into
the form of aninclined plane or half wedge, and
then wrapping it round a cylinder 4 B (Fig, 13).
And here it is evident, that the winch Z
muft turn the cylinder once round before the
weight of refiftance D can be moved from one
fpiral winding to another, as from dto ¢: there=
fore, as much as the circumference of a circle
defcribed by the handle of the winch is greater
than the interval ordiftance between the fpirals,fo
much is the force of the {crew. Thus, fuppofing
the diftance between the fpirals to be half an inch,
and the length of the winch to be twelve inches;
the circle defcribed by the handle of the winch
where the power afts will be 76 inches nearly, or
about 152 half inches, and confequently 152 times
as great as the diltance between the fpirals: and
therefore a power at the handle, whofe intenfity
is equal to no more than a fingle pound, will ba-
lance 152 pounds acting againtt the fcrew ; and
as much additional forge, as is fufficient to over-
come the frition, will raife the 152 pounds; and
the velocity of the power will be to the velocity
of the weight, as 152 to 1. Hence it appears,
that the longer the winch is, and the nearer
the {pirals are to one another, fo much the
greater is the force of the ferew.

A machine for (hewing the force or power of
the fcrew may be contrived in the following
manner
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mrianner. Let the wheel C have a fcrew a 2 ¢n Fig. 14

its axis, working in the tecth of the wheel D,
which fuppole to be 48 in number, Itis piain,
that for every time the wheel C and fcrew a b are
turned round by the winch A, the wheel D will
be moved one tooth by the fcrew ; and there-
fore, in 48 revolutions of the winch, the wheel
D will be turned once round, Then, if the cir-
cumference of a circle defcribed by the handle of
the winch A be equal to the circumference of a
groove ¢ round the wheel D, the velocity of the
handle will be 48 times as great as the velocity
of any given point in the groove. Confequently,
if a line G (above number 48) goes round the
groove ¢, and has a weight of 48 pounds hung
to it below the pedeftal £ F, a power equal to
one pound at the handle will balanice and fuppart
the weight.—To prove this by experiment, let
the circumferences of the grooves of the wheels
Cand D be cqual to one another; and then if
a weight H of one pound be {ufpended by a line
going round the groove of the wheel C, it will
balance a weight of 48 pounds hanging by the
line G ; and a {mall addivion to the weight A
will caufe it to defcend, and fo raife up the other
weight. ' :

It the line G, inftead of going round the
groove ¢ of the wheel D, goes round its axle 7

=]
the power of the machine will be as much in-

creafed, as the circumference of the groove e -

exceeds the circumference of the axle : which,
fuppofing it to be fix times, then one pound at
IT will balance 6 times 48, or 288 pounds hung
to the line on the axle: and hence the power o
advantage of this machine will be as 288 to &.
That is to fay, a man, who by his natural
ftrength could lift an hundred weighe, will be

- L able
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able to raife 288 hundred, or 14,% ton weight
by this engine,

But the following engine is ftill more power-
ful, on account of its having the addition of
four pulleys : and in it we may look upon all
the mechanical powers as combined together,
even if we take in the balarice. For, as the axis
D of the bar 48 is in its middle at C, it is plain
that if equal weights are {ufpended upon any two
pins equi-diftant from the axis C, they will coun-
terpoife cach other.—It becomes a lever by
hanging a {mall weight P upon the pin , and a
weight as much heavier upon either of the pins
by ¢y dyey0rf, asis in proportion to the pins be-
mg {o much nearer the axis. The wheel and
axle F'G is evident; fo is the fcrew E which
takes in the inclined plane, and with it the half
wedge. Part of a cord goes round the axle, the
relt under the lower pulleys K, m, over the upper
pulleys L, #, and then it is tied to a hook at m
in the lower or moveable block, on which the
weight 7 hangs.

In this machine, if the wheel # has 30 teeth,
it will be turned once round in thirty revo-
lutions of the bar 4B, which is fixe on the
axis D of the fcrew £ : if che length of the bar
is equal to twice the diameter of the wheel, the
pins @ and # 4t the ends of the bar will move 60
times as fait as the teeth of the wheel do: and
conlequently, on¢ ounce at P will balance 6o
ounces hung upon a tooth at ¢ in the horizontal
diameter of the wheel. Then, if the diameter of
the wheel I7is ten times as great as the diameter
of the axle G, the wheel will have 10 times the
velocity of the axle ; and therefore one ounce P
at the end of the lever .4C will balance 10 times
60 or 600 ounces hung to the rope A which goes
round
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round the axle. Lattly, if four pulleys be added,
they will make the velocity of the lower block
K, and weight /7, four times lefs than the velo-
city of the axle: and this being the laft power
in the machine, which is four times as great as
that gained by the axle, it makes the whole
power of the machine 4 times 60c, or 2400,
So that a map who could lift one hundred weight
in his arms by his natural ftrength, would be
able to raife 2400 times as much by this en-
gine.—But it is here as in all other mechanical
cafes 3 for the time loft is always as much as the
power gained, becaufe the velocity with which
the power moves will ever exceed the velocity
with which the weight rifes, as much as the in-
tenfity of the weight exceeds the intenfity of the
ower.

The friction of the fcrew itfelf is very confi-
derable ; and there are few compound en-
gines, but what, upon account of the friction of :
the parts againft one another, will require a third
part more of power to work them when loaded,
than what is fufficient to conftitute a balance
between the weight and the power.

1 ECT. "1V,

Of mills, cranes, wheel-carriages, and the enging
Jor driving piles.

S thefe engines are fo univerfally ufeful,
it would be needlefs to make any apo-
logy for defcribing them. g
In a common &reaff mill, where the fall of Plate VIL
water may be about ten feet, 4 4 is the great Fig, z.
wheel, which is generally about 17 or 18 feer in i
3 diameter, mon mill.
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diameter, reckoned from the outermoft edge of
any float board at ¢ to that of its oppofite Aoar at
&, To this wheel the water is conveyed through
a channel, and by falling upon the wheel, turns
it round. '

Onthe axis B B of this wheel, and within the
mill houfe, is a wheel D, about § or g feet dia-
meter, having 61 cogs, which turn a trundle E
containing ten upright ftaves or rounds; and
when thefe are the number of cogs and rounds,
the trundle will make 6.2 revolutions for one
revolution of. the wheel,

The trundle is fixt upon a flrong iron axis
called the fpindle, the lower'end of which turnsin
a brafs foot, fixt at F, in the horizontal beam $7°
called the bridge-tree; and the upper part of the
fpindle turnsin a wooden bufh fixtinto the nether
millftone which lies upon beams in the floor 277
‘The top part of the fpindle above the bufh is
{quare,and goes into a {quare hol¢ in a ftrong iron
crofs a b ¢ d, ({ee Fig. 3.) called'the rynd 5 under
which, and clofe to the bufh, is a round piece of
thick leather upon the fpindle, which it turns
round at the fame time as'it does the rynd,

The rynd is let into grooves in the under fur-
face of the running millftone G (Fig. 2.) and fa
turns it round in the fame time that the trundle &
is turned round by the cog-wheel D.  This miil-
ftone has a large hole quite through its middle,
called the eye of the ftone, through which the
middle part of the rynd and upper end of the
fpindle may be feen; whillt the four ends of the
rynd lie hid below the ftone in their grooves.

‘The end 7 of the bridge-tree 7'§ (which fup-

orts the upper millftone G upon the fpindle) is
fixed intoa hole in the wall; and the end §is let
into a beam @ R called the brayer, whofe end &
: ' e remaing
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remains fixt in a mortife: and its other end @,
hangs by a ftrong iron rod P which goes through
the floor 2, and has a {crew-not on its top at
O by the turning of which nut, the end 9 of
the brayer is raifed or deprefled at pleafure; and
confequently the bridge-trez 7§ and upper mill-
ftone. By this means, the upper millftone may
be fet as clofe to the under one, or raifed as high
from ir, as the miller pleafes, The nearer the
millftones are to one another, the finer they grind
the corn, and the more remote from oné another,
the coarfer.

The upper millftone G is inclofed in a round
box H, which does not touch iv any where; and
is about an inch diftant fromits edge all around,
On the top of this box ftands a frame for hold-
ing the hopper £ &, to which is hung the fthoe 7
by two lines faftened to the hind-parcof it, fixed
upon hooks in the hopper, and by one end of
the crook-ftring K faftened to the fore-part of it
at i3 the other end being twifted round the pin L.
As the pin-is turned one way, the firing draws
up the fhoe clofer to the hopper, and fo leffens
the aperture between them; and as the pinis
turned the other. way, it lets down the thoe, and
enlarges the aperture,

If the fhoe be drawn up quite to the hopper,
no corn can fall from the hopper into the mill 5
if it be let a lictle down, fome will fall: and the
quantity will be more or lefs, according as the
thoe 1s more or lefs let down. For the hopper is
open at bottom, and there is a hole inthe bottom
of the {hoe, not direétly under the bottom of the
hopper, but forwarder towards the end 4, over
the middle of the eve of the millitone,

There is afquare hole in the top of the {pindle, Fi
. i ? s g 3
in which is-put the feeder e': thig feeder /as the
Fg4 ipindle
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{pindle turns round) jogs the fhoe three times in
cach revolution, and fo caufes the corn to run
conftantlydown from the hopperthrough thefhae,
into the eye of the millftone, where it falls upon
the top of the rynd, and is, by the motion of the
rynd, and the leather under it, thrown below the
upper ftone, and ground between it and the
lower one. The violent motion of the ftone
creates a centrifugal force in the corn going
round with it, by which means it gets farcher and
farther from the center, asin a fpiral, in every -
revolution, until it be thrown quite out; and,
being then ground, it falls through a fpout A,
called the mill-eye, into the trough V.

When the mill is fed too faft, the corn bears
up the ftone, and is ground too coarfe; and be-
fides, it clogs the mill {o as to make it go too
flow. When the mill is too flowly fed, it goes
too faft, and the (tones by their attrition are apt
to ftrike fire againft one another. Both which
inconveniences are avoided by turning the pin L
backwards or forwards, which draws up or lets
down the fhoe ; and fo regulates the feeding as
the miller fees convenient.

The heavier the running millftone is, and the
greater the quantity of water that falls upon the
wheel, fo much the fafter will the mill bear to be
fed ; and confequently fo much the more it will
grind. Apnd on the contrary, the lighter the
itone, and the lefs the quantity of water, fo much
flower muft the feeding be. But when the ftone
is confiderably wore, and become light, the mill
muft be fed flowly at any rate ; otherwife the
ftone will be too much born up by the corn
under it, which will make the meal coarfe.

The quantity of power required to turn g
heavy millftone is but very little more than what
i
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is fufficient to turn a light one: for as it is fup-
ported upon the fpindle by the bridge-tree § 7,
and the end of the fpindle that turns in the brafs
foot therein being but fmall, the odds arifing
from the weight is but very inconfiderable in its
altion againft the power or force of the water.
And belides, a heavy ftone has the fame advan-
tage as a heavy fly; namely, that it regulates
the motion much better than a light one.

In order to cut and grind the corn, both the
upper and under miliftones have channels or
furrows cut intothem, proceeding obliquely from
the center towards the circumference. And thefe
furrows are cut perpendicularly on one f{ide and
obliquely on the other into the ftone, which
gives each furrow a ftharp edge, and in the two
ftones they come, as it were, again{t one ano-
ther like the edges of a pair of fcillars: and fo
cut the corn, to make it grind the eafier when it
falls upon the places between the furrows.
Thefe are-cut the fame way in both ftones when
they lie upon their backs, which malkes them run
crols ways to each other when the upper ftone is
inverted by turning its furrowed furface towards
that of the lower. For, if the furrows of both
ftones lay the fame way, a great deal of the corn
would be driven onward in the lower furrows,

and fo come our from between the ftones with-

out being either cut or bruifed.
thn_ the furrows become blunt and fhallow
by wearing, the running ftone muft be tzken
up, and both flones new dreft wich a chifel and
hammer. And every tdme the flone is taken up,
there muft be fome tallow put round the {vindle
upon the bufh, which will foon be melted by
the heat the fpindle acquires from its turning
and rubbing againft the buth, and fo will get in
betwixt
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betwixt them : otherwife the bufh would take
fire in a very little time,

The buth muft embrace the fpindle quite
clofe, to prevent any fhake in the motion, which
would make fome parts of the ftones grate and
fire againlt each other’y whilft other parts of
them would be too far afunder, and by that
means {poil the meal in grinding.

Whenever the fpindle wears the bufh fo as to
begin to fhake in it, the ftone muft be taken up,
and a chifel drove into feveral pars.of the bufh s
and when it 15 taken put, wooden wedges muft be
driven into the holes; by which means.the bufh
will be made to embrace the fpindle clofe all
around it again. In doing this, great care muft
be taken to drive equal wedges into the buih on
oppolite fides of the fpindle; otherwife it will
be thrown out of the perpendicular, and fo hin-
der the upper ftone from being fet parallel to the
under one, which is abfolutely neceffary, for mak-
ing good work. When any acciden't of this
kind happens, the perpendicular poficion of the
fpindle muft be reftored by adjufting the bridge-
tree §7 by proper wedges put between it and
the brayer 9 R, s g

It often happens, that the rynd is a little
wrenched in laying down, the upper ftone upon
it ; or is made to fink a little lower upon one
fide of the fpindle than on the other; and this
will caufe one edge of the upper ftone to drag
all around upon the other, whilft the oppofite
edge will not touch. But this is eafily fet to
rights, by raifing the ftone a litsle with a lever,
and putting bits of paper, cards or. thin chips,
between the rynd and the ftone.

The diameter of the upper ftone is generally
about fix feet, the lower. ftone about an inch

more :
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more: and the upper ftone when new contains
about 227 cubc feet, which weighs fomewhat
more than 1gooo pounds. A ftone of this dia-
meter ought never to go more than 6o times
round in a minute; for if it turns fafter, it will
heat the meal.

The grinding furface of the vader ftone is g
little convex from the edge to the center, and
that of the upper flone a little more concave: fo
that they are fartheft from one another in the
middle, and come gradually nearer towards the
edges. By this means, the corn at its firft en-
trance between the ftones is only bruifed; but as
it goes farther on towards the circumference or
edge, it 1s cut fmaller and {maller ; and at Jaft
finely ground juft before it comes out from be-
tween them.

The water-wheel muft not be too large, for
if it be, its motion will be too flow; nor too
little, for then it will want power. And for a
mill to be in perfettion, the floats of the wheel
ought to move with a third part of the velocity
of the water, and the ftone to turn round once in
a fecend of time,

In order to conftruét a mill in this perfet
manner, obferve the following rules :

1. Meafure the perpendicular height of the
fall of water, in feet, above that part of the
wheel an which the water begins to aft; and
call that, the height of the fall,

2. Multiply this conftant number 64.2882 by
the height of the fall in feer, and the fanare root
of the product thall be the velacity of the water
at the bottom of the fall, or the numbar of feet
that the water there moves per fecond,

3. Divide the velocity of the water by 2, and
the quotient fhall be the velocity of the foat-
boards of the wheel; or the number of feet they

I mult
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muft each go through in a fecond, when the
water acts upon them fo, as to have the greateft
power to turn the mill,

4. Divide the circumference of the wheel in
feet by the velocity of its floats in feet per fe-
cond, and the quotient thall be the number of
feconds in which the wheel turns round.

5. By this laft number of feconds divide 60 ;
and the quotient fhall be the number of turns
of the wheel in a minute.

6. Divide 60 (the number of revolutions the
mill{tone ought to have in a minute) by the num-
ber of turns of the wheel in a minute, and the

votient fhall be the number of turns the mill-
?tone ought to have for one turn of the wheel.

7. Then, as the number of turns of the wheel
ip a minute is to the number of turns of the
milltone in a minute, fo muft the number of
ftayes in the trundle be to the number of cogs
in the wheel, in the neareft whole numbers that
can be found.

By thefe rules T have calculated the following
table to a water wheel 18 feet diameter, which
I apprehend may be a good fize in general.

To conftruct a mill by this table, find the
height of the fall of water in the firft column, and
againft that height, in the fixth column, you have
the number of cogs in the wheel,and ftaves in the
trundle, for caufing the millftone to make about
6o revolutions in 3 minute, as near as pofiible,
when the wheel goes with a third part of the ve=
locity of the water. And it appears by the th
column, that the number of cogs in the wheel,and
ftaves in the trundle, are fo near the truth for the
required purpofe, that the leat number of revo-
lutions of the millftone in a minute is between 59
and 60, and the greacft number never amounts
to 61.

The
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The MILL—VVRIGHT’S TABLE.

au ]R.EVO] W . Rev.of
;tg' Velo- | Velo- [Revolu-tions of Cogsin E}.!.f
P [l : 3 : 3 the miil-
& | city of |city ofltions of the wheel 18
F g | the the the | mill- S e sl
5 % ; ek miin. by
& g.| water | wheel fwheel | flone | a o000 o Je
© 8| perie- |per fe-| per ffor onel . ftaves
£ | cond. | cond. [mmute,fof the | = oo and
% wheel, N e
o :’5%%‘ Tigwiﬁg 7:5% o ;.0: w%é
g | P gE 528 P2 2F8 % 2|27k
o S 2 =g z Bl
1 | 8.02| 2.67| 2.8321.20{127 6l59.92
2 (11.34] 3.78| 4.00{15.00{105 7|60.00
3 |13-89| 4.63] 4.91{12.22| 98 &l6o.14
4 [16.04] 5.35 5.67{10.58| 95 9/59.87
5 {17:93| 5.98] 6.34 9.46/ 85 959.84
6 |19.64| 6.55 6.94| 8.64 78 9[60.10
7 [21.21) 7.07| 7.50| 8.00| 72 §{60.00
8 |22.68| 7.56| 8.02| 7.48 67 9]55.6
9 (24 .05 8.02| 8.51| 7.05| 70 10|59.57
10 |25.35| 8.45| 8.97| 6.69 67 10/c0.09
11 [26.59| 8.86] g.40| 6.38| 64 10|60.16
12 [27.77| 9.26| 9.82| 6.11] 61 10}59.90
13 |28.91| 9.64i10.22| 5.87] 59 19/60.18
14 |30.00/10.00[10.60| 5.66| 56 10|59.36f
15 131.95110.35[10.99| 5.46| 55 10|60.48
16 {32 .07|10.69|11 .34 5.29| 53 10/60.10
17 13300111 .0211.70| 5.13| 51 10|59.67
18 |34.02111.34{12 02| 4.99| 50 10j60.10
19 {34.95/11.65/12.37| 4.85| 49 10[60.61
20 |35.86/11.9512.68 4.73] 47 19|59.59
1 2 2 4 5 6 7
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Such a mill as this, with a fall of water aboy#
7z feet, will require about 32 hogfheads every
minute to turn the wheel with a third part of the
velocity with which the water falls; and to
overcome the refiftance arifing from the friction
of the geers and autrition of the ftones in grind-
ing the corn,

The greater fall the water has, the lefs quan-
tity of it will ferve to turn the mill,  The water
is kept up in the mill-dam, and let out by a
fluice called the penftock, when the mili s to go,
When the penftock is drawn up by means of 4
lever, it opens a paflage through which the water
flows to the wheel: and when the mill is to be
ftopt, the penftock is let down, which ftops the
water from falling upon the wheel.

A lefs quantity of water will turn an overfhot-
mill (where the wheel has buckets inftead of
float-boards) than a brealt-mill where the fall of
the water {feldom exceeds half the height 45 of
the wheel. So that, where there is but a {mall
quantity of water, and a fall great enough for the
wheel to lie under it, the bucket (or overfhor)
wheel is always ufed. But where there is a large
body of water, with a little fall, the breaftor float.
board wheel muft take place. Where the water
runs only upon a lictle declivity, it can aét bue
flowly upon the under part of the wheel at 45 in
which cafe, the motion of the wheel will be very
flow : and therefore, the floats ought to be very
long, though not high, thata large body of water
may aft upon them; fo that what is wanting in
velocity may be made up in power: and then the
cog-wheel may have a greater number of cogsin
proportion to the rounds in the trundle, in order
to give the milltonea fufficientdegree of velocity,

They who have read what is faid in the firft
leéture, concerning the acceleration of bodies

. falling
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falling freely by the power of gravity acting
conftantly and uniformly upon them, may per-
haps afk, Why thould the motion of the wheel be-
equable, and not a;ceh—rated, feeing the water aéts
conftantly and uniformly upon it? ‘The plain
anfwer is, That the velocity of the whee] can
never be fo great as the velocity of the wager
that turns it ; for, if it (hould become fo great,
the power of the water would be quite loft upon
the wheel, and then there would he no proper
force to overcome the friction of the geers and
attrition of the ftones. Therefore, the velocity
with ‘'which the wheel begins to move, will in-
creafe no longer than till its momentum or force
is balanced by the refiftance of the workine
parts of the mill; and then the wheel will go
on with an equable motion.

[If the cog- wheel D'be made about 18 inches A supe.

diameter, with 30 cogs, the trundle as fmall in ik
proportion, with 1o ftaves, and the millftones be
each abiout two feet in diameter, and the whole
work be put into a ftrong frame of wood, as re-
prefented in the figure, the engine will be 2 hand-
mill for grinding corn or malt in private fami-
lies. And then, it may be turned by a winch
inftead of the wheel 4 4: the militone making
three revolutions for every one. of the winch.
It a2 heavy fly be put upon the agle B, near the
winch, it will help to regulate the motion.]

f the cogs of the wheel and rounds of the
trundle could be put in as exactly as the teeth
are cut in the wheels and pinions of a clock,
then the trundle might divide the wheel exactly ;
that 1s to fay, the trundle might make 2 given
number of revolutions for one of the wheel,
without a fraction. But as any exa@ number is
not neceflary in mill-work, and the cops and
rounds cannot be fet in 0 truly as to make all

the
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the intervals between them equal; a {kilfyl
mill-wright will always give the wheel what he
calls a bunting ¢og ; that is, one more than whag
will an{wer to an exact divifion of the wheel by
the trundle. And then, as every cog comes to
the trundle, it will take the next ftaff or round
behind the one which it took in the former re-
volution : and by that means, will wear all the
parts of the cogs and rounds which work upoen
one another equally, and to equal diftances from
one another in a little time; aad {o make a trye
uniform motion throughout the whole work.
Thus, in the above water-mill, the trundle has
10 ftaves, and the wheel 61 cogs.

Sometimes, where there is a fufficient quan-
tity of water, the cog-wheel 4 4 turns a large
trundle B B, on whofe axis C is fixed the hori-
zontal wheel D, with cogs all around its edge,
turning two trundles £ and F at the fame time
whofe axes or fpindles G and H turn two mill-
ftones 7 and K, upon the fixed ftones L and A4
And when there is not work for them both,
either may be made to lie quiet, by taking out
one of the ftaves of its trundle, and turning the
vacant place towards the cog wheel D. And
there may be a wheel fixt on the upper end of
the great upright axle C for turning a couple of
boulting=mills; and other work for drawing,
up thefacks, fanning and cleaning the corn,
{harpening of tools, &c.

If, inflead of the cog-wheel 4 4 and trundle
B B, horizontal levers be fixed into the axle G,
below the wheel D ; then, horfes may be put to
thefe levers for turning the mill: which is often
done where water cannot be had for that pur-
oie.

The working parts of a wind-mill differ very
little from thofe of a water-mill; only the former

is
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is turned by the adtion of the wind upon four
fails, every one of which ought (as is generally
believed) to make an angle of 545 degrees with
a plane perpendicular to the axis on which the
arms are fixt for carrying them. It being de-
monftrable, that when the fails are fet to fuch an
angle, and the axis turned end-ways toward the
wind, the wind has the greateft power upon the
fails,  But this angle anlwers only to the cafe of
a vane or fail jult beginning to move*: for,
when the vane has a certain degree of motion, it
yields to the wind ; and then that angle mult be
increafed to give the wind its full effec.
 Again, the increafe of this angle fhould be
different, according to the different velocities
from the axis to the extremity of the vane, At
the axis it thould be 543 dégrees, and thence
continually decreafe, giving the vane a twift, and
fo caufing all the ribs of the vane to lie in dif-
ferent planes.

Laltly, Thefe ribs ought to decreafe in length
from the axis to the extremity, giving the vane a
curvilineal form, ; fo that no part of the force of
any one rib be fpent upon the reft, but all move
on independent of each other., All this is re-
quired to give the fails of a wind-mill their true
form : and we fee both the twift and the diminu-
tion of the ribs exemplified in the wings of birds.

It is almoft incredible to think with what
velocity the tips of the fails move when acted
upon by a moderate pale of wind. 1 have fe-
veral times counted the number of revolutions
made by the fails in ten or fificen minutes ; and
from the length of the arms from tip to tip,
have computed, that if a hoop of that diameter
was torun upon the ground with the fame velo-

* See Macravrin’s Fluxions, near the end,

G city
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city that it would move if put upon the fail-arms,
it would go upwards of 30 miles in an hour.
As the ends of the fails nearelt the axis ean-
not move with the fame velocity that the tipsor
farthefl erds do, although the wind ats equally
trong upon them; perhaps a beteer pofition
than that of ftretching them along the arms
direftly from the center of motion, might be to
have them fet perpendicularly acrofs the farther
ends of the arms, and there adjufted lengthwife
to the proper angle. For, in that cafe, both
ends of the fails would move with the fame ve-
locity ; and being farther from the center of mo-
tion, they would have fo much the more power :
and then, there would be no occafion for having
them {o large as they are generally made ; which
would render them lighter, and confequently,
there would be fo much the lefs fri®ion on the
thick neck of the axle where it turns in the wall.
A crane 1s an engine by which great weights
are raifed to certain heights, or let down to cer-
tain depths. It confifts of wheels, axles, pul-
leys, ropes, and a gib or gibbet. When the
rope H is hooked to the weight K, a man turns
the winch /4, on the axis whereof is the t;_run(ﬂe
8, which turns the wheel €, on whole axis Dis
the trundle E, which turns the wheel F with its
upright axis G, on which the great rope HH
winds as the wheel turns; and going over a
pulley I at the end of the armd of the gib cc de,
it draws up the heavy weight K3 which, being
raifed to a proper height, as from a [hip to the
quay, is then brought over the quay by pulling
the wheel Z round by the handles z, z, which
turns the gib by means of the half V‘:’h‘Ctl b fixt
on the glb—poﬁ ¢ ¢, and the ftrong pinion a fixt
on the axis of the wheel Z. This wheel gives
the man that turns it an abfolute command ovler
3 the
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the gib, o as to prevent it from taking any un-
lucky fwing, fuch as often happens when it is
only guided by 2 rope tied to its arm d; and
people are frequently hurt, fometimes killed,
by fuch accidents.

The great rope goes between two uvpright
rollers ¢ and 4, which turn upon gudgeons in
the fixed beams f and g3 and as the gib is turn-
ed towards either fide, the rape bends upon the
roller next that fide. Were it not for thefe
rollers, the gib would be quite unmanageable ;
for the moment it were turned ever fo little to-
wards any fide, the weight X would begin to
defcend, becaufe the rope would be fhorrened
between the pulley 7 and axis G ; and fo the gib
would be pulled violently to that fide, and either
be broke to pieces, or break every thing that
came inits way. Thele rollers muft be placed
fo, that the fides of them, round which the rope
bends, may keep the middie of the bended part
directly even with the center of the hole in
which the upper gudgeon of the gib turns in
the beam f. The truer thefe rollers are placed,
the eafier the pib is managed, and the lefs apt to
fwing either way by the force of the weight K.

A ratchet-wheel @ is fixt upon the axis D,
near the trundle £ 3 and into this wheel the catch
or click R falls. This hinders the machinery
from runing back by the weight of the burden
K, if the man who raifes it {hould happen to be
carelefs, and fo leave off working at the winch
A fooner than he ought to do.

When the weight K is raifed to its proper
height from the thip, and brought over the
quay by turning the gib a_bour, it is let down
gently upon the quay, or into a cart ftanding
thereon, in the following manner : A man takes
hold of the rope # 7 (which goes over the pulley

G2 v, and
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w, and is tied to a hook at § in the catch R) add
fo difengages the catch from the ratchet-wheel
@ ; and then, the man at the winch A turns i
backward, and lets down the weight K. But if
the weight pulls too hard againft this man, ano-
ther lays hold of the ftick #, and by pulling
it downward, draws the gripe U clofe to the
wheel 2, which, by rubbing hard againft the
gripe, hinders the too quick delcent of the
weight; and not only fo, but even ftops it at
any time, if required. By this means, heavy
goods may be either raifed or let down at plea-
fure withour any danger of hurting the men
who work the engine.

When part of the goods are craned up, and
the rope isto be let down for more, the catch R
is firft difengaged from the ratchet-wheel &, by
pulling the cord #; then the handle ¢ is turned
half round backward, which, by the crank z #
in the piece ¢, pulls down the frame b between
the guides m and m (in which 1t flides in a
groove) and fo difengagesthe trundle B from
¢he wheel €: and then, the heavy hook: 8 at
the end of the rope H defcends by its own
weighr, and turns back the great wheel F with
its trundle X, and the wheel C; and this laft
wheel adts like a fiy againft the wheel F and
hook @3 and (o hinders it from going down too
quick ; whilit the weight X keeps up the gripe
¢ from rubbing againit the wheel 7, by means
of a cord going from the weight, over the pulley
20 to the hook #7 in the gripe; fo that the gripe
never touches the wheel, unlefs it be pulled
down by the handle 7.

When the crane is to, be fet at work again,
for drawing up another burden, the handle ¢ is
turned half round forwardss; which, by the
crank # 7, raifes up the frame 4; and caufes the
8 trundl &
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trundle B to lay hold of the wheel C; and then,
by turning the winch 4, the burden of goods
K is drawn up as before.

The crank # # warns pretry {ff in the mortifes
near ¢, and ftops againft the farther end of it
when it has got juft a lictle beyond the perpen-
dicular; fo that it can never come back of it,
felf : and therefore, the trundle B can never
come away from the wheel €, until the handle
g be turned half round, backwards.

The great rope runs upon rollers in the lever
L M, which keeps it from bending between the
axle at G and the pulley I. This lever turns upon
the axis V by means of the weight O, which is
Juft fufficient to keep its end Z, up to the rope ; fo
that, as the great axle turns, and the rope coils
round 1t, the lever rifes with the rope, and pre-
vents the coilings from going over one another,

The power of this crane may be eftimated thus;
fuppofe the trundle B to have 13 fraves orrounds,
and thewhecl C tohave 78 fpurcogs ; the trundle
£ to have 14 ftaves, and the wheel F 56 cogs.
Then, by multiplying the ftaves of the trundles,
13 and 14, into one another, their produét will be
182 ; and by multiplying the cogs of the wheels,
78 and 56, into one another, their produ@ will be
4368, and dividing 4368 by 182, the quotient
will be 24 3 which thews that the winch 4 makes
24 turns for one turn of the wheel F and its
axle G on which the great rope or chain H I H
winds.  So that, if the length or radius of the
winch 4 were oanly equal o half the diameter
of the great axle G, added to half the thicknels
of the rope H, the power of the crane would he
as 24 to 1 : but the radius of the winch being
double the above length, it doubles the faid
power, and fo makes it as 48 to 1: in which
cale, a man may raife 48 times as much weight

3 by
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by this engine as he could do by his natural
ftrength without it, making proper allowance
for the friflion of the working parts.—Two
men may work at once, by having another
winch on the oppofite end of the axis of the
trundle under B 3 and this will make the power
double.

If this power be thought greater than what
may be generally wanted, the wheels may be
made with fewer cogs in proportion to the ftaves
in the trundles; and fo the power may be of
whatever degree is judged to be requifite. But
if the weight be fo greatas will require yet more
power to raife it (fuppofe a double quantity)
then the rope H may be put under a moveable
pulley, as 4, and the end of it tied to a hook in
the gib at ¢35 which will give a double power to
the machine, and fo raife a. double weight
hooked to the block of the moveable pulley.

When only fmall burthens are to be raifed,
this may be quickly done by men puthing the
axle G round by the long fpokes y, 3, y, v ; hav-
ing firft difengaged the trundle B from the wheel
C: and then, this wheel will only act as a fiy
vpon the wheel F'; and the catch R will prevent
its running back, if the men fhould inadvert-
ently leave off puthing before the burthen be
unhocked from .

Laftly, When very heavy burthens are to be
raifed, which might endanger the breaking of
the cogs in the wheel F; their force againft thefe
cogs may be much abated by men puthing round
the long fpokes 3, 3, ¥, y, whillt the man at 4
turns the winch,

1 have only thewn the working parts of this -
crane, without the whole of the beams which
fupport them ; knowing that thele are eafily
fuppofed,
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fuppofed, and that if they had been drawn,
they would have hid a great deal of the
working parts from fight, and alfo confufed the
figure.

Another very good crane is made in the fol- Asother
lowing manner. 4 A is a great wheel turned crave.
by men walking within it at . On the par; V¢ 2-
C, of its axle B C, the great rope D is wound as
the wheel turns 3 and this rope draws up goods
in the fame way as the rope H H does in the
above-mentioned crane, the gib-work here be-
ing {fuppofed to be of the fame forr. Bur thefe
cranes are very dangerous to the men in the
wheel ; for, if any of the men fthould chaace to
fall, the burthen will make the wheel run back
and throw them all about within it; which
often breaks their limbs, and fometimes Lills
them. The late ingenious Mr. Padmore of Brif-
tol, (whofe conttivance the forementioned crane
18, fo far as I can remember its confiru&ion,
after fecing it once-about twelve years ago %)
obferving this dangerous conftru&ion, con-
trived a method for remedying it, by putring
cogs all around the outfide of the wheel, and
applying a trundle Eto turn it 3 which increafes
the power as much as the number of cogs in the
wheel is greater than the number of ftaves in
the trundle: and by putting a rarchet-wheel #
on the axis of the trundle, (as in the above-
mentioned crane) with a catch to fall into ir, the
great wheel is ftopt from running back by
the force of the weight, even if all the men in

* Since the firlt edition of this book was printed, T have
feen the fame cranc again; and do find, that though the
working parts are much the fame as above defcribed, yer
the method of raifing or lowering the trundle B, and the
gatch R, ave batter contrived than Lhad deftribed them,

G 4 it
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it fhould leave off walking. And by one man
working at the winch /, or two men at the op-
pofite winches when needful, the men in the
wheel are much aflifled, and much greater
weights are raifed, than could be by men only
within the wheel. Mr. Padmore put allo a
gripe-wheel G upon the axis of the trundle,
which being pinched in the fame manner as de-
fcribed in the former crane, heavy burthens
may be let down without the leaft danger.
And before this contrivance, the lowering of
goods was always attended with the utmoft
danger to the men in the wheel; as every cne
muft be fenfible of, who has feen fuch engines
at work.

And it is furprifing that the mafters of wharfs
and cranes fhould be fo regardlefs of the limbs,
or even lives of their workmen, that excepting
the late Sir Fames Creed of Greenwich, and
{ome gentlemen at Briftol, there is fcarce an in-
ftance of any who has ufed this fafe contri-
vance.

The ftruéture of wheel-carriages is generally
fo well known, that it would be needlefs to de-
fcribe them. And therefore, we fhall only
point out fome inconveniencies attending the
common method of placing the wheels, and
loading the waggons.

In coaches, and all other four-wheeled car-
riages, the fore-wheels are made of a3 lefs fize
than the hind ones, both on account of turn-
ing fhort, and to avoid cutting the braces:
otherwife, the carriage would go much eafier if
the fore-wheels were as high as the hind ones,
and the higher the better, becaufe they would
fink to lefs depths in little hollowings in the
roads, and be the more ealily drawn out of
them.

e ———
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them. But carriers and coachmen give another
reafon for making the fore-wheels much lower
than the hind-wheels; namely, that when they
are {o, the hind-wheels help to pufh on the fore
ones : which is too unphilefophical and abfurd
to deferve a refutation, and yet for their fatis-
faction we fhall fhew by experiment that it has
no exiftence but in their own imaginations.

It is plain that the {fmall wheels muft turn as
much oftener round than the great ones, as
their circumferences are lefs. And therefore,
when the carriage is loaded equally heavy on
both axles, the fore-axle muft fuftain as much
more friltion, and confequently wear out as
much fooner, than the hind-axle, as the fore-
wheels are lefs than the hind-ones. But the
great misfortune is, that all the carriers to a
man do obftinately perfift, againft the cleareft
realon and demonftration, in putting the heavier
part of the load upon the fore-axle of the wag-
gon; which not only makes the friction greateft
where it ought to be leaft, but alfo prefleth the
fore-wheels deeper into the ground than the
hind-wheels, notwithftanding the fore-wheels,
being lefs than the hind ones, are with fo much
the greater difficulty drawn out of a hole or over
an obftacle, even fuppofing the weights on
their axles were equal,  For the difficulty, with

g1

equal weights, will be as the depth of the hole Fig. 1,

or height of the obftacle is to the femidiameter
of the wheel. Thus, if we fuppofe the fmall
wheel D of the waggon 4B to fall into a hole
of the depth E F, which is equal to the femi-
diameter of the wheel, and the waggon to be
drawn horizontally along; it is evident, that
the point E of the fmall wheel will be drawn
direétly againft the top of the hole ; and there-

fore,
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fore, all the power of horfes and men will not
be able to draw it out, unlefs the ground gives
way before it. Whereas, if the hind-wheel G
falls into fuch a2 hole, it finks not near {o deep
in proportion to its femidiameter; and there-
fore, the point G of the large wheel will not be
drawn diretly, but obliquely, againft the top
of the holes; and fo will be eafily got out of 1it,
Add to this, that as a fmall wheel will often
fink to the bottom of a hole, in which a great
wheel will go but a very little way, the {mall
wheels ought in all realon to be loaded with lefs
weight than the great ones : and then the heavier
part of the load would be lefs jolted upward and
downward, and the horles tired fo much the
lefs, as their draught raifed the load to lefs
heights.

It is true, that when the waggon-road is
much up-hill, there may be danger in loading
the hind part much heavier than the fore part;
for then the weight would overbang the hiad-
axle, efpecially it the load be high, and endan-
ger tilting up the fore-wheels from the ground.
In this cafe, the fafeft way would be to load it
equally heavy on both axles ; and then, as much
more of the weight would be thrown upon the
hind-axle than upon the fore one, as the ground
rifes from a level below the carriage. But as this
feldom happens, and when it does, a {mall tem-
porary weight laid upon the pole between the
horfes would overbalance the danger ; and this
weight might be thrown into the waggon when
it comes to level ground ; it is ftrange that an
advantage fo plain and obvious as would arife
from loading the hind-wheels heavieft, fhould
not be laid hold of, by complying with this
method. :

To
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To confirm thefe reafonings by experiment,
let a {mall model of a waggon be made, with
its fore-wheels 2% inches in diameter, and its
hind-wheels 4+; the whole model weighing
about 2o ounces. Let this little carriage be
loaded any how with weights, and have a fmall
cord tied to each of its ends, equally high from
the ground it refts upon; and let it be drawn
along a horizontal board, firft by a weight in a
fcale hung to the cord at the fore-part 3 the cord
going over a pulley at the end of the board
to facilitate the draught, and the weighe juft
fufficient to draw it along. Then, turn the
carriage, and hang the fcale and weight to the
hind cord, and it will be found to move along
with the fame velocity as at firft : which fhews,
that the power required to draw the carriage
is all the fame, whether the great or fmall
wheels are foremolft; and therefore the great
wheels do not help in the leaft to pufh on the
fmall wheels in the road.

Hang the fcale to the fore-cord,. and place
the fore-wheels (which are the fmall ones) in
two holes, cut three eight parts of an inch
deep into the board ; then put a weight of 322
ounces into the carriage, over the fore-axle,
and an equal weight over the hind one: this
done, put 44 ounces into the fcale, which will
be juft fufficient to draw out the fore-wheels ¢
but if this weight be taken out of the fcale, and
one of 16 eunces put into its place, if the hind-
wheels are placed in the holes, the 16 ounce
weight will draw them out; which is little more
than a third part of what was neceffary to draw
out the fore-wheels. This thews, that the lar-
ger the wheels are, the lefs power will draw the
carriage, efpecially onrough ground.

Put
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Put 64 ounces over the axle of the hind<
wheels, and 32 over the axle of the fore-opes,
in the carriage; and place the fore wheels in
the holes: then, put 38 ounces into the feale,
which will juft draw out the fore-wheels; and
when the hind ones come to the hole, they will
find but very little refiftance, becaufe they fink
but a little way into it.

But fhift the weights in the carriage, by put-
ting the 32 ounces upon the hind-axle, and the
64 ounces upon the fore one; and place the
fore-wheels in the holes : then, if 76 ounces be
put into the fcale, it will be found no more than
fufficient to draw out thefe wheels; which ig
double the power required to draw them out,
when the lighter part of the load was put upon
them: which is a plain demonftration of the ab-
furdity of putting the heavielt part of the load
in the fore-part of the waggon.

Every one knows what an out-cry was made
by the generality, if not the whole body, of the
carriers, againft the broad-wheel act; and how
thard it was to perfpade them to comply with it
even though the government allowed them to
draw with more horfes, and carry greater loads,
than ufual. Their principal objeélion was, that
as a broad wheel muft touch the ground in a greag
many more points than a narrow wheel, the fric-
tion muft of courfe be juft fo much the greater ;
and confequently, there muft be fo many more
horfes than ufual, to draw the waggen, 1 'believe
that the majority of people were of the fame
opinion, not confidering, that if the whole weight
of the waggon and load in it bears upon a
great many points, each fuftains a propor-
tionably lefs degree of weight and friction, than
when it bears only upon a few points; fo thag
what
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what is wanting in one, is made up in the other;
and therefore will be juft equal under equal de-
grees of weight, as may be thewn by the follow-
ing plain and eafy experiment.

Let one end of a piece of packthread be
faftened to a brick, and the other end toa com-
mon {cale for holding weights: then, having
laid the brick edgewife on a table, and let the
feale hang under the edge of the table, put as
much weight into the fcale as will juft draw the
brick along the table. Then taking back the
brick to its former place, lay it flat on the table,
and leave it to be acted upon by the fame weight
in the fcale as before, which will draw it along
with the fame eafe as when it lay upon its edge.
In the former cale, the brick may be confidered
as a narrow wheel on the ground ; and in the
latter as a broad wheel. And fince the brick is
drawn along with equal eafe, whether its broad
fide or narrow edge touches the table, it fhews
that a bread wheel might be drawn along the
ground with the fame eafe as a natrow one (fup-
pofing them equally heavy) even though they
fthould drag, and not roll, as they go along.

As narrow wheels are always finking into the
ground, efpecially when the heavieft part of the
load lies upon them, they muft be confidered as
going conftantly up hill, even on level ground.
And their fides muft fuftain a great deal of friction
by rubbing againft the ruts made by them. But
both thefe inconveniencies are avoided by broad
wheels ; which, inftead of cutting and plough-
ing up the rw.ds,_ roli thcn_] fmo_oth, and harden
them ; as experience teftifies in places where
they have been ufed, efpecially either on wettifh
or fandy ground : t!f_xough af'w{ all }t_mu[’: be con-
feffed, that they will not do in fiff clayey cr;)is

roads;
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roads; becaufe they would foon gather up as
much clay as would be almoft equal to the
weight of an ordinary load.

If the wheels were always to go upon {mooth
and level ground, the beft way would be to make
the fpokes perpendicular to the naves; that is,
to ftand at right angles to the axles; becaufe
they would then bear the weight of the load
perpendicularly, which is the ftrongeflt way for
wood. But becaufe the ground is generally un~
even, one wheel often falls into a cavity or rut
when the other does not; and then it bears much
more of the weight than the other does: ia
which cafe, concave or dithing wheels are beft,
becauie when one falls into a rut, and the other
keepsupon high ground, the fpokes become per-
pendicular in the rut, and therefore have the
greateft ftrength when the obliquity of the load
throws moft of its weight upon them; whilft
thofe on the high ground have lefs weight tobear,
and therefore need not be at their full ftrength.
So that the ufual way of making the wheels con-
cave is by much the beft.

The axles of the wheels ought to be perfedtly
firaight, that the rim of the wheels may be
parallel to each other ; for then they will move
eafieft, becaufe they will be at liberty to go on
ftraight forwards. But in the ufual way of prac-
tice, the axles are bent downward at their ends ;
which brings the fides of the wheels next the
ground nearer to one another than their oppofite
or higher fides are : and this not only makes the
wheels to drag fidewife as they go along, and
gives the load as much greater power of crufhing
them than when they are parallel to each other,
but alfo endangers the over-turning of the car-
riage when any wheel falls into a hole or rut; or

when
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“~
when the carriage goes in a road which has one
fide lower than the other, as along the fide of a
hill. Thus (in the hind view of a waggon or
cart) let A E and B I be the great wheels paral-
lel to each other, on their ftraight axle K, and
HC I the carriage loaded with heavy goods from
Cto G. Then, as the carriage goes on in the
oblique road 42 B, the center of gravity of the
whole machine and load will be at C¥ 4 and the
line of direétion Cd D falling within the wheel
B F, the carriage will not overfer. But if the
wheels be inclined to each other on the ground,
as 4 E and B I are, and the machine be loaded
as before, from € to G, the line of direftion
Cd D falls without the wheel B F, and the whole
machine tumbles over. When it is loaded with
heavy goods (fuch as lead oriron) which lie low,
it may travel {afely upon an oblique road fo long
as the center of gravity is at G, and the line of di-
reCtion C 4 falls within the wheels ; but if it be
loaded high with lighter goods (fuch as wool-
packs) from C to L, the center of gravity is raifed
from C to K, which throws the line of direction
K k without the loweft edge of the wheel B F
and then the load overfets the waggon.

If there be fome advantage from fmall fore-
wheels, on account of the carriage turning more
eafily and fhort than it can be made to do when
they are large; there is at leaft as great a difad-
vantage attending them, which is, that as their
axle is below the level of the horles breafts, the
horfes not only have the loaded carriage to
draw along, but alfo part of its weight to bear;
which tires them fooner, and makes them
grow much {tiffer in their hams, than they
would be if they drew on a level with the fore-
axle. And for this reafon, we find coach horfes
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Of the Pile-Engine.
foon become unfit for riding.  So that on all zc<
counts it is plain, that the fore-wheels of all car-

- riages ought to be {o high, as to have their axles

even with the breaft of the horfes ; which would
not only give the horfes a fair draught, but like-
wife keep them longer fit for drawing the car-
riage.

We fhall conclude this lecture with a deferip-
tion of Mr. Pauloue’s curious engine, which was
made ufe of for driving the piles of Weftminfter-
bridge : and the reader may caft his eyes upon
the firft and fecond ﬁgures of the plate, in which
the fame letters of reference are annexed to the
fame parts, in order to explain thofe in the fe-
cond, which are either partly or wholly hid in
the firft, ‘

A is the great upright fhaft or axle, on which
are the great wheel B and drum C, turned by
hotfes joined to the bars §, 8. The wheel B turns
the trundle X, on the top of whofe axis is the
fly O, which ferves to regulate the motion, and
alfo to act againft the horfes, and keep them
from falling when the heavy ram @ is difcharged
to drive the pile P down into the mud in the
bottom of the river. The drum C is loofe upon
the fhaft 4, but is locked to the wheel B by the
bolt 2.  On this drum the great rope H H is
wound ; one end of the rope being fixed to the
drum, and the other to the follower G, to which
it is conveyed over the pulleys 7 and K. Inthe
follower G is contained the tongs F (fee Fig.
3.) that takes hold of the ram @ by the ftaple R
for drawing it up. D is a {piral or fufy Axt 1o
the drum, on which is wound the {mall rope 7
that goes over the pulley U, under the puiley 7,
and is faftened to the top of the frameat 7. Ta
the pulley block # is hung the counterpoife 77,
which
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which hinders the follower from accelerating as
it goes down to take hold of the ram: for, as
the follower tends to acquire velocity in its de-
fcent, the line 7 winds downwards upon the
fufy, on a larger and larger radius, by which
means the counterpoife /7 afls ftronger and
fironger againft it; and fo allows it to come
down with only a moderate and uniform velo-
city. The bolt 2 locks the drum to the great
wheel, being puthed upward by the fmall lever
2, which goes thirough a mortife in the fhaft 4,
turns upon a pin in the bar 3 fixt to the great
wheel B, and has a weight 4, which always tends
to pulh up the bolt 2° through the wheel into
the drum, L is the great lever turning on the
axis m, and refting upon the forcing bar 5, 5,
which goes down through a hollow in the thaft
A, and bears up the lictle levet 2.

By the horfes going round, the gteat rope H
is wound: about the drum C, and the ram 9 is
drawn up by the tongs F in the follower G, until
the tongs comes between the inclined planes £
which, by fhutting the tongs at the top, opens it
at the foot, and difcharges the ram, which falls
down between the guides 4 4 ugon the pile. P;
and drives it by a few ftrokes as far into the mud
as it can go; afier which, the top-part is fawed
off clofe to the mud, by an engint for that pur-
pofe. Immediately after the ram is difcharged,
the piece 6 upon the follower G takes hold of the
fopes 4, @, which raife the end of the lever L, and
caufe its end IV to defcend and prefs down the
forcing bar 5 upon the little lever 2, which by
pulling down the belt 2, unlocks the drum ¢
from the great wheel B ; and then, the follower,
being at liberty, comes down by its own weight
to the ram; and the lower ends of the tongs flip

H over
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over the ftaple R, and the weight of their'heads
caufes them to fall outward, and fhuts upon
it. 'Then the weight 4 pufhes up the bolt 7 in-
to the drum, which locks it to the great wheel,
and fo the ram is drawn up as before,

As the follower comes down, it caufes the
drum to turn backward, and unwinds the rope
from it, whilft the horfes, great wheel, trundle
and fly, go on with an uninterrupted motion :
and as the drum is turning backward, the coun-
terpoife 77 is drawn up, and its rope 7 wound

upon the {piral fufy D.
- There are feveral holes in the under fide of
the drum, and the bolt 2” always takes the firft
one that it finds when the drum ftops by the
falling of the follower upon the ram ; until which
ftoppage, the bolt has not time to flip into any
of the holes.

This engine was placed upon a barge on the
water, and fo was eafily conveyed to any place
defired.—1 never had the good fortune to fee it,
but drew this figure from a model which I made
from a print of it; being not quite fatisfied with
the view which the print gives. 1 have been
told that the ram was a ton weight, and that the
guides 4 4, between which it was drawn up and
let fall down, were 30 feet high. I fuppofe the
great wheel may have had 100 cogs, and the
trundle 10 ftaves or rounds; fo that the fly
W‘OUI? make 10 revolutions for one of the great
wheel,

-
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Of Hydrofiatics.

L B T s
Of hydraftatics, and hydroulic machines,

HE fcience of hydrofiatics treats of the

nature, gravity, preffure, and motion of
fluids in general; and of weighing folids in
them.

A fluid is a body that yields to the leaft pref-
fure or difference of preflures. Its particles are
{o {mall, that they cannot be difcerned by the
beft microfcopes ; they are hard, fince no fuid,
except air or fteam, can be prefled into a lefs
ipace than it naturally poficfles’; and they muft
be round and fmooth, feeming they are fo eafily
moved among one another,

All bodies, both fluid and folid, prefs down-
wards by the force of gravity : but fluids have
this wonderful property, that their preffure up-
wards and fidewife is equal to their preflure
downwards ; and this is always in proportion to
their perpendicular height, without any regard
to their quantity 3, for, as each particle is quite
free to move, it will move towards that part or
fide on which the preflure is leatt. And hence,
no particle or quantity of a fluid can be at reft,
till it is every way equally prefied.

To thew by experiment that fluids prefs up-
ward as well as downward, let 4 B be a long
upright tube filled with water near to its top;
and C D a fmall tube open at both ends, and
immerfed into the water in the large one ; if the
immerfion be quick, you will fee the water rife
in the fmall tube to the fame height that it ftands
in the great one, or until the furfaces of the

2 water
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water in both are on the fame level : which thews
that the water is prefled upward into the fmall
tube by the weight of what is in the great
one ; otherwife it could never rife therein, con-
trary to its natural gravity ; unlefs the diameter
of the bore were fo fmall, that the attraétion of
the tube would raife the water ; which will ne-
ver happen, if the tube be as wide as that in a
common barometer, And, as the water rifes no
higher in the fmall tube than till its furface be-
on a level with the furface of the water in the
great one, this fhews that the prefiure is not in
proportion to the quantity of water n the great
tube, but in proportion to its perpendicular
height therein : for there is much more water
in the great tube all around the fmall one, than
what is raifed to the fame height in the fmall one,
as it ftands within the great.

Take out the {mall tube, and let the water
run out of it then it will be filled with air.
Stop its upper end with the cork G, and it will
be full of air all below the cork : this done,
plunge it again to the bottom of the water in the
great tube, and you will fee the water rife up in
it only to the height D; which fhews that the air
is a bodys otherwife it could not hinder the water
from rifing up to the fame height as it did be-
fore, namely, to A4; and in fo doing, it drove
the air out at the top; but now the air is con-
fined by the cork C: and it alfo fhews that the
air is a compreflible body, for if it were not fo,
a drop of water could not enter into the tube.

The preflure of fluids being equal in all di-
rections, it follows that the fides of a veffel are as
much prefied by a fluid in it, all around in any
given ring of points, as the fluid below that ring
1s prefied by the weight of all that ftands above

1t
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it. Hence the preffure upon every point in the
fides, immediately above the bottom, is equal to ~
the preflure upon every point of the bottom. To
fhew this by experiment, let a hole be made at Fig. z.
¢ in the fide of the tube 4 B clofe by the bot-
tom ; and another hole of the fame fize in the
bottom at C; then pour water into the tube,
keeping it full as long as you choofe the holes
fhould run, and have two bafons ready to receive
the water that runs through the two holes, until
you think there is enough in each bafon; and
vou will find by meafuring the quantities, that
they are equal; which fhews that the water run
with equal fpeed through both holes: which it
could not have done, it it had not been equally
prefled through them both. For, if a hole of
the fame fize be made in the fide of the tube, as
about f, and if all three are permitted to run
together, you will find that the quantity run
through the hole at f is much lefs than what has
run in the fame time through eicher of the holes
Core.

In the {fame figure, let a tube be turped up
from the bottom at C into the fthape D E, and
the hole at C be ftopt with a cork.  Then, pour
water into the tube to any height, as Ag, and it
will fpout upin a jet E F G, nearly as high as it
is kept in the tube A4 B, by continuing to pour
in as much there as runs through the hole £,
which will be the cafe whilt the furface 4p keeps
at the fame height. And if a lictle ball of cork
G be laid upon the top of the jet, it will be fup-
ported thereby, and dance upon it. The reafon
why the jet rifes not quite fo high as the furface
of the water 4g, is owing to the refiftance it meets
with in the open air : for, if a tube, cither great
or {mall, was fcrewed upon the pipe at E, the
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water would rife in it untl the furface of the
water in both tubes were on the fame leyel ; as
will be thewn by the next experiment,

Any quantity of a fuid, how {mall foever,
may be made to balance and fupport any quan-
tity, how great foever. This is defervedly
termed tke bydroftatical paradox, which we fhall
firft thew by an experiment, and then account for
it upon the principle above mentioned ; namely,
that the praffure of fluids is direéily as their perpen-
dicular beight, without any regard to their quantity.

Let a imall glafs tube DCG, open throughout,
and bended at B, be joined to the end of a great
one A1 at ¢ d, where the great one is alfo open;
fo that thefe tubes in their openings may freely
communicate with each other. Then pour wa-
ter through a fmall necked funnel into the {mall

tube at 4 ; this water will run through the join-

ing of the tubes at ¢ 4, and rife up into the great
tube ; and if you continue pouring until the fur-
face of the water comes to any part, as 4, in the
great tube, and then leave off, you will fee that
the furface of the water in the {mall tube will be
juit as high, at D; fo that the perpendicular
height of the water will be the fame in both
tubes, however fmall the one be in proportion to
the otber. This fhews, that the fmall column
D CG balances and fupports the great column
A ¢d: which it could not do if their preflures
were not equal againlt one another in the re-
curved bottom at B.—If the fmall tube be made
longer, and inclined in the fituation G E F, the
furface of the water in it will ftand at F, on the
fame level with the furface A in the great tube ;
that is, the water willhave the fame perpendicular
height in both tubes, although the column in the
imall tube is longer than that in the great one ;
the
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the former being oblique, and the latter per-
pendicular.

Since then the preflure of fuids is direély as
their Perpendi_cular _hv:ights, without any regard
to their quantities, 1t appears that whatever the
figure or fize of veflels be, if they are of equal
heights, and if the areas of their bottoms are
equal, the prefiures of equal heights of water are
equal upon the bottoms of thefe veflels; even
though the one fhould hold a theuland or ten
thoufand times as much water as would fill the
other. To confirm this part of the hydroftatical Fig- 4 5.
paradox by an experiment, ler two veflels be
prepared of equal heights but very unequal
contents, fuch as 4 B in Fig. 4. and 4B in Fig.
5. Let each veflel be open at both ends, and
their bottoms Dd, D d be of equal widths, Let
a brafs bottom CC be exactly fitted to each vel-
{el, not to go into it, but for it to ftand upon ;
and let a picce of wet leather be put between
each vefiel and its brafs bottom, for the {ake of
clofenefs.  Join each bottom to its veffel by a
hinge D, fo that it may open like the lid of a
box ; and let each bottom: be kept up to its
vellel by equal weights E and E hung to lines
which go over the pulleys F and F (whofe blocks
are fixed to the fides of the veflels at f) and the
lines tied to hooks at 4 and 4, fixed in the brafs
bottoms oppofite to the hinges D and D. Things
being thus prepared and fitted, hold the vefiel
Ab (Fig. 5.) upright in your hands over a bafon
on a table, and caufe water to be poured into the
veflel flowly, till the preffure of the water bears
down its bottom at the fide 4, and raifes the
weight E ; and then part of the water will run
out at 4. Mark the height at which the furface
H of the water fiood in the veflel, when the bot-

H 4 , tom
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tom began to give way at 45 and then, holding
up the other veflel 4 B (Fig. 4.) In the fame
manner, caufe water to be poured into it at A,
and you will fee that when the water rifes to 4
in this veffel, juft as high as it did in the former,
its bottom will alfo give way at d, and it will
lofe part of the water.

The natyral reafon of this furprifing pheno-
menon is, that fince all parts of a fluid at equal
depths below the furface are equally prefled in
all manner of directions, the water immediately
below the fixed part B f (Fig. 4.) will be preffed
as much upward againft its lower furface within
the veflel, by the action of the column Ag, as
it would be by a column of the fame height, and
of any diameter whatever; (as was evident by
the experiment with the tube, Fig. 3.) and there-
fore, fince altion and reaction are equal and
contrary to each other, the water immediately
below the furface B f will be prefled as much
downward by it, as if it was immediately touch-
ed and prefled by a column of the height g 4,
and of the diameter B f: and therefore, the
water in the cavity B D 4 f will be prefied as
much downward upon its bottom CC, as the
bottom of the other veffel (Fig. 5.) is prefled by
all the water above it, :

To illuftrate chis a little farther, let a hole be
made at f in the fixed top B £, and let a tube G
be putintoit ; then, if water be poured into the
tube 4, it will (after filling the cavity B 4) rife
up into the tube G, until it comes to a level with
that in the tube 4, which is manifeftly owing to
the preffure of the water in the tube 4, upon
that in the cavity of the veffel below it. -Con-
fequently, that part of the top B f, in which the
hole is now made, would, if corked up, be
' prefled
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prefied upward with a force equal to the weight
of all the water which is fupported in the tube G :
and the fame thing would hold at g, if a hole
were made there. And fo if the whole cover or
top B f were full of holes, and had tubes as bigh
as the middle one 4 ¢ put into them, the warer
in each tube would rife to the fame height as it is
kept into the tube 4, by pouring more into it,
to make up the deficiency that it fuftains by fup-
plying the others, until they are all full: and
then the water in the tube 4 would fupport
equal heights of water in all the reft of the tubes.
Or, if all the tubes except 4, or any other one,
were taken away, and a large tube equal in dia-
meter to the whole top B f were placed upon it,
and cemented to it, and then if water were
poured into the tube that was kft in either of
the holes, it would afcend through all the reft of
the holes, until it filled the large tube to the
fame height that it ftands in the {fmall one, after
a fufficient quantity had been poured into ic:
which fhews, that the top Bf was prefled vp-
ward by the water vnder i, and before any
hole was made in it, with a force equal to that
wherewith it is now preffed downward by the
weight of all the water above it in the great
tube. And therefore, the reaction of the fixed
top Bf muft be as grear, in prefling the water
downward upon the bottom C C, as the whole
preflure of the water in the great tube would
have been, if the top had been taken away, and
the water in that tube left to prefs direétly upon
the water in the cavity B D d f.

Perhaps the beft machine in the world for rig. 6.
demonttrating the upward preflure of fuids, is The -
the hydroftatic bellows 4; which confifts of two z{"‘/’“""
thick oval boards, each about 16 inches broad, e
and 18 inches long, covered with leather, to

5 open
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open and {hut like a common bel]ows but with-
out valves; on]y a pipe B, about three feet
hwh, 1s fixed into the bellows at e.  Let fome
water be poured into the pipe at ¢, which will
run into the bellows, and feparate the boards a
little. Then lay three weights &, ¢, 4, each ,vunh-
ing 100 pounds, upon the upper boaid ,

pour more water into the pipe B, which w1}l ran
into the bellows, and raife up tht: board with all
the weights upon it; and if the pipe be kept
fall, until the weights are raifed as high as the
leather which covers the bellows will allow them,
the water will remain in the pipe, and fupport
all the weights, even though it thould weigh no
* more than a quarter of a pound, and they 300
pounds : nor will all their force be able to caufe
them to defcend and force the water out at the
top of the pipe.

The reafon of this will be made evident, by
conflidering what has been already faid of the
refult of the preflure of fluids of equal heights
without any regard to the quantities. Tur, if a
hole be made n the upper board, and a tube be
put into it, the water will rife in the tube tothe
fame height that it does in the pipe; and would
rile as hiU (by fupplying the pipe) in as many
tubes as the board could contain hol#s Now,
fuppofe only one hcm: to be made in any y part of
the board, of an equal diamecter with the bore of
the pipe B; and that the pipe holds juft a quz -
ter of a pound of waters it a perfo n clans his

finger upon the hole, and the pe be f-t;_ui with
water, he will find his finger to be prefled up-
ward with a force equal to a quarter of a pound.
And as the fame preffure is equa! vpon all ¢qual
parts of the board, cach parc whofe area is vqual
to the area of the hole, will be preffed L"“W‘-I'J_Wlth
a force equal to that of 2 quarter of 2 pound the
fum
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fum of all which preffures againft the under fide
of an oval board 16 inches broad, and 18 inches
long, will amount to 300 pounds; and therefore
fo much weight will be raifed up and fupported
by a quarter of a pound of water in the 1pe.

Heice, if a man ftands upon the upper board, How a
and blows into the bellows through the pipe B, man may
he will raife himfelf upward upon the board : raife him-
and the fmaller the bore of the pipe is, the eafier ff,]‘,:m“fl’)'
he will be able to raife himfelf. ~ And then, by his
clapping his finger upon the top of the pipe, he breath,
can {upport himfelf as long as he pleafes ; pro-
vided the bellows be air-tight fo as not to lofe
what is blewn into it. :

This figure, I confefs, ought to have been
much larger than any other upon the plate; but
it was not thought of, until all the reft were
drawn; and 1t could not fo properly come into
any other plate.

Upon this principle of the upward preffure of How fotid
fluids, a piece of lead may be made to fwim in lead may
water, by immerfing it to a proper depth, and !?f:mf":"c L9
kecping the water from getting above it. Ler o ™
CD be a glafs tube, open throughout, and
£ FG a flat piece of lead, exactly fitted to the gy, -,
lower end of the tube, not to go within it, bue
for it to ftand upon s with a wet leather between
the lead and the tube to make clofe work. Let
this leaden bottom be half an inch thick, and
held clofz to the tube by puiling the packthread
IHL vpward at I with one hand, whillt the
tube 1s held in the other by the upper end C.

In this fituation, let the tube be immerfed in
water in the glals veflel 4 B, to the depth of fix
inches below the furface of the water ar £ 5 and
then, the leaden bottom E F G will be plunged
to the depth of fomewhat more than eleven times

18
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its own thicknefs: holding the tube at that
depth, you may let go the thread at Z; and
the lead will not fall from the tube, but will be
kept to it by the upward preffure of the water
below it, occafioned by the height of the water
at K above the level of the lead. For as lead is
11,33 times as heavy as its bulk of water, and is
in this experiment immerfed to a depth fome-
what more than 11.33 times its thicknefs, and
no water getting into the tube between it and
the lead, the column of water E a %« G below the
lead is prefled upward againft it by the water
K D E G L all around the tube ; which water
being a little more than 11.33 times as high as
the lead is thick, is fufficient to balance and fup-
port the lead at the depth K E.  If a little water
be poured into the tube vpon the lead, it will
increafe the weight upon the column of water
under the lead, and caufe the lead to fall from
the tube to the bottom ef the glafs veflel, where
it will lie in the fituation & 4. Or, if the tube be
raifed a little in the water, the lead will fall by its
own weight, which will then be too great for the
preflure of the water around the tube upon the
column of water below it.

Let two piecesof wood be plained quite flat, fo

be cemented to the bottom of the vefiel 4 B
(Fig. 7.) and the other piece be laid flat and clofe
upon it, and held down to it by a ftick, whilft
water is poured into the veflel; then remove
the ftick, and the upper piece of wood will not
rife from the lower one: for, as the upper one is
prefied down both by its own weight 2nd the
weight of all the water over it, whilft the con-
trary prefiure of the water is kept off by the
wood
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wood under it, it will lie as fill as a ftone would
do in its place. But if it be raifed ever fo little
at any edge, fome water will then get under it ;
which being acted upon by the water above, will
immediately prels it upward ; and asit is lighter
than its bulk of water, it will rife, and float upon
the furface of the water.

All fluids weigh juft as much in their own
elements as they do in open air. To prove
this by experiment, let as much fhot be put into
a phial, as, when corked, will make it fink in
water: and being thus charged, let it be
weighed, firft in air, and then in water, and
the weights in both cafes wrote down. Then,
as the phial hangs. fufpended in water, and
counterpoifed, pull out the cork, that water may
run into it, and it will defcend, and pull down
that end of the beam. This done, put as much
weight into the oppofite {cale as will reftore the
equipoife ; which weight will be found to anfwer
exattly to the additional weight of the phial when
it is again weighed in air, with the water in it.

The velocity with which water fpouts out ata The velg-
hole in the fide or bottom of a veffel, is as the city of
* {quare root of the depth or diftance of the {pouting
hole below the furface of the water. For, in Water

order to make double the quantity of a fAuid
run through one hole as through another of the
fame fize, it will require four times the preffure
of the other, and therefore muft be four times
the depth of the other below the furface of the
water : and fOl_‘ the fame reafon, three times the
quantity running in an equal time through the

* The fquare root of any namber is that whic) being
multiplied by itfelf produces the {2id number, Thus, 2 1s
the fquare root of 4, and 3 is the fquare root of 9: for 2
multiplied by 2 produces ¢, and 3 multiplied by 3 pro-
duces 9, &c.

fame
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fame fort of hole, muft run with three times
the velocity, which will require nine times the
preflure; and confequently muft be nine times
as deep below the furface of the fluid : and fo
: on.—To prove this by an experiment, let two
Fig- 8 pipes, as C and gs of equal fized bores, be
fixed into the fide of the veficl 4 B ; the pipe
g being four times as deep below the furface of
the water at 4 in the veflel as the pipe Cis: and
whilit thefe pipes run, let water be conflantly
poured into the veflel, to keep the furface ftill
at the fame height. Then, if a cup that holds
a pint be fo placed as to receive the water that
fpouts from the pipe C, and at the fame moment
a cup that holds a quart be fo placed as to receive
the water that fpouts from the pipe g, both cups
will be filled at the fame time by their refpec-
tive pipes.
The hori- L he horizontal diftance, to which a fluid will
zontal  fpout from a horizontal pipe, in any part of the
diftance  fide of an upright veflel below the furface of the
:\"’1;‘"”“.’11 fluid, is equal to twice the length of a perpen-
aler wi .
oot dicular to the fide of the veffel, drawn from the
from mouth of the pipe to a femicircle defcribed upon
Pipes.  the altitude of the fluid: and therefore, the
fluid will {fpout to the greateft diftance pofiible
from a pipe, whofe mouth is at the center of
the femicircle; becaufe a perpendicular to its
diameter ({uppofed parallel to the fide of the
veflel) drawn from that point, is the longeft that
can poffibly be drawn from any part of the
diameter to the circumference of the femicircle.
Fig. 8. Thus, if the vefiel 4 B be full of water, the
horizontal pipe D be in the middle of its fide,
and the femicircle IV d ¢ & be defcribed upon D
as a center, with the radius or femidiameter
D g N, or D f b, the perpendicular D 4 to the
diameter N D & is the longeft that can be drawn
from
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from any part of the diameter to the circumfe-
renge Nd ¢ b And if the veffel bekept full,
the jet G will fpout from the pipe D, to the
horizontal diftance N M, which is double the
length of the perpendicular D 4. If two other
pipes, 28 € and F, be fixed into the fide of the
veflel at equal diftances above and below the

pipe D, the perpendiculars C¢ and E ¢, from'

thefe pipes to the femicircle, will be equal 3 and
the jets F and # fpouting from them will each
go to the horizontal diftance N K; which is
double the length of either of the equal perpen-
diculars C c or E H.

Fluids by their prefiure may be conveyed over
hills and vallies in bended pipes, to any height
not greater than the level of the fpring from
whence they flow. But when they are defip

113

How wa-

ter may

be con-

veyed

gned over hills

to be raifed higher than the fprings, forcing en- #nd val-

gines muft be ufed ; which fhall be defcribed
when we come to treat of pumps,

A fyphon, generally uled for decanting li-
quors, is a bended pipe, whofe legs are of un-
equal lengths ; and the fhortelt leg muft always
be put into the liquor intended to be decanted,
that the perpendicular altitude of the column of
liquor in the other leg may be longer than the
column in the immerfed leg, efpecially above
the furface of the water. For, if both columns
were equally high in that refpe&, the atmo-
fphere, which prefies as much upward as down-
ward, and therefore afts as much upward
againft the Colqmn in the leg that hangs without
the veffel, as it acts downward upon the fur-
face of the liquor in the veflel, would hinder
the running of the liquor through the fyphon,
even though it were brought over the bended
part by {action. So that thereis nothing left to

3 caufe

lies.
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caufe the motion of the liquor, but the fupérior
weight of the column, in the longer leg, on
account of its having the greater perpendicular
height,

Let D be a cup filled with water to C, and
A B C a fyphon, whofe fhorter leg B C F is im-
merfed in the water from C to F. If the end of
the other leg were no lower than the line 4C,
which is level with the furface of the water, the
fyphon would not run, even though the air
fhould be drawn out of it at the mouth 4. For
although the fuction would draw fome water at
firft, yer the water would ftop at the moment
the fuction ceafed ; becaufe the air would a& as
much upward againft the water at 4, as it acted
downward for it by prefling on the furface at C.
But if the leg 4 B comes down to G, and the
air be drawn out at G by fuction, the water will
immediately follow, and continue to run, until
the furface of the water in the cup comes down
to F; becaufe, till then, the perpendicular
height of the column B 4G will be greater than
that of the column C B ; and confequently, its
weight will be greater, until the furface comes
down to #3; and then the fyphon will fop,
though the leg C F fhould reach to the bottom
of the cup. For which reafon, the leg that
bangs without the cup is always made long
enough to reach below the level of its bottom ;
as from 4 to £: and then, when the fyphon 1s
emptied of air by fuflion at E, the water im-
mediately follows, and by its continuity brings
away the whole from the cup; jult as pulling
one end of a thread will make the whole clue
follow.

If the perpendicular height of a fyphon, from
the furface of the water to its bended top at B,
be
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be more than 33 feet, it will draw no water,
even though the other leg were much longer,
and the {fyphon quite emptied of air; becaule
the weight of .a CO_]UIDH of water 32 feet high
is equal to the weight of as thick a column of
air, reaching from the furface of the earth to
the top of the atmefphere ; fo that there will
then be an equilibrium, and confequently,
though there would be weight enough of air
upon the furface C to make the water afcend in
the leg C B almolt to the height B, if the {y-
phon were emptied of air, yet that weight would
not be fufficient to force the water over the
bend ; and therefore, it could never be brought
over into the leg B 4G. _

Let a hole be made quite through the bottom Fig. 10.
of the cup 4, and the longer leg of the bended Tunralus's
fyphon D E BG be cemented into the hole, fo “:
that the end D of the thorter leg' D £ may al-
moft touch the bottom of the cup within.
Then, if water be poured into this cup, it will
rife in the fhorter leg by its upward preflure,
driving out the air all the way before it through
the longer leg: and when the cup is filled above
the bend of the fyphon at F, the prefiure of
the water in the cup will force it over the bend
of the {yphon; and it will defcend in the longer
leg CBG, and run through the bortom, until
the cup !ae emptied,

This is generally called Tantalus's cup, and
the legs of the fvphon in it are almoft clofe to-
gether; and a hitle hollow flatue, or figure of
a man, is fometimes put over the fyphon to con-
ceal it ; the bend E being within the neck of
the fgure as high as the chin, So that poar
thirlty 7antalus ftands up to the chin in warer,
imagining it will rife a lictle higher; and he

I may
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may drink ; but inftead of that, when the water
comes up to his chin, it immediately begins'to
defcend, and fo, as he cannot {toop to follow
it, he is left as much pained with thirft as
ever.

The device called the fountain at command
aéts upon the fame principle with the fyphon in
the cup. Let two veffels 4 and B be joined
together by the pipe C which opens into them
both. Let 4 be open at top, B clofe both at
top and bottom (fave only a fmall hole at 4 to
let the air get out of the veflel B) and 4 be of
fuch a fize, as to hold about fix times as much
water as B. Let a fyphon D E F be foldered to
the veffel D, fo that the part D Ee may be
within the veflel, and F without it ; the end D
almoft touching the bottom of the vefiel, and
the end F below the level of D: the veifel B
hanging to .4 by the pipe C (foldered into both)
and the whole fupported by the pillars G and X
upon the ftand £ The bore of the pipe muft
be confiderably lefs than the bore of the fy-
phon.

The whole being thus conftrutted, let the
veflel 4 be filled with water, which will run
through the pipe C, and fill the vefiel B. When
B is filled above the top of the fyphon at E, the
water will run through the fyphon, and be dif-
charged at . But as the bore of the {fyphon
is larger than the bore of the pipe, the fyphon
will run fafter than the pipe, and will foon
empty the veflel B; upon which the water will
ceafe from running through the fyphon at F,
until the pipe C re-fills the veflel B, and then it

+ will begin to run as before. And thus the {y-

phon will continue to run and ftop alternately,
until all the water in the wveffel 4 has ron
through
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through the pipe €.—So that after a few trials,
one may eafily guefs about what time the fy-
phon will ftop, and when it will begin to run :
and then, to apmfe others, he may call cut fisp,
Or run, ac‘C()l'dlngiy.

Upen this principle, we may eafily account z,,.. ..
for #nlermilting or reciprocating [prings.  Leg ing
A A4 be part of a hill, within which there is a jriggs.
cavity B B; and from this cavity a vein or Fig. 2.
channel running in the direction BCDE. The
rain that falls v; on the fide of the hill will fink
and ftrain through the fmall pores and cranies
G, G, G, G and fll the cavity with water K,
When the water rifes to the level HZ C, the
vein B CD E will be filled to C, and the water
will run through CD F as through a iyphon ;
which running will continue until the cavity be
emptied, and then ic will ftop unul the cavity
be filled again.

"The common pump (improperly called the fuck- The com-

ing pump), with which we draw water out of mon pump.
wells, 1s an engine both preumatic and hydraulic.
It confifts of a pipe open at both ends, in which
1s a moveable pilton or bucket, as big as the
bore of the pipe in that part wherein it works ;
and. is leathered round, fo as to fit the bore
exattly ; and may be moved up and down, with-
out fulfering any air to come between it and the
pipe or pump barrel. '

We fhall explain the conftru@ion both of
this and the forcisg-pump by pictures of glafs
models, in which both the adtion of the piftons
and motion of the valves are feen.

Hold the model DCBL upright in the veffz] £
of water K, the water being deep enough o & 3
rife at leait as high as from .7 to L. The valve
a on the moveable bucket G, and the valve &

I2 on
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on the fixed box H, (which box quite fills the
bore of the pipe or barrel at H) will each lie
clofe, by its own weight, upon the hole in the
bucket and box, until the engine begins to
work. The valves are made of brafs, and
lined underneath with leather for covering the
holes the more clofely: and the bucket G is .
raifed and deprefied alternately by the handle E -
and rod D4, the bucket being fuppofed at B
before the working begins.

Take hold of the handle E, and thereby
draw up the bucket from B to C, which will
make room for the air in the pump all the way
below the bucket to dilate itfelf, by which its
fpring is weakened, and then its force 1s not
equivalent to the weight or preffure of the out-
ward air upon the water in the veflfel K: and
therefore; at the firft ftroke, the outward air
will prefs up the water through the notched
foot A, into the lower pipe, about as far as e:
this will condenfe the rarefied air in the pipe
between ¢ and C to the fame ftate it was in be-
fore; and then, as its {pring within the pipe
is equal to the force or prefiure of the outward
air, the water will rife no higher by the firft
ftroke ; and the valve 4, which was raifed a
little by the dilatation of the air in the pipe, will
fall, and ftop the hole in the box H; and the
furface of the water will ftand at e. Then,
deprefs the pifton or bucket from C to B, and
as the air in the part B cannot get back again
through the valve 2, it will (as the bucker de-
feends) raife the valve 4, and {fo ‘make its way
through the upper part of the barrel 4 into the
open air. But upon raifing the bucket G a fe-
cond time, the air between it and the water in
the lower pipe at ¢ will be again left at liberty to
fill
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fill a larger fpace; and fo its fpring being again
weakened, the preflure of the outward air on
the water in the veffel K will force more water
up into the lower pipe from e to f; and when
the bucket is at its greateft height €, the lower
valve » will fall, and ftop the hole in the box
I as before. At the next ftroke of the bucker
or pifton, the water will rife through the box
H towards B, ‘and then the valve 4, which was
raifed by it, will fall when the bucket G is at
its greateft height. Upon deprefling the bucket
again, the water cannot be puthed back through
the valve 5," which keeps clofe upon the hole
whilft the pifton defcends. And upon raifing
the pifton again, the outward preflure of the air
will force the warter up through 77, where it will
raife the wvalve, and follow the bucker to
C. Upon the next depreflion of the bucket
G, it will go down into the water in the barrel
B, and as the water cannot be driven back
through the now clofe valve 2, it will raife the
valve & as the bucket defcends, and will be
lifted up by the bucket when it is next raifed.
And now, the whole fpace below the bucket
being full, the water above it cannot fink when
it 1s next depreflfed ; but upon its depreffion,
the valve z will rife to let the bucket go down ;
and when it is quite down, the valve « will fall
by its weight, and ftop the hole in the bucket.
‘When the bucker is next raifed, all the water
above it will be lifted up, and begin to run off
by the pipe Z  And thus, by raifing and
deprefling the bucket alternately, there is fuill
more water raifed by it ; which getting above
the pipe F, into the wide top 7, will {fupply
the pipe, and make it run with a continued
ftream.

g So,
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So, at every time the bucket is raifed, the
valve ¢ riles, and the valve 4 falls; and at every
time the bucker is depreffed, the valve & falls,
and « rifes. ]

As it is the preflure of the air or atmofphere
which caufes the water to rife, and follow the
pitton or bucket G as it is drawn up; and Gnce
a column of water 33 feet high is of equal
weight with as thick a column of the atmo-
{phere, from the earth to the very top of the air;
therefore, the perpendicular height of the pifton
or bucket from the furface of the water in the
well muft always be lels than 23 feer; otherwife
the water will never get above the bucker,
But, when the height is lefs, the prefiure of the
atmoiphere will be greater than the weight of
the water in the pump, and will therefore raife
it above the bucket: and when the water has
once got above the bucket, it may be lifted
thereby to any height, if the rod D be made
long enough, and a fufficient degree of ftrength
be employed, to raife it with the weight of the
water above the bucket,

The force required to work a pump, will be
as the heighr to which the water is raifed, and
as the {quare of the diameter of the pump-bore,
in that part where the pifton works.  So that,
if two pumps be of equal heights, and one of
them be twice as wide in the bore as the other,
the wideft will raife four times as much water
as the narroweft; and will therefore require four
times as much flrength to work it.

The widenefs or narrownefs of the pump, in
any other part befides that in which the pifton
works, does not make the pump either more or
lefs difficult to work, except what difference
may arife from the friGtion of the water in the

' : bore ;
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bore; which is always greater in a narrow bore
than in a wide one, becaufe of the greater
velocity of the water,

The pump-rod is never raifed direétly by fuch
a handle as E at the top, but by means of a
lever, whofe longer arm (at the end of which
the power is applied) generally exceeds the
lengeh of the fhorter arm five or fix times; and,
by that means, it gives five or fix times as much
advantage to the power. Upon thefe principles,
it will be eafy to find the dimenfions of a pump
that fhall work with a given force, and draw
water from any given depth. But, as thefe
calculations have been generally negleted by
pump-makers (cither for want of fkill or in-
duftry) the following table was calculated by the
late ingenious Mr. Boozh for their benefit*.
In this calculation, he fuppofed the handle of
the pump to be a lever increaling the power
five times; and had often found that a man can
work a pump four inches diameter, and 30 feet
high, and difcharge 27+ gallons of water (Eng-
lith wine meafure) in 2 minate. Now, if it be
required to find the diameter of 2 pump, that
thall raife water with the fame eafe from any
other height above the furface of the well; look
for that height in the firf column, and over-
againft it in the fecond you have the diameter or
width of the pump; and in the third, you find
the quantity of water which a man of ordinary
ftrength can difcharge in a minute.

# [ have taken the liberty to make a few alterations in
M. Booth’s numbers in the table, and to lengthen it out
from 8o fest to 1C0-

14 Height
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Height of the) Diamcter of the [Water “dilchaiged 1n |
pump above | bare where the| 2 minnte, Englifh
the furface of | bucket works. wine meafure,
the well,

8

= 5 8 it
o S ) o it
o Dy 3] = w
) £ 2 B e
10 R & 6
15 5--.66 54 4
20 4 .90 Ponsivh
25 4 .38 32 6
30 4. .00 27. 1, 2
35 3 29 e
4_0 . 3 ,46 E 20 3
45 7o 18 |
50 3 .10 1653
55 2 95 - I4 72
60 2 .84- 13 5
65 2 .72 12 4
70 Z b2 11 5
75 2y %83 AP g
80 2 .45 12,2
85 2 .38 9. 5
90 2" 3k 9 1
95 9 25 8§ 5
ICO - B ) 8 1

The forcing pump raifes water through the
box H in the fame manner as the fucking-pump
does, when the plunger or pifton g is lifted
up by the rod Dd. But this plunger has no
hole through it, to let the water in the barrel
BC get above it, when 1t is depreiled to B, and
the valve 4 (which rofe: by the alcent of the

water
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water through the box  when the plunger g
was drawn up) falls down and ftops the hole in
H, the moment that the plunger is raifed to its
greateft height. Therefore, as the water be-
tween the plunger ¢ and box H can neither get
through the plunger upon its defeent, nor back
again 1010 the lower part of the pump L ¢, but
has a free paffage by the cavity around # into
the pipe M A7, which opens into the air-veflel
KK at P; the water is forced through the pipe
M M by the defcent of the plunger, and driven
into the air-veffel; and in running up through
the pipeat P, it opens the valve 2 ; which Thuts
at the mement the plunger begins to be raifed,
becaufe the'aétion of the water againft the under
fide of the valve then ceafes.

The water, being-thus forced into the air-
veflel KK by repeated ftrokes of the plunger,
gets above the lower ‘end of the pipe GHI,
and then begins to condenfe the air in the vefiel
K K. . For, as the pipe G H 1s fixed -air-tight
into the veflel below £, and the air has no way
to get out of the veflel but through tne mouth
of the pipe at 7, and cannot get out when the
mouth 1 is ‘covered with water, and 15 more
and more condenfed as the water rifes upon
the pipe, the air then begins to act forcibly by
its {pring againft the furface of the waterat H:
and this aétion drives the water up through the
pipe L H G F, from whence'it fpouts in-a jet §
to-a great heighe; and is fopplied by alternately
raifing and deprefling of the plunger g, which
conftantly forces the water that it raifes through
the valve H, along the pipe M A, into the air-
veflel K K.

The higher that the furface of the water H is
raifed in the air-veilel, the lefs fpace will the

air
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air be condenfed into,. which before filled that
veflel ;5 and therefore the force of its fpring will
be fo much the ftronger upon the water, and

will drive it with the greater force through the

Eipe at F: and as the {pring of the air cons
uinues whilft the plunger g is rifing, the ftream
or jet § will be uniform, as long as the adtion
of the plunger continues: and when the valve &
opens, to let the water follow the plunger up-
ward, the valve ¢ fhuts, to hinder the water,
which is forced into the air vefiel, from running
back by the pipe M A into the barrel of the
ump.

" If there was no air-veffel to this engine, the
pipe G H I would be joined to the pipe M M N
at P; and then, the jet § would ftop every
time the plunger is raifed, and run only when
the plunger is depreffed.

Mr. Newfbam’s warer-engine, for extinguifh-
ing fire, confifts of two forcing-pumps, which
alternately drive water into a clofe yefiel of air;
and by forcing the water into that veffel, the
air in it is thereby condenfed, and comprefles
the water fo ftrongly, that it rufhes out with
great impetuofity and force through a pipe that
comes down into it; and makes a continued
uniform ftream by the condenfation of the air
upon its furface in the vefiel.

By means of forcing-pumps, water may be
raifed to any height above the level of a river
or {pring; and machines may be contrived
to work thefe pumps, either by a running
fiream, a fall of water, or by horfes. An
inftance in each fort will be fufficient to fhew
the method, '

Firft,







PLATE XIL.

\Hmllllm

I
1}

10

I IHILlIlI!I |i?numun nnuuunn




Of Hydraulic Engines. 125

Firft, by a running fiream, or a fall of wa- Plate XII
ter. Let 4.4 be a wheel, turned by the fall Fig. 1.
of waier B B; and have any number of cranks
{fuppofe ix) as C, Ds B, F, G, H, on its axis,
according to the ftrength of the fall of water,
and the height to which the water is intended to
be raifed by the engine, As the wheel turns
round; thele cranks move the leversc, d, ¢, f, 8,5 A pump
up and down, by the iron rods 7, &, lym, #, 03 EDgLne to
which alternately raife and deprefs the piftons by 52
the other iron rods p, g, 75 fy £ %, Wy ¥, 3, 1N
twelve pumps; nine whereof, as L, M, N, O, P,

&, R, S, T, appear in the plate; the other three
being hid behind the work at 7. And as pipes
may go from all thefe pumps, to convey the
water (drawn up by them to a {fmall height) into
a clofe ciftern, from which the main pipe goes
off, the water will be forced into this ciftern
by the defcent of the piftons. And as each
pipe, going from its refpective pump into the
ciftern, has a valve at its end in the ciftern,
thefe valves will hinder the return of the water
by the pipes; and therefore, when the ciftern
is once full, each pifton upon its defcent will
force the water (conveyed into the ciftern by a
former ftroke) up the main pipe, to the
height the engine was intended to raife it:
which height depends upon the quantity raifed, -
and the power that turns the wheel. When
the power upon. the wheel is leffened by any
defect of the quantity of water turning it, a
proportionable number of the pumps may be

fer aflide, by difengaging their rods from the
vibrating levers.

This figure s a reprefentation of ‘the engine
erected at Blenbeim for the Duke of Marlborough,
by the late ingenious Mr. dderfea. The water-

1 wheel
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wheel is' 7% feet in diameter, according to M,
Switzer’s account in his Hydraulics. -
When fuch a machine is placed in a ftream
that runs upon a {mall declivity, the motion of
the levers and a&ion of the pumps will be but
flow ; fince the wheel muit go once round for
each ftroke of the pumps. But, when there isa
large body of flow running water, a cog orfpur-
wheel ‘may be placed upon each fide of the
water-wheel .44, upon its axis, to turn a trundle
upon each fide; the cranks being upon the axis
of the trundle. And by proportioning the cog-
wheels to the trundles, the motion of the pumps
may: be made quicker, according to the quantity
and ftrength of the water upon the firft wheel;
which may be as great as the workman pleafes ;
according to the length and breadch of the float-
boards or wings of the wheel. In this manner,
the engine for raifing water at London-Bride is

conftruéted ; in which, the water-wheel is 20 -

feet diameter, and the floats 14 feet long.
Where a ftream or fall of water cannot be had,
and gentlemen want to have water raifed, and
brought to their houfes from a rivulet or fpring;
this may be effeted by a harfe-engine, working
three forcing pumps which ftand in 2 refervoir
filled by the fpring or rivulet: the piftons being
moved upand down in the pumps by means of a
triple crank 4B C, which, as it is turned round
by the trundle G, raifes and depreffes the rods

D,E,F. The trundle may be turned by fuch a.

wheel as F'in Fig. 1. of Plate VIII, having levers
25y.sy, on its upright axle, to which horfes may
be joined for working the engine. And if the
wheel has three times as many cogs as the
trundle has ftaves or rounds, the trundle and
cranks will make three revolutions for every ane
of
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of the wheel: and as each crank will fetch a
firoke in the time it goes round, the three cranks
will make nine ftrokes for every turn of the great
wheel.

The cranks {hould be made of caft iron, be-
caufe that will not bend and they fhould each
make an angle of 120 with both of the others,
as at a,b,c; which is (as it were) a view of their plaee x11,
radit, in looking endwife at the axis : -and then Fig. 2.
there will be always one or other of them going
downward, which will pufh the water forward
with a continued ftream into the main pipe.
For, when & is almoft at its loweft pofiion, and
is therefore juft beginning to lofe its action upon
the piften which it moves, ¢ is beginning to move
downward, which will by its pifton continue the
propclling force upon the water: and when ¢is
come down to the pofition of 4, ¢ will be in the
pofition of ¢.

The more perpendicularly the pifton rods
move up and down in the pumps, the freer and
better will their ftrokes be: bur a little devia-
tion from the perpendicular will not be material.
Therefore, when the pump-rods D, E, and F
go down into a deep well, they may be moved
direétly by the cranks, as is done in a very good
horfe-engine of this fort at the late Sir Fames
Creed’s at Greenwich, which forces up water about
64 feet from a well under ground, to a refervoir
on the top of his houfe. But when the cranks
are only at a fmall height above the pumps, the
piftons muft be moved by vibrating levers, as in
the above engine at Blenbeim : and the longer
the levers are, the nearer will the firokes be to
a perpendicular.

Ler us fuppofe, that in fuch an engine as Sir A calco-
Fames Creed’s, the great wheel is 12 feet diame- lvion of

ter, the trundle 4 feet, and the radius or length L;;; R
of
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water that Of each crank 9 inches, Working a piﬁon in its

may be

pump. Let ther be three pumps in all, and the

'aLfedrbY bore of each pump be four inches diameter.
a horie-

engine,

Then, if the great wheel has three times as many
cogs as the trundle has ftaves, the trundle and
cranks will go three times round for each revo-
lution of the horfes and wheel; and the three
cranks will make nine ftrokes of the pumps in
that time, each ftroke being 18 inches (or double
the length of the crank) in a four-inch bore. Let
the diameter of the horfe-walk be 18 feet, and
the perpendicular height to which the water is
raifed above the furface of the well be 64 feet,

~ If the horfes go at the rate of two miles an
hour (which is very moderate walking) they will
turn the great wheel 187 times round in an
hour. ‘

In each turn of the wheel the piftons make g
ftrokes in the pumps, which amount to 1683 in
an hour.

Each ftroke raifes a column of water 18 inches
long, and four inches thick, in the pump-bar-
rels ; which column, upon the defcent of the
pifton, 1s forced into the main pipe, whofe per-
pendicular altitude above the furface of the well
18 G feet,

Now, fince a column of water 18 inches long;
and 4 inches thick, contains 226,18 cubic inches,
this nun ber multiphed by 1683 (the ftrokes in
an hour gi s 380061 for the number of cubi¢
inches of water raifed in an hour.

A galion, in wine meafure, contains 231 cubic
inches, by which divide 380661, and it quotes
1458 in round numbers, for the number of gal-
lons raifed in an hour; which, divided by 63,
gives 262 hogfheads. —If the horfes go fafter,
the quaniity raifed will be fo. much the greater.

In this calculation it is fuppofed that no water

is
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is wafted by the engine. But as no forcing
engine can be fuppofed to lofe lefs than a fifch
part of the calculated quantity of water, between
the piftons and barrels, and by the opening and
fhutting of the valves, the hotfes ought to walk
almoft 2% miles per hour, to fetch up this lofs,

A column of water 4 inches thick, and 64
feet high, weighs 349-% pounds avoirdupoile, or
424> poundstroy; and thisweight together with
the friction of the engine, is the refiftance that
muft be overcome by the ftrength of the horfes.

The herfe-tackle fhould be io contrived, that
the horfes may rather pufh on than drag the
levers after them. For if they draw, in going
round the walk, the outfide leather ftraps will
rub againit their fides and hams; which will
hinder them from drawing at right angles to the
levers, and fo make them pull at a difadvancage.
But if they puth the levers before their breafts,
inftead of dragging them, they can always walk
at right angles to thefe levers.

It is no ways material what the diameter of
the main or conduét pipe be: for the whole
refiftance of the water therein, againit the horfes
will be according to the height to which it is
raifed, and the diamerter of that part of the pump
in which the pifton works, as we have already
obferved. 8o that by the fame pump, dn equal
quantity of water may be raifed in (and confe-
quently made to run from) a pipe of a foot dia-
meter, With the fame eafe as in a pipe of five or
fix inches : or.rather with more eafe, becaufe its
velocity in a large pipe will be lefs than in a
fmall one ; and therefore its friction againft the
fides of the pipe will be lefs alfo.

And the force required to raife water'depends
not upon the length of the pipe, but upon the
perpendicular height to which it is raifed therein

' above
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above the level of the {pring, - So that the famé
forces which would raife water to the height 4 B
in the upright pipe 4i k {mn op ¢ B, will raife ic
to the fame height or level B J H in the oblique
pipe A EFGH. For the preflure of the water at
the end A of the latter, is no more that its prei-
fure againft the end 4 of the former.

The weight or preflure of water at the lower
end of the pipe, is always as the fine of the
angle to which the pipe is elevated above the
level parallel to the horizon. For, although the
water in the upright pipe 4 B would require a
force applicd immediately to the lower end A4
equal to the weight of all the water in it, to fup-
port the water, and a lictle more to drive it up,
and out of the pipes yet, if chat pipe be inclined
from its upright pofition to an angle of 8o de-
grees (as in 4 §o) the force required to fupport
or to raife the fame cylinder of water will then
be as much lefs, as the fine 8o A is lefs than the
radius 4 B or as the fine of 8o degrees is lefs
than the fine of go. - And fo, decreafing as the
fine of the angle of elevation leflens, until it ar=
rives at its level ZC or place of reft, where the
force of the water is nothing at either end of the
pipe. For, although the abfolute weight of the
water is the fame in all politions, yet its pref-
fure at the lower end decreafes, as the fine of the
angle of elevation decreaies; as will appear plain-
ly by a farther confideration of the figure.

Let two pipes, 4 B and AC, of equal lengths
and bores, join each other at 4; and let the
pipe 4B be divided into 100 equal parts, as
the fcale § is; whofe length i1s equal to the
length of the pipe.—~Upon this length, as a
radius, defcribe the quadrant BC D, and divide
it into o equal parts or-degrees.

Let the pipe 4 C be elevated to 10 degrees
upon
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upon the quadrant, and filled with water s
then, part of the water that is in it will rife in
the pipe 4B, and if it be kept full of water, it
will raife the water in the pipe 48 from Atois
that is, to a level 7 10 with the mouth of the
pipe at ro: and the upright line 2z 10, equal to
As, will be the fine of 10 degrees clevation ;
which being meafured upon the fcale S, will be
about 17.4 of fuch parts as the pipe contains
100 in length: and therefore, the force or pref-
fure of the water at 4, in the pipe 4 10, will
be to the force or preflure at 4 in the pipe
AB, as 17.4 tO 100,

Let the fame pipe be elevated to 20 degrees
in the quadrant, and if it be kept full of water,
part of that water will run into the pipe A4 B,
and rife therein to the height 4%, which js
equal to the length of the upright line 4 20, or
to the fine of 20 degrees elevation ; which, be-
ing meafured upon the fcale S, will be 24.2 of
fuch parts as the pipe contains 100 in length.
And therefore, the preflure of the water at .4,
in the full pipe 4 20, will be to its preflure, if
that pipe were raifed to the perpendicular firua-
tion A4 B, as 34.2 to 100,

Elevate the pipe to the pofition £ 30 on the
quadrant, and if it be fupplied with water, the
water will rife from it, into the pipe A B, to
the height 4/ or to the fame level with the
mouth of the pipe at 30, The fine of this ele-
vation, or of the angle of 20 degrees, is ¢ 303
which is juft equal to half the length'of the pipe,
or to 50 of fuch pars of che feale, as the length
of the pipe contains 1co. Therefore, the pref-
lure of the ‘water at 4, in a pipe elevated 30
degrees above the horizonral level, will be equal
to one half of what it would be, if the fame
pipe ftood upright in the fituation 4 B,

K And
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And thus, by elevating the pipe to 40, 30,
6o, 40, and 8o degrees on the quadrant, the
fines of thefe elevations will be 4 40, ¢ 50, f 60,
g 70, and b 8o; which will be equal to the
heights /fm, 14}3: /fﬂ, AP; and A@' and thefe

Sineof | Parts || Sineof | Parts |} Sineof | Pars
D.1 17 ||D.32 | 515 ([D.61 | 875 |
2 35 32 | 530 62 | 883
3| 52 33 | 545 || 63 | 891
4| 70 34 | 559 64 | 899

5| 87 35 | 573 || €5 | 906 |
6 | 104 36 | 588 || 66| 913
7| 122 37 | 602 || 67 | 920
8 | 139 38 | 616 || 68 | 927
9 | 156 (| 39 | 629 | 69 | 934
10| 174 || 40 | 643 || 70| 940
1x | 19z || 41 | 656 [} 71} 945
12 | 208 42 | 669 72 | 951
13 | 225 || 43 | 682 || 73 [ 956
14 | 242 44 | 695 || 74 | 961
15| 259 || 45 | 797 ]| 75 | 966
16 | 276 46 | 719 76 | g0
L7 | 292 47 | 731 77. 1 994
18 | 309 48 | 743 || 78 | 978
19 | 325 49 | 755 || 79 | 982
20 | 342 50 | 706 8o | ¢85
at | 358 || 5 | 777 || 81 | 988
22 { 375 52 | 768 82 | 990
23 | 391 || 53 | 799 || 83 ] 992
24 | 407 54 | 809 || 84 | 994
a5 | 423 || 55 | 819 || 85 | 990
26 | 438 56 | 829 8o | 997
27 | 454 || 57 | 839 | 87| 998
z8 | 469 58 | 848 %8 999
29.| 485 59 | 857 || ©97|1000
{ 30| 500 6o | 866 ] 90 | 1000




Of Hydraulic Engines.

heights meafured vpon the feale § will be
64—-35 76.6, 86-6:\ 94-0,' and 98.5 5 which
exprefs the preflures at .7 in all thefe elevations,
confidering the preflure in the upright pipe 4 2
as 100,

Becaufe it may be of ufe to have the lengths
of all the fines of a quadrant from o degrees
to 9o, we have given the foregoing table, fhews
ing the length of the fine of every degree in
fuch parts as the whole pipe (equal to the radius
of the quadrant) contains 1000, Then the fines
will be integral or whole parts in length. But
if you fuppofe the length of the pipe to be di-
vided enly’ into 100 equal parts;, the laft figure
of each part or fine mult be cur off as a decimal;
and then thofe which remain at the left hang
of this feparation will be integral or whole
parts.

Thus, if the radius of the quadrant (fup-
poled to be equal to the length of the pipe 4C)
be divided into 1000 equal parts, and the ele-
vation be 45 degrees, the fine of that elevation
will be equal to 70y of thefe parts: but if the
radius be divided only into roo equal parts, the
fame fine will be only 70.7 or 70.% of thefe
parts. For, as 1000 is to 0%, 0 is 100 to
70i7: 1

As it is of great importance to all engine-
makers, to know what quantity and weight of
water Will be contained in an upright. round
pipe of a given diameter and height ; fo as by
knowing what weight is to be raifed, they may
proportion their ¢ngines to the force which
they can afford to work themy we fhall fubjoin
tables thewing the number of cubic inches of
water contained in an upright pipe of a round
bore, of any diameter from one inch to fix and

K2 a half;
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Of Hydraulic Engines.

a half; and of any height from one foot to two
bundred : together with the weight of the faid
number of cubic inches, both in troy and avoir-
dupoife ounces. The number of cubic inches
divided by 231, will reduce the water to gal-
lons in wine meafure; and divided by 282, will
reduce it to the meafure of ale gallons. Alfo, -
the troy ounces divided by 12, will reduce the
weight to troy pounds; and the avoirdupoife
ounces divided by 16, will reduce the weight
to avoirdupoife pounds.

And here I muft repeat it again, that the
weight or preflure of the water atting againft
the power that works the engine, mull always
be eftimated according to the perpendicular
height to which it is to be raifed, without any
regard to the length of the conduct-pipe, when
it has an oblique pofition ; and as if the diame-
~ ter of that pipe were juft equal to the diameter
of that part of the pump in which the pifton
works. Thus, by the following tables, the
preffure of the water, againft an engine whofe
pump is of a 4% inch bore, and the perpendi-
cular height of the water in the conduct-pipe is
8o feet, will be equal to 8057.5 troy ounces,
and to $848.2 avoirdupoife ounces; which
m:}kcs 671.4 troy pounds, and 553 avoirdu-
pole.

For any bore whole diameter exceeds 6
inches, multiply the numbers on the following
page, agzinft any height, (belonging to 1 inch
diameter) by the fquare of the diameter of the
aiven bore, and the products will be the num-
ber of cubic inches, troy ounces, and avoirdu-
poife ounces of water, that the given bore will
contain.

1 Inch




Hydroftatical Tables.

1 Inch diameter.

51 Quant.ity _VVeight In avoir-
= in cubic n troy dupoife
0 inches. Qunces. ounces,
o .
I 9.42 4-97 5:46
2 11.85 9-95 10.92
3 28,27 14.92 16.38
4 3770 19.89 21.85
_.i 47.12 24.87 27.31
6 5655 29841 3094
7| 6597 | 34821 3823
8 55,40 39-79 43.69
9 84.82 44.76 49.16
o) 9325)| 4974| 54.62
20 | 188.49 99.48 | 10g.24
30 | 282.74 | 149.2t | 163.86
40 | 376.99 | 198.95 | 218.47
50 | 471.24 | 243.69 | 273.09
6o 565.49 298.43 32771
70| 659.73 | 348.17 | 382.23
8o | 753.98 | 397.90 | 436.95
90 | 848.23 | 447.64 | 451.57
100 | 942.48 | 497.38 | 540.19
200 | 1884.96 | 994.96 | 1092.38

EXAM_PLE, Required the number of eubic inches, and the
aveight of the <vater, in an upright pipe 278 feet high, and

v fnch diameter 2

Here the neareft fingle
decimal figure is only
taken into the account :
and the whole being re-
duced by divifion, 2-
mounts to 254 wine gal-

Cubic Troy Avoird.

Feet inches oz, oz,
200-=4241.1 -2238.2--2457.8
70--1484.4~- 783.3-- 8.2
8-- 109.6-- 8g5-- 98,3

lons in meafure; to 2597 |Anf. 278+ §895.1--2111,0--3416.3

pounds troy, and to 2135
pounds avoirdupoife,

K 3 Thefe
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Hydroftatical Tables.

i+ Inch diameter.

o' | Quantity | Weight | Inavoir-
= | in cubic |in troy dupoile
g’ | inches. | ounces. ounces.
1 2121 119 12,29
2 42.41 22.38 24.58
31| 63z 3g.57.1 3687
4 84.82 44:76 49.16
5| 106.03 55:95 61.45
6| E27.23 67.15 73.73
7. 147:44 78.24 86.02
8 | 169.65 89.53 98.31
9 190.85 100.72 110.60

10| 212.06 | 11rigr |- 122.89

20 | 424.12 | 223.82 | 24598
3o | 636.17 | 33573 | 368.68
40 | 84823 | 44764 | 491.57
50 | 1060.29 | 559.55 | 614.46
60 | 1272.35 | 67146 | 937.35

70 | 1484.40 | 783.37 | 860.24
80 | 1696.46 8g95.28 983.14
go | 19c8.52 | 1007.19 | 1106.03
100 | 2120.58 | 1119.10 1228.92

200 | 4241.15 | 2238.20 | 2457.84

Thefe tables were at firft calculated to fix
decimal places for the fake of exaétnefs ; but
in tranfcribing them there are no more than
two decimal figures taken into the account, and
fometimes but one; becaufe there is no neceffity

for




Hydroftatical Tables,

» Inches diameter.
'l'? Q_L_mnl:ity‘ Wﬂlght In avoir-
g_ in cubic | in troy dupoife
dga’ | inches. ounces. | ounces,
i
37.70 19.89 21.85
2 7540 3979 | 43:69
g 113.10 59.68 6554
4| 15080 79.58 §7.39
5 188.50 99.47 109.24
6| 22619 | 119.37 | 131.08
7| 263.89 | 13926 | 152.93
8 301.59 159.16 174.78
9 339.29 179.06 196.63
10| 376.99 | 198.95( 218.47
20 | 753:98 | 397.90 | 436.95
g0 | ¥130.97 | 596.85 | ©655.42
40 | 1507.97 | 795.80 | 873.90
50 | 1884.96 | '994.75 | 1092.37
¢o | 2261.95 | 1193.70 | 1310.85
70 { 2638.94 | 1392.65 | 1529.32
8o | 3015.93 | 159560 | 1747.80
go | 3392.92 | 1740.56 | 1966.27
100 | 3769.91 | 1980.5¢ | 2184.95
200 | 7539-82 | 3979.00 | 4369.50

137

for computing to hundredth parts of an inch or
of an ounce in practice. And as they never
appeared in print before, it'may not be amifs
to give the reader an account of the principles
upon which they were conftrulted.

K 4 The




Hydrofiatical Tables,

2+ Inches diameter.

S? Quantity | Weight In avoir-
= | in cubic | in troy | dupoife
@ inches, | ounces. | ounces.
1 58.90 31.08 24.14
2 117.81 62.17 68.27
3| 17621 93.26 | 10241
4| 23562 | 124.34 | 136,55
5| 294.52 | 155.43 | 170.68
6 353:43 186.52 204.82
7| 412.33 | 217.60 | 238.96
§ | 4y1.24 | 248.69 | 273.09
911 53004, 13 270,204 39723
10| 58g.05 | 310.86 | 341.37
20 | 1178.¥v0 | 621.72 | 682.73
30 | 1767.15 | 932.58 | 1024.10
40 | 2356.20 | 1243.44 | 1365.47
50 | 2545.25 | 1554.30 | 1706.83
60 | 3534.29 | 1865.16 | 2048.20
20 | 4123.34 | 2176.02 | 2389.57
8o | 4712.39 | 2486.88 | 2730.94
901 530144 | 2707.74. 1 3072.30
100 | 5890.49 | 3108.60 | 2413.67
200 |11780.98 | 6217,20 4827.34

The folidity of cylinders are found by mul-
tiplying the areas of their bafes by their alti-
tudes, And ArcuiMepes gives the following
proportion for finding the area of a circle, and
the folidity of a cylinder raifed upon that circle;

As




Hydroftatical Tables.

3 Inches diameter.

':rf Quantity | Weight | In avoir-
Z |in cublc | in troy dupoife
ga | inches, ounces. ounces,
T
I 84.8 44476 49.16
2 169.6 89.53 98.31
3 2545 | 134-29 | 14747
4 239.3 | 179.06 | 196:63
5| 4241 | 22382 | 24578
6 508.9 | 268.58 | 294.94
e 593.7 | 31335 | 344.10
8 698.6 358,11 393.25
9 763.4 | 402.87 | 442.41
ro | 8482 | 447.64 | 491.57

20 | 16g96.5 | 895.28 | 983.14
30 | 2544.7 | 1342.92 | §1474.70
40 | 3392.9 | 1790.56 | 1966.27
50 | 4241.1 | 2238.19 | 2457.84
60 |  5089.4 | 2685.83 | 2949:41
70 | 5937.6 | 3133.47 | 3440.98
8o | 6785.8 | 3581.11 | 3932.55
9o | 7634.1 | 4028.75 | 442412
100 | 8482.3 | 4476.39 | 4915.68
200 | 16964.6 | 8952.78 | 9831.36

As 1 18 10 0.785399, {0 is the fquare of the
diameter to the area of the circle. And as 1 is
to 0.785399 fo is the fquare of the diameter
multiplied by the height to the folidity of the
gylinder. By this analogy the folid inches and

paris
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Hydroftatical Tables,

3+ Inches diameter.
] 5 :
& | Quantity { Weight | In avoir-
o {in cubic | in troy < | dupoife
63, | inches, ounces. | ounces.
;_T‘
&k 1i5.4 60.9 66.9
2 230.9 121.8 133.8
3 246.4 182.8 200.7
4 461.8 243.7 267.6
5| 5773 | 30461 334.5
6 692.7 365.6 40%.4
7 §08.2 426.5 468.4
81 9236 4874} 5353
g 1039.1 548.4 602 .2
10 11545 609.3 669.1
20 | 2300.1 1218.6 | 1238.2
30 | 3463.6 | 1827.9 | 20072
40 | 4618.1 24374 | 267%6.3
50 | 5772:7 | 3046.4 | 33454
6o | 69272 | 36557 | 40445
70 | 8081.8 | 42650 | 4683.6
80 | 9236,3 | 4874.3 | 53526
9o | 10390.8 5483.6 6021.7
100 | 11545.4 | 6092.9 6690.8
200 | 23090.7 | 12185.7 | 13381.5

parts of an inch in the tables are calculated to 2
cylinder 200 feet high, of any diameter from 1
inch to 6, and may be continued at pleafure.
And as to the weight of a cubic foot of running
water, it has been often found vpon trial, by

Dr.




Bydroftatical Tables. I4r
4 Inches diameter.
p? Quantity | Weight | In avoir-
o | in cubic | in troy dupoife
¢a | inches. |ounces. ounces
. !
1] 1508 29.6 87.4
2 301.6 159.2 174.8
3 4524 238.7 262.2
4 £03.2 218.3 349.6
51 7540 39791 4369
61 9048 47731 5243
7.] 10556 557.1 611.7
8 1206.4 636.6 699.1
9 13572 y16.2 786.5
10 1508.01 79581 8739
20 | 31159 15916 | 1747.8
30 | 4523.9 2387.4 2621.7
40 | 6ozr.g | 3E83.2 | 34056
50 | 75398 | 39970 | 4369.5
60 | 9o47.8 | 47748 | 5243.4
70 | 105558 | 5570.6 | 6117.3
8o | 12063, 6366.4 | 6991.2
go | 13574.9 | 7162.2 | %865.1
100 |} 15079.7 | 7958.0 | 8739.0
200 | 30159.2 | 15916.0 | 17478.0
Dr. Wyberd and others, to be 76 pounds
troy, which is equal to 62.5 pounds avoirdu- The

poife. Therefore, fince there are 1728 cubic weight of

inches in a cubic foot, a troy ounce of water runcing

contains 1.8949 cubic inch; and an avoirdupoife W&
ounce




Hydroflatical Tables.

4+ Inches diameter.
ey 3
& | Quantity | Weight | In avoir-
"o« | in cubic | introy | dupoife
oz | inches. | ounces. | ounces.
?“ "
I 190.8 1007 110.6
2 281.7 201.4 221.2
3 5726 302.2 331.8
4| 7634 | 4029 4424
5| 9543 503.6 | 553.0
6| 11451 604.3 663.6
71 13380 | 7050 774.2
8 | 1526.8 805.7 §84.8
9| 17177 | 9965 |  995.4
10| 1908.5 | 1007.2 1100.0
20 | 3817.0 | 2014.4 | 22I2.1
30 | 5725.6 | 3021.6 | 3818.1
40 | 7634.1 4028.7 | 4424.1
50 | 9542.6 | 35035.9 | 5530.1
60 | 11451.1 | 6043.1 | 6636.2
70 | 13359.6 | 7050.3 | 7742.2
80 | 15268.2 8057.5 8848.2
go | 17176.7 | 9064.7 | 9954.3
100 | 19085.2 | 10071.9 | 11060.3
200 | 381704 | 20143.8 | 22120.6 ]

ounce of water 1.42556 cubic inch. Confe- |
quently, if the number of cubic inches con-
tained in any given cylinder, be divided by
1.8949, it will give the weight in troy ounces;
and divided by 1.72556, will give the weight

in




Hydroftatical Tables. 143

5 Inches diameter.
;f Quantity | Weight | Inavoir-
< | in cubic | In troy dupoife
ga. | inches. | ounces. | ounces,
e
B 235.6 1243 136.5
2 471.2 248.7 2731
3 706.6 373.0 409.6
4| 942.5| 4974 | 5402
5| 1178.1 621.7 682.7
6| 1413.7 746.1 819.3
7 | 1649.3 870.4 955.8
8 1885.0 994.8 1092.4
g | 21206 | T119.X 1228.9
10| 2350.2 | 1243.4 | 13655
20 | 4712.4 | 2486.9 | 27309
30 | 7068.6 | 3730.3 | 4096.4
40 | 9424.8 | 4973.8 | 54619
50 | 11780.0 | 6217.2 | 6827.3
60 | 14137.2 | 7460.6  8192.8
70 | 16493.4 | 87041 9558.3
8o | 18849.6 | 9947.5 | 10923.7
9o | 21205.8 | 11191.0 | 12289.2
100 | 23562.0 | 12434.4 | 13654.7
200 | 47124.0 | 24868.8 | 27309.3

in avoirdupoife ounces. By this method, the
weights fhewn in the tables were calculated ;
and are near enough for any common practice.
The fire-engine COMES NEXT In order to be €x- The fre-
plained ; but as it would be difficule, even by engine.
the
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5+ Inches diameter.

Quantity | Weight | Inavoirs
in cubic | introy | dupoife
inches. ounces.’ | ounces.
285.¥ 140.5 164.3
570.2 300.9 328.5
855.3 451.4 492.8
1140.4 6or.8 657-1
1425.5 752.3 82r1.3
1710.6 902.7 985.6
1995+7 | 1053.2 |' - 114G.9
2280.8 | 12036 | 1314.2
2565.9 | 13541 1478.4
28510 | 1504.6 1642.7
5%702.0 || 3000.1 3285.4
$553.0 | 4513.7 | 4928.1
11404.0 | 6018.2 6570.8
14255.0 | 7522.8 [ 82135
17106.0 | 9027.4 | 9856.2
19957.0 | 1053F.9 | 114g8.9
22808.0 | 12036.5 | 13141.6
25656.0 | 13541.T | 14784.3
28510.0 | 15045.6 | 16426.9
57020.0 | 20001.2 | 32853.9

of its feveral

the beft plates, te give a particular defeription
parts, fo as to make the whole
intelligible, I fhiall only explain the principles
upon which it is conftruted.

1. What-
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6 Inches diameter,

;? Quantity § Weight | Inavoir-
= | incubic | intoy | dupoife
ga. | inches. | ounces. | ounces,
i 339-3 170.1 196.6
2 678.6 358.1 393-3
3| 1ot7.9 | 5372 | 589.9
4 1357.2 ‘ 716.2 7865
5| 1696.5 | 8953 | 983.
6| 20357 | 1074.3 | 1179.8
7| 237501 1253.4 | 1376.4
8| 27i4.3| 1432.4 | 1573.0
9 3053.6 1611.5 1769.6
10 3392.9 1790.6 1966.3
20 | 6785.8 | 3581r.1| 3932.5
70 | 10178.8 5371.7 5898.8
40 | 135717 | 71622 | 78051
5o | 16964.6 | 8952.8 | 9831.4
6o | 20357.5 | 10743.3 | 11797.6
70 | 23750-5 | 12533.9 | 13763.9
8o | 27143.4 | 143244 | 15730.2
9o | 30536.3 | 16115.0 | 17696.5
100 | 33929.2 | 17905.6 | 19602.7
200 | 67858.4 | 35811.2 | 39325.4

1. Whatever weight of water is to be raifed,
the pump-rod muft be loaded with weights fiFe
ficient for that purpofe, if it be done by a
forcing-pump, as is generally the cafe; and the

power

L5




Hydroftatical Tables.

6; Inches diameter.

,E? Quantity | Weight | Inavoir-
5= | in cubic | in troy | dupoife
62. | inches. | ounces. | ounces.
I 398.2 210.1 230.7

2 7974 420.3 461.4
3| 1195.6 630.4 692.1
4| 1593.8 §40.6 922.8
5 1991.9 1050.8 1153.6

6 | 2390.1 | 1260.9 | 13%4.3

71 2788.3 | 1471.1 | 1615.0

8| 3186.5 | 1681.2 1845.7
9| 3584.7 | 1891.3 | 2076.4
10 3982.9 210L.5 2307.1
20 | 79658 | 4202.9 | 4614.3
30 | 11948.8 | 6304.4 | 6921.4
40 | 15931.7 | 8405.9 | 9228.6
50 | 19914.6 | 10507.4 | 115357
60 | 23897.9 | 12608.9 | 13842.9
70 | 27880.5 | 14710.4 | 16150.0
80 | 31863.4 | 16811.8 | 18457.2
90 | 35846.3 | 18913.3 | 20764.3
100 | 39829.3 | 21014.8 2307145
200 | 79658.6 | 42029.6 | 46143.0

power of the engine muft be {ufficient for the
weight of the rod, in order to bring it up.

2. It is known, that the atmoiphere preflis
upon the furface of the earth with a force equal
o 15 pounds upon every fquare inch.

3. When
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3.+ When water is heated to a certain deoree,
the particles thereof repel enc another, and con-
ftitute an elaftic Auid, which is gencrally called

Sfeam or vapout. ‘

4 Hot fteam is very elaftic ;5 and when ir is
cooled by any means, particularly by its being
nixed with cold water, its elafticity 1s deftroyed
immediately, and is is reduced to water again,

5. If a veficl be filled with Lot fteam, and
then clofed, fo as to keep out the external air,
and all other fluids; when that fteam is by any
means condenfed, cooled, or reduced to water,
that water will fall to the bottom of the veflels
and the cavity of the veflel will be almoft a per-
fect vacuum,

6. Whenever a vacuum is made in any veflel,
the air by its weight will endeavour to rufl: into
the veflel, or to drive in any other body that
will give way to its preflire ; as may be eafily
feen by a common fyringe. For, if you ftop
the bottom of a {yringe, and then draw up ths
pifton, if it be fo tight as to drive out all the
air before i, and leave a vacuum within the
{yringe, the pifion being let go will be driven
down with a great force.

7. The force with which the pifton is driven
down, when there 1s a vacuum under it, will be
as the fquare of the diameter of the bore in the
i‘)-'r'ing_c. That is to fay, it will be driven down
with four times as much force in a fyringe of a
two-inch bore, as in a fyringe of one inch : for
the areas of circles are always as the fquares of
their diameters.

8, The preflure of the atmofphere being
equal to 15 pounds upon' a {quare inch, it
will be almoft equal to 12 pounds upon a cir-
cular inch. So that ithhe bore of the fyringe

be
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Of Hydrauvlic Engines.

be round, and one inch in diameter, the pifton.
will be preft down into it by a force nearly equal
to 12 pounds: but if the bore be two inches
diameter, the pifton will be preft down with
four times that force.

And hence it is eafy to find with what force
the atmofphere prefies upon any given number
cither of fquare or circular inches.

Thefe being the principles upon which this
engine is conftrutted, we {hall next defcribe the
chief working parts of it: which are, 1. A
boiler. 2. A cylinder and pifton. 3. A beam
or lever.

The Joiler 15 a large veflel made of iron or
copper; and commonly fo big as to contain
about 2000 gallons.

The cylinder is about 4o inches diameter,
bored fo fmoeth, and its leathered pifton fitting
fo clofe, that little or no water can get between
the pifton and fides of the cylinder.

Things being thus prepared, the cylinder is
placed vpright, and the fhank of the pifton is
fixed to one end of the deam, which turns on a

center like a common balance.
" The boiler is placed under the cylinder, with
a communication berween them, which can be
opened and fhut occafionally.

The boiler is filled about half full of water,
and a ftrong fire is placed under 1t: then, if the
communication between the boiler and the cy-
linder be opened, the cylinder will be filled with
hot {team ; which would drive the pifton quite
out at the top of it. But there is a contrivance
by which the beam, when the pifton is near the
top of the cylinder, fhuts the communication at

the top of the boiler within.
This
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This is no fooner thot, than another is opened
by which a little cold water is thrown upwards
in a jet into the cylinqer? which mrxing with the
hot fteam, conden_f:‘:‘s it 11::xz}uec}iate]y ; by which
means a yacuum 1s made 10 the cylinder, and
the pifion is prefied down by the weight of the
atmofphere ; and io lifts up the loaded pump.
rod at the other end of the beam.

If the cylinder be 42 inches in diameter, the
pifton will be prefled down with a force greater
than 20000 pounds, and will confequently life
up that weight at the oppofite end of the beam:
and as the pump-rod with its plunger is fixed
to that ¢nd, if the bore where the plusger works
were 10 inches diameter, the warer would be
forced up through a pipe of 180 yards perpen-
dicular height,

But, as the parts of this engine have a good
deal of {rition, and muft work with a confi-
derable velocity, and there is no fuch thing as
making a perfet vacoum in the cylinder, it is
found that no more than 8 pounds of prefiure
mult be allowed for, on every circular inch of
the pifton in the cylinder, that it may make
about 16 ftrokes in a minute, about 6 feet
each.

Where the boiler is very large, the pifton
will make between 20 and 25 firokes in a2 mi-
nute, and each flroke 7 or 8 feer; which, in a
pump of g inches bore, will raife upwards of
300 hogfheads of water in an hour.

It is found by experience that a cylinder, 40
inches diameter, will work a pump 10 inches
diameter, and 100 yards long: and hence we
can find the diameter and length of a pump,
that can be worked by any other ¢ylinder,

L, 2 For
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For the convenience of thofe who would
make ufe of this engine for raifing water, we
fhall fubjoin part of a table calculated by Mr.
Beighton, thewing how any given quantity of
water may be railed in an hour, from 48 to 440
hogtheads ; at any given depth, from 15 to
100 yards; the machine working at the rate
of 16 ftrokes per minute, and each ftroke being
6 feet l.m

One e*{amp]e of the ufe of this table will
make the whole plain. Suppofe it were reqmred
to draw 150 hogfheads pz; hour, at go yards
depth; in the fecond column from the right
h'u.u, I find the nearelt nuniber, viz. 1 49 hog of-
he.;ua 40 gallons, apainft which, on the nuht
hand, I ﬁnd the dL meter of the bore of the pump
muft be 7 inches; and in the fame coilateral line,
under the given depth go, I find 27 inches, the
diameter of the cylinder fiv for that purpofe.—
And fo for any other.

A Table
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Of Hydraulic Engines.

PlaeXIIT,  Water may be raifed by means of a flream
‘The Per- 4 B turning a wheel C D E, according to the
fian 2 :

whesl,

order of the letters, with buckerts 4, 4, 4, a, &¢.
hung upon the wheel by firong pins &, 4, 4, 8,
&c. fixed in the ide of the rim: but the whezl
muft be made as high 4s the water is inteaded
to be raifed above the level of that parc of the
ftream in which the wheel is placed. As the
wheel turns, the buckets on the righs-hand go
down into the water, and are filled therewith, and
go up full on the left-hand, until they come to
the top a2t K5 where they ttrike againft the end
# of the fixed trough A4, and are thereby over-
fer, and empty the water into the trough 3 from
which it may be conveyed in pipes to the place
which it is defigned for: and zs each bucket
gets over the trough, it falls into a perpendi.
cular pofition again, and goes down empty.
until it comes to the water at 4, where it is
filled as before. On each bucket is a fpring =,
which going over the top or crown of the bar
(fixed to the trough A1) raifes the bottom of the
bucket above the level of its mouth, and fo
caufes it to empty all its water into the trough,
Sometimes this wheel is made to raife water
no higher than its axle; and then, inftead of
buckets hung upen it, its {pokes C, 4, ¢, f, 7, b,
are made of a bent form, and hollow within ;
thefe hollows opening into the holes C, D, E, F,
in the outfide of the wheel, and alfo into thofe
at O in the box NN upon the axle, So that, as
the holes C, D, &c. dip into the water, it runs
into them ; and as the wheel turns, the water
rifes in the hollow fpokes, ¢, 4, &c. and runs
out in a ftream P from the holes at O, and falls
into the trough @, from whence it is conveyed
by pipes. And this isa very eafy way of raifing
warter,
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water, becaufe the engine requires no animal
power to turn it.
The art of weighing different bodies in water,

153
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and thereby fnding their fiecific gravitics, or fpecific

weights, bulk for bulk, was invented by Ar-
cuimipes; of which -we have the following
account : c
Hiero king of Syracufe, having employed a
goldfmith to make a crown, and given him a
n!m's of pure gold for that purpole, fulpected
that the workman had kept back part of the
gold for his own ufe, and made up the weight
by allaying the crown with copper. But the
king not knowing how to find our the truth of
that matter, referred it to Archimedes; who
having ftudied a long time in vain, found it out
at laft by chance. ¥or, going into a bathing-
tub of water, and obferving that he thercby
raifed the water higher in the tub than it was
before, he concluded inftanty that he had raifed
is jult as high as any thing elfe could have done,
that was exaltly of his bulk: and confidering
that any othier body of equal weight, and of lefs
bulk than himfielf, could not have raifed the
water {o high as he did; he immediately told
the king, that he had found a method by which
he could difcover whether there were any cheat
in the crown. For, fince gold is the heavieft
of all known metals, it muit be of lels bulk,
according to its weight, than any other meral.
And therefore he deflired that a mafs of pure
gold, eqqaﬂy heavy with the crown when
weighed in air, fhould be weighed againlt
it in watery and if the crown was not zllayed,
it would counterpoife the mals of gold when
they were both immerfed in water, as well as it
did when they were weighed in air, But upon
4 making

aravitics
of bodies.
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making the trial, he found that the mafs of

gold weighed much heavier in water than he
crown dic. - And not only fo, but that, when
the mafs and crown were immerled feparately
In one veiflel of water; the crown raifed the
water much higher than the mafs did; which
thewed it to be allayed with fome ligher metal
that increafed its bulk., And fo, by making
trials with different metals, all equally. heavy
with the crawn when weighed in awr, he found
out the quantity of alloy i the crow:.,

The fpecific gravities of bodies are as their
weights, bulk for bulk ; thus a body is faid to
have two or three times the fpecific gravity of
another, when it contains two or three times as
much matter in the fame fpace.

A body immerfed in a fuid wili fink to the
bottom, if it be heavier than its bulk of the
fluid, If it be fufpended therein, it will lofe
as much of what it weighed in air, as its bulk
of the fluid weighs. Hence, all bodies of equal
bulks, which would fink in Buids, lofz equal
weights when fufpended therein,  And unequal
bodies Jofe in proportion to their bulks.

The - The bydrofiatic balance differs very little
droffatic from a common’ balance that is nicely made :
it only it has a hook at the bottom of each ftale,
on which fmall weights may be hung by horfe-
hairs, or by filk threads. So'that a body, fuf-
pended by the hair or thread, may be immerfed
in water without wetting the fcale from which
it hangs. '

If the body thus fufpended under the fcale,
at one end of the balance, be ficlk counterpoifed
-in air by weights in the oppofite feale, and then
any body, !Mmerled in water, the equilibrium will be im-

" mediately deftroyed, Then, if as much weighe
be

—r——

~ r—




Of the [pecific Gravities of Bodies:

be putinto the fcale from which the body hangs,
as will reftore the equilibrium (without altering
the weights in the oppofite dcale) that weight,
which reftores the equilibriam, will be equal to
the weight of 2 quantity of water as big as the
immeried body. And if the weight of the body
in air be divided by what it lofes in water, the
quotient will {hew how much that body is hea-
vier than its bulk of water. Thus, if a guinea
fulpended in air, be counterbalanced by 129
grains in the oppofite {cale of the balance; and
then, upon its being immerfed in water, it be-
comes {o much lighter, as to require 7% grains
put into the fcale over it, to reftore the equili-
brium, it fhews that a quantity of water, of
equal bulk with the guinea; weighs 7% grains,
or 7.25 3 by which divide 129 (the weight of
the guinea in air) and the quotient will be
17.792 5 which fhews that the guinea 15 17.793
times as heavy asits bulk of water. And thus,
any picee of gold may be tried, by weighing it
firlt in air, und then in water; and if upon
dividing the weight in air by the lofs in water,

the quotient comes out to be 17.703, the gold.

is good s if the quotient be 18, or between 18
and 19, the gold is very fine; but if it be lefs
than 17, the gold is too much allayed, by being
mixed with fome other metal.

If filver be tried in this manner and found
to be 11 times as heavy as water, it is very
fine; if it be 1ot times as heavy, it is ftand-
ard ; but if it be of any lefs weight compared
with water, it is mixed with: fome lighter me-
tal, fuch as tin.

By this method, the {pecific gravities of all
bodies that will fink in water, may be found.
But as to thofe which are lighter thag water, as

moft
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moft forts of wood are, the fo]lowing method
may be taken, to fhew how much lighter they
are than their refpective-bulks of water.

Let an upright ftud be fixed into a thick flat
piece of brafs; and in this ftud let a {mall lever,
whofe arms are equally long, turn upon a fine
pin as an axis. Let the thread which hangs
from the {cale of the balance be tied to one end
of the lever, and a thread from the body to be
weighed, tied to the other end. This done,
put the brafs and lever into a velfely then pour
water into the vefiel, and the body will rife and
float upon it, and draw down the end of the
balance from which it hangs: then, put as much
weight in the oppofite fcale as will raife that end
of the balance, {o as to puli the body down into
the water by means of the lever; and this
weight in the fcale will thew how much the body
is lighter than its bulk of water.

There are fome things which cannot be
weighed in this manner, fuch as quickiilver,
fragments of diamonds, &c. becaufe they can-
not be fufpended in threads; and muft therefore
be put into a glafs bucket, hanging by a thread
from the hook of one fcale, and counterpoifed
by weights put into the oppofite fcale. Thus,
fuppofe you want to know the fpecific gravity
of quickfilver, with refpeét to that of water; let
the empty bucket be firft counterpoifed in air,
and then the quickfilver put into it and weighed.
‘Write down the weight of the bucket, and allo
of the quickfilver; which done, empty the
bucket, and let it be immerfed in water as it
hangs by the thread, and counterpoifed therein
by weights in the oppofite fcale : then, pour
the quickfilver into the bucker in the water,
which will caufe it to preponderate ; and put as
much
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much weight into the eppofite fcale as will re-
{ftore the balance to.an equipoife ; and this
weight will be the weight of a quantity of water
equal in bulk to the quickfilver. Laftly, di-
vide the weight of the quickfilver in air, by the
weight of its bulk of water, and the quotient
will fhew how much the quickfilver is heavier
than its bulk-of water.

If a piece of brafs, glafs, lead, or filver, be
immerfed and fulpended in different forts of
fluids, the different lofies of weight therein will
fhew how much itis heavier than its bulk of the
fluids the fuid being lighteft in which the im-
merfed body lofes leaft of its aerial weight. A
folid bubble of glafs is generally ufed for Ainding
the fpecific gravities of fluids.

IHence we have an ealy method of finding the
fpecific gravities both of folids and fluids, with
regard to their {pecific bulks of common
pump water, which is generally made a ftand-
ard for comparing all others by.

In conftructing tables of fpecific gravities with
accuracy, the gravity of water muft be repre-
fented by unity or 1,000, where three cyphers
are added, to give room for exprefling the ratios
of other gravities in decimal parts, as in the
following table.

N. B. Although guinea gold has been gene-
rally reckoned 17.798 times as heavy as its
bulk of water, yet, by many repeated trials, I
cannot fay that 1 have found it to be more than
17.200 (of 17+%) as heavy,

A Table
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A Table of the ipea ic gravities of feveral folid
and fluid bodies.

Troy weipght, | Avoirdup. | Compa-
A cubic inch of - | rative

oz PW. griloz drams.| weight,
Very fine gold - {10 7. 3.83| 1 5.80| 19.637
Standard gold 9 19  6.44(10 14.g0] 18.888
Guinea gold - 9 7 1;.18;10 4.76% 17.793
Moidore gold - | g 0 19.84! 0 14.711 17.140]|
Quickfilver - - | 7 7 1161 8 1r45) 14.0190
Lead -~ = 1 519 17.55 6 9.08| 11.325
Fine filver - - | 5 16 23.23| 6 .6.66; 11.087
Standard filver - | 5§ 11 3.36| 6 I.54| 10.435
Copper - -~ 413 7.04| 5 1.2;‘9! 8.843
Plate-brafs - 4 4 9.60| 4 10,09! B8.coo
Steel - - - | 4 22012} 4 B.70 7852
Irop - - - |4 o1520f4 677 7.645
Block-tin - - | 317 5.68] 4 3.79| 7.321
Speltar - - | 3 14 12.86) 4 1.42| 7.065
Lead ore - - 2 11 17.76) 3 14.06! 6.800
Glafs of antimony{ 2 15 16.89/ 3 0.89; 5.280
German autimony! 2. 2. 4.80| 2 5.04] 4000
Copperore -~ ~ | 2 T 11.83| 2 4.43: 3.775
Diamond - - 15 20.88] 1 1548} 3.200
Clear glafs = - |1 13 558 1 13.16{ 3150
Lapis lazuli = - | 1 12 ga7] 1 12.27 3.054
Welch afbeftos - | 1 10 15.67{ 1 10.97| 2.13
White marble - | 5 8 13.41| 1 g.00}  2.707
Black ditto = I Bux2bsia-50.0Z1 2704
Rock eryftal - |'1 8 100l 1 B8.61| 2658
Green glafs = - ['1- 71538 1 8.46] 2.620
Comneliameftone = | 17 1.21] 1 7.-‘;31 2.568
Flint - - - i 6 19:62(. 1 7.53! 2.542
Hard paving flone}. 1 5 22.87| 1 6.77] 2.460
Live fulphur - |t "1 “2.40{ 1 2.52] 2.000
Nitre - - - 1 o T.e8| ¥ 159y 1I1.00
Alabafter - - | o 19 18.74| 1. L35{ 1.875
Dry ivory - - | 0 19 6.09/ 1 089} 1.825
Brimflone - - o 18 23.76 1 0.66| 1.800
Aldm < - - | 017 21.92] 0 15.72] 1,714

7|
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'The Table concluded.

Troy weaghte | Avoirdop, | Com pa- T
A cubicinch of [—— e L

0z PW. gri|oz. drams. | weicht,
e — e — | ———— -
Ebony = = o 11 18.82| © 10:34} 1 11y
Human bloed - | o 11 2.89] 0 9.76 1.05%
Amber - - - 0. to 20,39 0 9.5+ 1030
Cow’s milk™ - o 10 20791 © G 54] 1.030
Seawater - - | 0 10 20.70| 0 Q.54] 1.030
Pump water <« | o' 10 13.30| 0 g 26| 71.000
Spring water = | 0 10 12.94| 0 9.25| ©999
Diftiled water - | 0 10 11.42| © g.20{ ©993
Red wine =~ - | 0-10 11.42| 0 @.20] ©.993
QOil of amber - | o 10 7.63| 0 .06 . 0.978
Proof {pirits - o g lg:43t.0 8.62l 0.031
Dry oak: - - 0 g 1B.oc| o 8.56|  0.925
Olive oil = = o' g 15.17| © 8.15] o413
Pure fpirits' = = | 0 ‘g 3.27| 0 B8.02] o866
Spiritofturpentine} 0 9 2,76} 0 7.99| 0864
Oilof turpentine | o 8 8.53| 0 7.331 * c.772!
Dry crabtree - | o 8 1.69| o  7.08 o.-,éji
-Saf{ﬁafras wood = | 0 5 . 2.04| 0 4.46) o0.482]
Cork - 0 A 12970 2.2 0:240!

Take away the decimal points from the num-
bers in the right-hand column, or (which is the
fame) muliply them by 1ooo, and they will
fhew how many avoirdupoife ounces are con-
tained in a cubic foot of each body.

The ufe of the table of fpecific gravities will How to
beft appear by an example. Suppole a body to find out
be compounded of gold and filver, and it is re- ¢ A
quired to find the quantity of each metal in ;i)\0
the compound- N tion in

Firft find the fpecific - gravity of the com-mstals.
pound, by weighing it in air and 1n water, and
dividing its aerial weight by what it lofes there-
of in water, the quotient Will thew its fpecific

oravity,
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gravity, or how many times it is heavier than
it bulk of water. Then, fubtract the fpecific
gravity of filver (found in the table) from that
of the compound, and the {pecific gravity of the
compound from that of gold ; the firft remaineder
fhews the bulk of gold, and the latter the bulk
of filver, in the whole compound: and if thefe
remainders be multiplied by the refpective fpe-
cific gravities, the products will fhew the pro-
portion of weights of each metal in the body.
Example.

Suppofe the fpecific gravity of the compound-
ed body be 133 that of ftandard filver, (by the
table) is 10.5, and that of gold 19.63: therefore
10.5 from 13, remains 2.5, the proportional
bulk of the gold; and 13 from 19.63, remains
6.63 the proportional bulk of filver in the com-
pound. Then, the firft remainder 2.5, muli-
plied by 19.63, the fpecific gravity of gold,
produces 49.075 for the proportional weight of
gold ; and the laft remainder 6.63 muluplied
by 10.5, the fpecific gravity of filver produces
69.615 for the proportional weight of filver in
the whole body. So that for every 4g9.07 ounces
or pounds of gold, there are 69.6 pounds or
ounces of filver in the body.

Hence it is eafy to know whether any fufpeét-
ed metal be genuine,, or allayed, or counterfeit;
by finding how much it is heavier than its bulk
of water, and comparing the fame with the
table: if they agree, the metal is good; if they
differ, it 15 allayed or counterfeited.

A cubical inch of good brandy, rum, or ether
proof {pirits, weighs 235.7 grains: therefore, if
a true inch cube of any metal weighs 235.7
grains lefs in {pirits than in air, it fhews the
fpirits are proof. If it lofes lefs of its aerial
weight
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weight in {pirits, they are above proof; if it lofes
more, - they are under. For, the better the
{pirits are, they are the lighter; and the worfe,
the heavier. All bodies expand with heat and
contraé with cold, but fome more and fome jefs
than others. And therefore the {pecific gravities
of bedies are not precifely the fame in flummee
as in winter, [t has been found, that a cubic
inch of good brandy is ten grains heavier in win-
ter than in fummer; as much {pirit of pitre, 20
grains; vinegar 6 grains, and {pring-water 3.
Hence it is moft profitable to buy fpirits in
winter, and fell them in fummer, {ince they are
always bought and fold by meafure. It has
been found, that 32 gallons of fpirits in winter
will make g3 in fummer.

The expanfion of all fluids is proportionable
to the degree of heat; that is, wich a double or
triple heat a fluid will expand two or three times
as much.

Upon thefe principles depends the conftruc- The hor-
tion of the thermometer, in which the globe or mometer.
bulb, and part of the tube, are filled with a
fluid, which, when joined to the barometer, is
fpirits of wine tinged, that it may be more eafily
feen in the tube. But when thermometers are
made by themfelves, quickfilver is generally
ufed.

In the thermometer, a fzale is fitted to the
tube, to thew the expanfion of the quickfilver,
and confequently the degree of heat. And, as
FEabrenbeit’s {cale is moft in efteem at prefent, I
thall explain the conftruction and graduation of
thermometers according to that {cale,

Firft, Let the globe or bulb, and part of the

‘tube, be filled with a fluid; then immerfe the

bulb in water jult freezing, or fnow juft thaw-
ing ;
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mgs and even with that part in thefcale where
the fluid then fiands in the tube, place the num-
ber 32, to denote the freezing point: then put
the bulb under your arm-pit, when your bady is
of a moderate degree of heat, fo that it may
acquire the fame degree of heat with your {kin ;
and when the fluid has rifen as far as it can by
that heat, there place the number g7 :. then
divide the fpace between thefe numbers into 65
equal parts, and continue thofe divifions both
above g7 and below 32, and number them ac-
cordingly. ;

This may be cdone in any part of the world ;
for it is found that the freezing point is always
the fame in all places, and the heat of the human
body differs but very litile; fo that the thermo-
meters made in this manner will agree with one
another; and the heat of {everal bodics will be
fhewn by them, and exprefled by the numbers
upon the feale, thus.

Air, in fevere cold weather, in our climate,
from 15 to 25. Air in winter, from 26 to 42.
Air in fpring and autumn, from 43 to 53. Air
at midfummer, from 65 to 68. Extreme heat
of the fummer fun, from §6 to 100. Butter
juft melting; 95. Alcohol boils with 174 or
175. Brandy with 1go. Water 212, QOil of
turpentine 550. Tin melts with 464, and lead
with 540, Milk freezes about go, vinegar 38,
and blood 27%.

A body {pecifically highter than a fluid will -
fwim upon its furface, in fuch a manner, that a
quantity of the fluid equal in bulk with the
immerfed part of the body, will be as heavy as
the whole body. Hence, the lighter a fluid is,
the deeper a body will fink in it 5 vpon which
depends
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depends the conftru@ion of the hydrometer or
water-poife,

From this we can eafily find the weight of a How the
fhip, or any other body that foats in warer. weight of
For, if we multiply the number of cubic feer 2 ﬂ”g
whichare under the furface, by 62.5, the number elfimfed'
of pounds in one cubic foot of frefh water; or
64.4, the number of pounds in a cubic foot of
falt water ; the produé will be the weight of
the thip, and all that is in it.  For, fince ir is
the weighe of the fhip that difplaces the water,
it muft continue to fink until it has removed as
much water as is equal to it in weight 3 and
therefore the part immerfed muft be equal in
bulk to fuch a portion of the water as is equal
to the weight of the whole fhip. ‘

To prove this by experiment, let a ball of
fome light wood, fuch as fir or pear-tree, be
put uito water contained 1n a glafs veflel; and
let the veffel be put into a feale at one end of a
balance, and counterpoifed by weights in the
oppolite feale: then, marking the height of the
water in the veffel, take out the ball; and fll
up the veffel with water to the fame height that
it ftood at when the ball was in it; and the fame
weight will counterpoife it as before.

From the vefiel’s being filled up to the fame
height at which the water ftood when the ball
was in ity it is evident that the quantity poured
in is equal in magnitude to the immerfed part
of the ball; and from the fame weight coun-
terpoiling, it is plain that the water poured in,

13 equal 1n weight to the whole ball.

In troy weight, 24 grains make a penny-
weight, 20 pennyweights make an ounce, and
12 ounces a pound. In avoirdupoife weisht,

16 drams make an ounce, and 16 ounces a

M pound.
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pound. The troy pound contains 5960 grains,
and the avoirdupoife pound 7000 ;*and hence,
the avoirdupoi!e dram weighs 27.34375 grains,
and the avoirdupoife ounce 437.5.

Becaufe it is often of ufe to know how much
any given quantity of goods in troy weight do
make in avoirdopoife weight, and the reverfe ;
we f{hall here annex two tables for converting
thefe weights into one another. Thofe from
page 135 to page 146 are near enough for com-
mon hydraulic purpofes; but the two following
are better, where accuracy is required in com-
paring the weights with one another: and 1
find, by trial, that 175 troy ounces are precifely
equal to 192 avoirdupoife ounces, and 175 troy
pounds are equal to 144 avoirdupoife. And
alchough there are feveral lefler integral num-
bers, which come very near to agree together,
yer 1 have found none lefs than the above to
agree exactly, Indeed 41 troy ounces are fo
nearly equal to 45 avoirdupoile ounces, that the

i 4

latrer contains only, 7% grains more than the for-
met : and 44 troy pounds weigh only 7.% drams
more than 34 avoirdupoiie.

1 have lately made a {cale for comparing thefe
weights with one another, and fhewing the
weight of pump-water, proof ipirits, pure {pi-
rits, and guinea gold, taken in cubic inches,
to any quantity lefs than a pound, both in troy
and avoirdupoife; only by {liding one fide of a
fquare along the icaie, and the other fide crof-
{ing 1t,




Troy Weight veduced into Aveirdupoife.

Avoirdupoife. Avoir.

Troy weight. -———|Troy weight,
b, oz. drams, ; Drams.

= = ———
Pounds—4000{3291 6 13.68 [Penny we, 19| 16.67
joco)2528 g 2.26 18] 15.79
2000|1645 11 6.84 170 14.92
o locol 8zz 13 11.42 16] 14.04
-EQ Qoo| 740 g 2,28 15 13.16
e Scol 658 4 g.14 14| 12,29
B 700! $76 © ©.00 13| 11.41
k) 6ool 493 11 6.85 12| 10,53
5 500] 411 6 13.71 11| 9.65
g.. 400] 329 2 4.57 10l &8.78
o 300] 246 13 11.42 9] 7.90
=] 200| 104 ¢ 228 8| 7.02
2 1oc] 8z 4 gus 70 6.4
< 9ol 74 o© 13.62 b 5.27
o 80l 65 13 4.11 5] 4.39
g 791 57 9 o.60 4 3.51
e 6o| 49 & 15.08 3] -z.63
f= 5ol 41 2 437 2| T.7%
.%ﬁ 40| 32z 14 10.05 1} .88
= 39] 24 10 15.54|Grains — 23 84
o 2ol 16 7 .08 22 8o
o 10 8 3 10.52 21 77
- 9 7 6 7.86 20 73
m0 a 6 9 s5.21 19 .6
= 7 g1z =200 18 66
g (7} 4 14 15.90 i7 .62
12 5 . S s 58
{2 4 3 4 1060 15 55
{8 3 2 7 795§ 14 o3I
= z 110 5.30 13 47
o 1 © 13 z.65 12 4
12 [Ounces — 1 iz 1,09 18 40
i l; 10 15,54 10 .36
‘ 9 13. 9 233
< 5 B 134s AT
7 7 10,88 = .26
6 6 9.3 6 i
5 5 ot 5 .18
3 4 (J,z‘; 4 o1g
3 3 4.60 3 LI1
2 Z 331 z 207
i X 1.5% 1 04
M 2 A Table
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Auoirdupoife Weight reduced into Troy.

|

— ; 4
A Table for reducing Avoirdupoife weight into
Troy Weight,
Avoirdupoife Troy weight. Avoird. Troy Weight.
Wegh: b, oz. pw. gr. weighs. Ib. oz. pw. gr.
Pounds 6ooco|7291 8 o o|Ounces15{1 1 13 10.50
5000|6076 4 13 8 4]t o 15 3§

4c00(4861 1 6 16 13| 11 16 23.50
30c0{3045 10 0 © 12| 10 18 18

Zoc0|2430 6 13 8 11| 10 o© 12.50
10c0|1215 3 6 16 io T

gooliogy 9 o © g 8 4 1350
goo| g7z 2z 13 8 o I ST

700| 850 8 6 16 71 6 7 1450
6oc| 729 2 © © 6l 599

goo| o7 7 13 8 g 4 1L 3.50
400] 486 1 0 16 4 3 1z 22

300 364 7 © © 3 z 14 16,50
zoo| z43 o 13 8 2 1 16 11

joc|l 121 6 6 16 I o 18 5.50

go| 129 4 10 o©o|Drams 15 17 2.10

80| g7 2 13 8 14 15 22.76

2ol 85 © 16 16 13 14 19.42

6ol 72 11 o © 1z 13 15.08

50| 60 g 3 & 11 12 12,74

40| 48 7 616 10 11 Q.40

30| 36 5 1o © 9 10 6.06

20| 24 3 13 8 8 9 2.72

10, 1z 1 16 16 7 8 23,138

ol o 6 e e ) 6 7 20.04

8 o 813 8 5 6 16,70

7 8 6 1 16 4 g 13_36

6 7 310 0 3 3 10.02

5 6 o18 8 2 2 G6.68

4l 410 616 1 1 284

31 .3 715 © 2 © 2051

21 "2 k-3 B L 13.67

1] 1 z116 1 6.83

The
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The two following examples will be fufficient
to explain thefe two tables, and fhew their agree-
ment,

Ex. I. In 6835 Troy pounds 6 aunces g penpy-
weights 6 grains, Qu. How much Avoirdypoife
weight 2 (See page 165.)

Avoirdupoife.
Ib, oz. drams,
4000 | 3291 6 13.68
2000 | 1645 11 6.84
Pounds; 800 | 658 4 g.14

troy— 20 16 7. 503
l 10 8 3 1052
L 5 4 I 13.25
oz. 6 6 79_33
pw. 9 7.90
gr. 6 22

Anfwer. | 5624 10 11.90

Ex. IL. In 5624 pounds 10 ounces 12 drams
Avoirdupoife, Qu. How much Troy weight ?
(See page 166.)

Troy.
Ib. oz pw. gr.

[5000 | 6076 4 13 8
Poundsg boo| 729 2 o o
l

avoird. 20 247 & ag.8
R 410 6.0
0z. 10 g 2 ?
dr. 12 13 15.08

Anfwer. | 6835 6 9 6.08
M 3 LECT.
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Of Preumatics.

HIS fcience treats of the nature, weight,
| preflure, and fpring of the air, and the
effects ariling therefrom.

The air is that thin tranfparent fluid body in
which we live and breathe. It encompaffes the
whole earth to a confiderable height; and, to-
gether with the clouds and vapours that float in
it, it 1s-called the armolphere. The air is Juftly
reckoned among the number of fluids, becaufe
it has all the properties by which a fluid is dif-
tinguifbed. For, it yields to the leaft force
imprefied, its parts are calily moved amonyg one
another, it prefles according to its perpendicu-
lar height, and its prefiure i1s every way equal.

That the air is a fluid, conlifting of fuch
particles as have no cohefion betwixt them, bug
eafily glide over one another, and yield to the
flighteft 1mpreflion, appears from that eafe and
freedom with which animals breathe in it, and
move through it without any difficulty or fen-
fible refiftance.

But it differs from all other fluids in the four
following particulars. 1. It can be comprefled
into a much lefs fpace than what it naturally
poffeffeth, which noother flvid can. 2. It cannot
be congealed or fixed, as other Aluids may.. g. It
is of a different denfity in every part, upward
from the earth’s furface, decreafing in its weight,
bulk for bulk, the higher it rifes; and therefore
muft alfo decreafe in denfity. 4. It 1s of an
claftic



Of Pueumatics.

elaftic or fpringy nature, and. the force of its
fpring is equal to its weight.

That air is a body, is evident from its ex-
cluding all other bodies out of the fpace it pof-
{effes : for, if 2 glafs jar be plunged wich its
mouth downward into a veflel of water, there
will but very lictle water get into the jar, becaufe
the air of which it is full keeps the water out.

As air is a body, it muft needs have gravity
or weight: and that it is weighty, is demon-
ftrated by experiment. For, let the air be
taken out of a veflel by means of the air-pump,
then, having weighed the vefiel, let in the air
again, and upon weighing it when re-filled with
air, it will be found confiderably heavier. Thus,
a bottle that holds a wine quart, being emptied
of air and weighed, is found to be about 16
grains lighter than when the air is let into it
again 3 which fhews that a quart of air weighs
16 grains. But a quart of water weighs 14621
grains; this divided by 16, quotes 914 in round
numbers; which fhews, that water is 914 times
as heavy as air near the furface of the earth.

As the air rifes above the earth’s furface, it
grows rarer, and confequently lighter, bulk for
bulk. For, becaufe it is of an elaftic or {pringy
nature, and its lowermoft pares are preffed with
the weight of all that is above them, it is plain
that the air muft be more denfe or compact at
the earth’s furface, than at any height above it;
and gradvally rarer the higher up. For, the
denfity of the air is always as the force that
comprefleth it; and therefore, the air towards
the upper parts of the atmofphere being lefs
prefied than that which is near the earth, it wilk
expand itfelf, and thereby become thinner than
at the earth’s {urface.

M 4 Dra
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Dr. Cotes has demonftrated, that if alticudes

in the air be taken in arithmetical proportion,
the rarity of the ajr will be in geometrical pro-
portion, For inftance,

Dacplic in-vs sopere 48
F bl pun TR EE B0
21| @ {e === Hal|Z
28[2! ------ = o a0

Ba R ¥ st =024 iy
4215 - - - w e - ;‘,09{) o

D e R
Wl B Rt s = b55aRy o
S 63 S -1 - 262144] g
E 15700 - au - 1048476.-‘3
= (_q_,< » }""’
;j\ 77 / g - m ® 4_1().[.{.04 q’;
L] 84]€ [~ - - - 16777216] E
e = 'O 2 sl
i’ ] gLl le - « - 67108804 |5
| 9818 |- - - 26343545612

105} o f= = . 1073741824 'R
1i2 | o l-- - 4294967290} &
119 | = |- - 17179869184 | .5
126 § |- - 68719476736|=

Lo Ly oy

13315 |- - 274877900944 | 2

Li40) " [~ 1099511627776] -8

And hence it is eafy to prove by calculation,
that a -cubic inch of fuch air as we breathe,
would be o much rarefied at the altirude of 500
miles, that it would fill a hollow fphere equal in
diameter to the orbit of Saturn.

The weight or preflure of the air is exaétly
determined by the following experiment.

Take a glafs tube about three feer long, and
open at one end; fill it with quickfilver, and
putting: your finger ‘'upon the open end, turn
that end downward, and immerfe it into a {mall
veflel




-
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Of Paneumatics.

veffel of quickfilver, without letting in any air:
then take away your finger; and the quickfilver
will remain fufpended in the tube 29} inches
above its furface in the veflel; fomerimes more,
and at other times lefs, as the weight of the
air is varied by winds and other caufes.  That
the quickfilver is kept up in.the tube by the
prefiure of the atmoiphere upon that in the ba-
fon, is evident; for, if the bafon and tube be
put under a glafs, and the air be then taken out
of the glafs, all the quickfilver in the tube will
fall down into the bafon; and if the air be let in
again, the quickfilver will rife to the fame
height as before. Therefore the air’s preffure
on the furface of the earth, is equal to the
weight of 291 inches depth of quickfilver all
over the earth’s furface, at a2 mean rate.

A fquare column of quickfilver, 291 inches
high, and one inch thick, weighs juft 15
pounds, which is equal to the preflure of air
upon every fquare inch of the earth’s furface s
and 144 tumes as much, or 2162 pounds, upon
every fquare foot; becaufe a fquare foot con-
tains 144 fquare inches. At this rate, a middle-
fized man, whofc furface may be about 14 fquare
feet, fuftains a preflure of 30240 pounds,
when the air is of a mean gravity: a preflure
which would be infupportable, and even fatal
t0 us, were it not equal on every part, and
counterbalanced by the fpring of the air within
us, which is diffufed through the whole body s
and re-acts with an equal force againit the out-
ward preflure.

Now, fince the earth’s furface contains (in
round numbers) 200,000,002 fquare miles,
and every fquare mile 27,878,400 fquare feet,
there muft be 5,575,680,000,000,000 fqufarc

eet
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feet on theearth’s furface; which multiplied by
. 2160 pounds (the preflure on each fquare foot)
| I gives 12,043,468,8004000,000,000 pounds for
' the preflure or weight of the whole atmo-
iphere. :

When the end of a pipe is immerfed in water,
and the air is taken out of the pipe, the water
will rife in it to the height of 33 feet above
the furface of the water in which it is immerfed ;
but will go no higher: for it is found, that a
common pump will draw water no higher than
ks 33 feet above the furface of the well : and unlefs

the bueketr goes within that diftance from the
well, the water will never get above it. Now,
as it is the preflure of the atmofphere, on the
furface of the water in the well, that caufes the
water to afcend in the pump, and follow the
pifton or bucket, when the air above it is lifted
up; it is evident, that a column of water 33
feet high, 15 equal in weight to a column of
quickfilver of the fame diameter, 29} inches
high ; and to as thick a column of awr, reach-
ing from the earth’s furface to the top of the
atmofphere. _
The daro-  In ferene calm weather, the air has weight
meter. ~ enough to {fupport a column of quickfilver 31
inches high ; but in tempeltuous ftormy wea-
ther, not above 28 inches. The quickfilver,
thus fupported in a glafs tube, is found to be a
nice counterbalance to the weight or preffure of
the air, and to fhew its alterations at different
times. And being now generally ufed to de-
note the changes in the weight of the air, and
of the weather confequent upon them, 1t s
called the daremeter, or weather-glafs.
The preflure of the air being equal on all
fides of a body expofed to it, the foftelt bodies
fuftain
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fuitain this preflure without fuffering any change
in their figure; and {0 do the moft brittle bodies
without being broke.
The air is rarefied, or made to {well with
heat ; and of this property, wizd is a neceflary ppe caufe
confequence. For, when any part of the air is of winds.
heated by the fun, or otherwile, it will fwell,
and thereby affect the adjacent air: and fo, by
various degrees of heat in different places, there
will arife various winds.
When the air is much heated, it will afcend
towards the upper part of the at 1ofphere, and
the adjacent air will rufh in to fupply its place;
and therefore, there will be a fiream or current
of air from all parts towards the place where
the heat is. And hence we fee the realon why
the air rufhes with fuch force into a glafs-houfe,
or towards any place where a great fire is made.
And allo, why {moke is carried up a chimneyv,
and why the air rufhes in at the key-hole of the
door, or any fmall chink, when there is a fire
in the room.  So we may take it in general, that
the air will prefs towards that part of the world
where it is moft heated.
Upon this principle, we can eafily account for The
the #rade-winds, which blow conftantly from eaft frad-
to weft about the equator. For, when the fun ™%
fhines perpendicalarly on any part of the earth,
1t will hear the air very much in that part, which
air will therefore rife upward, and when the fun
withdraws, the adjacent air will ruth in to fill its
place ; and confequently will caufe a ftream or
current of ait from all parts towards that which
is moft heated by the fun. But as the fun, with
refpect to the carth, moves from eaft to weft,
the common coutfe of the air will be that way
£00; continwally prefling after the fun: and
' therefore,
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therefore, at the equator, where the fun fhines

ftrongly, there will be a continual wind from
n the eaft 3 but, on the north fide, it will incline
a little to the north, and on the fouth-fide, to
the {outh,

This general courfe of the wind about the
equator, is changed in feveral places, and
upon feveral accounts; as, 1. By exhalations
that rife out of the earth at certain times, and
from certain places; in earthquakes, and from
volcanos. 2. By the falling of great quanti-
ties of rain, caufing thereby a fudden conden-
fation or contraction of the air, 3. By burn-
ing fands, that often retain the folar heat to a
degree incredible to thofe who have not felr it,
caufing a more than ordinary rarefation of the
air contiguous to them. 4. By high moun-
tains, which alter the direftion of the winds
in ftriking againft them. 5. By the declina-
tion of the {un towards the north or fouth,
heating the air on the north or fouth fide of the

equator.
The mon- To thefe and fuch like caufes is owing, 1. The
Soums.  irregularity and uncertainty of winds in climates

diftant from the equator, as in moft parts of
Europe. 2. Thole periodical winds, called
monfoons, which in the Indian feas blow half a
year one way, and the other half another,
3. Thofe winds which, on the coaflt of Guiney,
and on the weftern coalls of America, blow al-
ways from weft to eaft, 4. The fea-breezes,
which, in hot countries, blow generally from
fea to land, in the day-time; and the land-
breezes, which blow in the night; and, in fhort,
all thofe ftorms, hurricanes, whirlwinds, and
irregularities, which happen at different times

and places.
il All
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All common air is impregnated with a cer- Thewiwi-
tain kind of z:iv::f:)'in‘g'ﬁ)irit or qua]ity, which iSf)Tzf’{f ipe-
neceflary to continue the lives of animals: and ™ ** %%
this, in a gallon of air, is fufficient for one man
during the fpace of a minute, and not much
longer.

This fpirit in air is deftroyed by pafling

through the lungs of animals: and hence it is,
that an animal dies foon, after being put under
a veflel which admits no frefh air to come to it.
This fpirit is alfo in the air which is in water;
for fith die when they are excluded from frefh
air, as in a pond that is clofely frozen over.
And the little eggs of infeéts, ftopped up ina
glafs, do not produce their young, though
affifted by a kindly warmth. The feeds alfo of
plants mixed with good carth, and inclofed in
a glafs, will not grow.

This enlivening quality in air, is alfo de-
ftroyed by the air’s pafling through fire; parti-
cularly charcoal fire, or the flame of fulphur.
Hence, {moking chimneys muft be very un-
wholefome, efpecially if the rooms they are in
be fmall and clofe.

Air is alfo vitiated, by remaining clofely
pent up in any place for a confiderable time;
or perhaps, by being mixed with malignant
fteams and particles flowing from the neighbour-
ing bodies : or laftly, by the corruption of the
vivifying fpiric; as in the holds of fhips, in
oil-cifterns, or wine-cellars, which have been
fhut for a confiderable time. The air in any of
them is fometimes fo much vitiated, as to be im-
mediate death to any animal that comesinto it,

Air that has loft its vivifying fpiric, is called p,my,,
damp, not only becaufe it is filled with humid
or moift vapours, but becaufe it deadens fire,

extin-
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extinguithes flame, and deftroys life, T'he
[ dreadiul effeéts of dam ps are {ufficiently known
to fuch as work in mines.

If part of the vivifying fpirit of air in any
country begins to putrefy, the inhabitants of that
| country will be fubject to an epidemical difeafe,
which will continue until the putrefaition is
over.  And as the putrefying {pirit occafions
the difeafe, fo if the difeafed body contributes
; towards the putrefying of the air, then the dif=
. eafe will not only be epidemical, but peftilential

and contagicus. :

The atmolphere 1s the common receptacle of
all the efluvia or vapours arifing from different
bodies; of the fieams and fmoke of things burnt
or melied 5 the fogs or vapours procecding from
damp watery places; and of the efluvia from
fulphureous, nitrous, acid, and alkaline bodies.
In fhort, whatever may be called volatile, rifes
in the air to greater or lefs heights, according
to its fpecific gravity,

Fermenta- — \When the efluvia, which arife from acid and

#0us  alkaline bodies, meet each other in the air,
there will be a ftrong conflict or fermentation be-
tween them ; which will fometimes be fo grear,
as to produce a fire; then if the efluvia be
combuftible, the fire will run from ope part
to another, juft as the inBammable matter hap-
pens to lie.

£iny one may be convinced of this, by mixing
an acid and an alkaline fluid together, as the
fpirit of nitre and oi) of cloves; upon the doing
of which, a fudden ferment, with a fine Hame,
will arife ; and if the ingredients be very pure
and ftrong, there will be a fudden explofion,

Thunder ~ Whoever confiders the cffeds of fermenta-
and Jight- tion, cannot be at a lofs to account for the
g dreadful
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dreadful effeéts of thunder and lightning : for the
effluvia of fulphureous and nitrous bodies, and
others that may rife into the atmofphere, will
ferment with each other, and take e very often
of themfelves; fometimes by the affiftance of the
fun’s heat.

If the inflammable matter be thin and lighe,
it will rife to the upper part of the atmofphere,
where it will fath without doing any harm:
but if it be denfe, it will lie near the fur-
face of the earth, where §taking fire, it will ex-
plode with a furprifing force; and by its heat
rarefy and drive away the air, kill men and
cattle, fplit trees, walls, rocks, &c. and be ac-
companied with terrible claps of thunder.

The heat of lightning appears to be quite
different from that of other fires; for it has
been known to run through wood, leather,
cloth, &c. without hurting them, while it has
broken and melted iron, fteel, filver, gold, and
other hard bodies. Thus it has melted or burng
alunder a fword, without hurting the fcabbard ;
and money in a man’s pocket, without hutting
his cloaths : the reafon of this feems to be, that
the particles of zhat fire are fo fine, as to pafs
through fofc loofe bodies without diffolving
them ; whilft they {pend their whole force upon
the hard ones.

It is remarkable, that knives and forks which
have been flruck with lightning have a very
ftrong magnetical vircae for {everal years after ;
and 1 have heard that lightaing ftriking upon
the mariner’s compals, will fometimes turn it
round ; and often make ic {tand the contrary
way; or with the north-pole towards the fough.

Much of the fame kind with lightning, are Tt~

i Y]

thofe explofions, called Sulminating or Jire-damps, damps.
g :

which
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which fometimes happen in mines; and are
occafioned by fulphureous and nitrous, or ra-
ther oleaginous particles, rifing from the mine,
and mixing with the air, where they will take
fire by the lights which the workmen are obliged
to make ufe of. The fire being kindled will
run from one part of the mine to another, like
a train of gunpowder, as the combuftible matter
happens to lie. And as the elafticity of the air
is increafed by heat, zbat in the mine will con-
fequently {well very much, and fo, for want of
room, will explode with a greater or lefs degree
of force, according to the denfity of the com.
buftible vapours., It is fometimes {o ﬁrong, as
to blow up the mine; and at other times fo
weak, that when it has taken fire at the flame
of a candle, it is eafily blown out.

Air that will take fire at the flame of a candle
may be produced thus. Having exhaufted a
receiver of the air-pump, let the air run into it
through the flame of the oil of turpentine ; then
remove the cover of the receiver, and holding a
candle to that air, it will take fire, and burn
quicker or flower, according to the denfity of
the oleaginous vapour.

When fuch combuftible matter, as is above-
mentioned, kindles in the bowels of the earth,
where there is little or no vent, it produces
earthquakes, and violent ftorms or hurricanes of
wind when it breaks forth into the air.

An artificial earthquake may be made thus.
Take 10 or 15 pounds of fulphur, and as much
of the filings of iron, and knead them with
commen water into the confiftency of a pafte -
this being buried in the ground, will, 1 8 or
10 hours time, buft out in flames, and cavfe
1 the
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the earth (o tremble all around to a confiderable
diftance,

From this experiment we have 3 very natural
account of the fires of mount AZitua, Vefuvius,
and other volcanos, they being probably fer
or fire at firft by the mixture of fuch metalline
and fulphureous particles,

The air pump being conftrufted the fame way PlateX [V,
as the water-pump, whoever underftands the Fig. 1.
one, will be at no lofs to underftand the other.

Having put a wet leather on the plate L L The air-
of the air-pump, place the glafs receiver M2wnp.
vpon the leather, fo that the hole 7 in the plate
may be within the glafs. Then, turning the
handle F backward and forward, the air will be
pumped out of the receiver; which will then
be held down to the plate by the preffure of the
external air, or atmolphere. For, as the handle
I'(Fig. 2.) is turned backwards, it raifes the
pifton de in the barrel B K, by means of the
wheel E and rack Dd: and, as the pifton is lea-
thered fo tight a5 to fit the barrel exattly, no
air can get between the pifton and barrels and
therefore, all the air above 4 in the barreél is
lifted up towards B, and a vacuum is made in
the barrel from & to e; upen which, part of the
air in the receiver M (Fig. 1.) by its fpring,
rufhes through the hole 7, in the brafs plate
L L, along the pipe G CG (which communi.
cates with both barrels by the hollow trunk JHK
(Fig. 2.) and puthing up the valye b, enters
into the vacant place 4¢ of the barrel BK. For,
wherever the refiftance or preffure is taken off)
the air will run to that place, if it can find 2
paflage.—Then, if the handle F be turned
forward, the pifton de will be deprefled in the
barrel; and, as the air which had got into the

N barrel
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Barrel cannot be puflhed back through the valve
b, it will alcend through a hole in the pifton,
and efcape Ifn‘ough a valve at 43 and be hin-
dered by that valve from returning into the bar-
rel, when the pifton is again raifed. At the
next raifing of the pifton, a vacuum is again
made in the fame manner as before, between &
and e3 upon which, more of the air that was
left in the receiver AZ, gets out thence by its
{pring, and runs into the barrel B K, through
the valve 8. The fame thing is to be under-
ftood with regard to the other barrel 4 7; and
as the handle F is turned backwards and for-
wards, it alternately raifes and deprefies the pif-
tons in their barrels ; always raifing one whilft
it depreffes the other. And, as there is a va-
cuum made in each barrel when its pifton is
raifed, the particies of air in the receiver A
pulh out another by their {pring or clalticity,
through the hole 7, and pipe GG into the bar-
relsy until at laft cthe air in the receiver comes to
be o much dilated, and its {pring fo far weak-
ened, that it can no lenger get through the
valves ; and then no more can be taken out.
Hence, there is no fuch thing as making a per-
fect vacuum in the receivers for the quantity of
air taken out at any one ftroke, will always be as
the denfity thereof in the receiver : and there-
fore it is. impoflible to take it all out, becaufe,
-fuppofing the receiver and barrels of equal ca-
pacity, there will be always as much left as was
taken out at the laft turn of the handle.

There is a cock % below the pump-plate,
which being turned, lets the air into the receiver
again; and then the receiver becomes loofe, and
may be taken off the plate. The barrels are
fixed to the frame E¢e by two lcrew-nuts ff,
- which
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which prefs down the top piece £ upon the bar-
rels: and the hollow trunk A (in Fig. 2.) is
covered by a box, a5 G & in Fig, 1,

There is a glafs tube 7 mmu open at Loth
ends, and about 34 inches long; the upper end
communicating with the hole in the pump-plate,
and the lower end immerfed in quickfilver at #
in the veflel N. To this tube is firted 2 wooden
ruler m m, called the gage, which is divided into
inches and parts of an inch, from the bottom at
# (where it is even with the furface of the quick-
filver) and continued up to the top, a little
below /, to 30 or 31 inches.

As the air is pumped outof the receiver M, itis
hkewife pumped out of the glafs tube Z u, be-
caufe that tube opens into the receiver through
the pump-plate ; and as the tube is gradually
emptied of air, the quckfilver in the vefle] ¥V is
forced up into the tube by the preffure of the
atmofphere. And if the receiver could be per-
feCtly exhaufted of air, the quickfilver would
ftand as high in the tube as it does at that time
in the barometer : for it is fupported by the
lame power or weight of the atmolphere in
both.

The quantity of air exhaufted out of the re-
ceiver on each turn of the handle, is always pro-
portionable to the afcent of the quickfilver on
that turn ; and the quantity of air remaining in
the receiver, is proportionable to the defedt of
the height of the quickfilver in the gige, from
what it is at that time in the barometer.,

I thall now give an accoant of the experiments
made with the air-pump in my lectures 3 {hew-
ing the refiftance, weight, and elalticity of the
air,

N 2 I.. Te
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Fig. 1.

Of the Air-Pump.

L To fhew the refiftance of the airg

1. There is a lictle machine, confifting of two
mills, & and 4, which are of equal weights, in-
dependent of each other, and turn equally free
on their axes in the frame. Each mill has four
thin arms or fails, fixed into the axis : thofe of
the mill # have their planes at right angles to its
axis, and thofe of 5 have their planes parallel to
it. Therefore, as the mill  turns round in com-
mon air, it is but little refifted thereby, becaufe
i’s fails cut the air with their thin edges: bur
the mill 4 is much refifted, becaufe the broad
fides of it’s fails move againft the air when it
turns round. In each axle 1s a pin near the
middle of the frame, which goes quite through
the axle, and ftands out a litcle on each fide of 1t:
upan thefepins, the {lider 4 may be made to bear,
and fo hinder the mills from going, when the
ftrong {pring cis et on bend againtt the oppolite
ends of the pins.

Having fet this machine upon the pump-
plate Z L (Fig. 1.) draw up the flider 4 to the
pins on onc fide, and fet the fpring ¢ at bend
upon the oppofite ends of the pins: then pulh
down the flider 4, and the {pring alling equally
ftrong upon each mill, will fet them both a going
with equal forces and velocities: but the mill 2
will run much longer than the mill 4, becaufe the
air makes much lefs refiftance againft the edges
of its fails, than againft the fides of the fails
of &. '

Draw up the flider again, and fet the {pring
upon the pins as before ; then cover the ma-
ching with the receiver M upon the pump-
plate, and having exhauofted the receiver of air,
puih
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pufh down the wire P P (through the coller of
leathers in the neck g) upon the flider; which
will difengage it from the pins, and allow the
mills to turn round by the impulfe of the {pring:
- and as there is no air in the receiver to make an
fenfible refiftance againft them, they will borh
move a confiderable time longer than they did
in the open air; and the moment that one ttops,
the other will do o too.~—This thews that air
refifts bodies in motion, and that equal bodies
meet with different degrees of refiftance, accord-
Ing as they prefent greater or lefs furfaces to the
air, in the planes of their motions.

2, Take off the receiver A4, and the mills ;
and having put the guinea  and feather 3 upon
the brafs flap ¢, turn up the flap, and fhut it ineo
the notch d.  Then, putting a wet leather over
the top of the tall receiver 4B(it being open both
at top and battom) cover it with the plate C,
from which the guinea and feather tongs ¢d will
then hang within the receiver. This done, pump
the air out of the receiver; and then draw up
the wire f a little, which by a fquare piece on its
lower end will open the tongs ¢ d; and the flap
falling down as at ¢, the guinea and feather will
defcend with equal velocities in the receiver ;
and both will fall upon the pump-plate ar the
fame inftant. N, B. In this experiment, the
obfervers ought not to look at the top, butat the
bottom of the receiver; in order to fee the gui-
nea and feather fall upon the plate: otherwife,
on account of the quicknefs of their motion, they
will efcape the fight of the beholders,

Fig, 4.
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11, To fhew the weight of the air.

1. Having fitted a brafs cap, with a valve
tied over it, to the mouth of a thin bottle or
Florence Rafk, whofe contents are exactly known,
ferew the neck of this cap into the hole 7 of the

ump-plate: then, baving exhaufted the air out
of the fafk, and taken it off from the pump, let
it be fufpended at ane end of a balance, and nicely
counterpoifed by weightsin the fcale at the other
end: this done, raife up the valve with a pin, and
the air will rafh into the flatk with an audible
noife : during which time, the Bafk will deicend,
and pull down that end of the beam, - When the
noife is over, put as many grains into the fcale at
the other end as will reftore the equilibrium 3
and they will thew exactly the weight of the
quantity of air which has got into the flafk, and
flled it. If the Aafk holds an exalt quart, it
will be found, that 16 grains will reftore the
equipoife of the balance, when the quickfilver
ftands at 2g% inches in the barometer: which
fhews, that when the air is at a mean rate of den-
fity, a quart of it weighs 16 grains : it weighs
more when the quickfilver ftands higher; and
lefs when it ftands lower.

2. Place the fmall receiver O (Fig, 1.) over the
hole 7 in the pump-plate, and upon exhaufting
the air, the receiver will be fixed down to the
plate by the preflure of the' air on its outfide,
which is left to aét alone, without anyair in the
receiver to at againftit: and this preflure will
be equal to as many times i5 pounds, as there
are fquare inches in that part of the plate which
the receiver covers ; which will hold down the
receiver fo faft, that it cannot be got off; until

5 the
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the air be let into it by turning the cock £; and
then it becomes loofe. -

3. Sec the little glafs 7 B (which is open at
both ends) over the hole ¢ upon the pump-plate
L 1, and put your hand c'ofe upon the top of it
at B then, upon exhaufling the air out of the
glafs, you will find your hand prefied down wich
a great weight upon ic: {o that you can hardly
releafe it, until the air be re-admitied 1nto the
alafs by turning the cock &3 which air, by act-
ing as ftrongly upward againft the hand as the
external air ated in prelling it downward, will
releafe the hand from 1ts confinement.

4. Having tied a piece of wet bladder & over
the open top of the glafs A (which is alfo open at
bottom) fet it to dry, and then the bladder will
be tight ike a drum. Then place the open end
A upon the pump-plate, over the hole 4, and
begin to exhault the air out of the glafs, As
the air is exhaufting, its {pring in the glafs will
be weakened, and give way to the preffure of the
outward air on the bladder, which, asit is pref-
fed down, will puc on a fpherical concave figure,
which will grow deeper and deeper, until the
firength of the bladder be overcome by the
weight of the air; and then it will break with a
report as loud as that of a gun.—If a flat piece
of glafs be laid upon the open top of this re-
ceiver, and joined to it by a flat ring of wet
leather. between them; upon pumping the air
out of the receiver, the preflure of the outward
air upon the flar glafs will break ic all to
pieces. .

5. Immerfe the neck ¢ & of the hollow glals
bail e 4 in water, contained in the phial z¢; then
fet.ig bpon the pamp-plate, and cover it and the
hole ¢ with the clofe receiver 4; and then begin

N 4 )
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to pump out the air, As the air goes out of the
receiver by its fpring, it will alfo by the fame
mceans go out of the hollow ball ¢ 4, through the
neck d¢, and rife up in bubbles to the furface of
the water in the phial; from whence it will make
its way, with the reft of the air.in the receiver,
through the air-pipe GG and valves ¢ and &, into
the open air. When it has done bubbling in
the phial, the ball is fufficiently exhaufted; and
theén, upon turning the cock %, the air will get
into the receiver, and prefs fo upon the furface
of the water in the phial, as to force the water
up into the ball in a jer, through the neck ¢4,
and will 61 the ball almoft full of water, The
reafon why the ball is not quite filled, is becaufe
all the air could not be taken out of it ; and the
{mall quantity that was left in, and had expanded
itfelf {o as to fill the whole ball, is now condenfed
into the fame ftate as the outward air, and re-
mains in a finall bubble at the top of the ball s
and fo keeps the water from filling that part of
the ball.

6. Pour fome quickfilver into the jar D, and
fet it on the pump-plate near the hole 73 then
fet on the tall open receiver 4B, fo as to be over
the jar and hole; and cover the receiver with the
brafs plate C. Screw the open glafs tube fy
(which has a brafs top on itat £) into the fyringe
H, and putting the tube through a hole in the
middle of the plate, fo as to immerfe the lower
end of the tube ¢ in the quickfilver at D, ferew
the end 4 of the fyringe into the plate. This
done, draw up the pifton in the fyringe by the
ring 7, which will make a vacuum in the fyringe,
below the pifton; and as the-upper end of the
tube opens into the {yringe, the air will be di-
lated in the tube, becaufe part of it, by its fpring,
gets
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gets up into the fyringe 3 and the fpring of the
un-dilated 2ir in the receiver ating upon the
furface of the quickfilver in the jar, will force
part of it up into the tube: for the quickfilver
will follow the pifton in the {yringe, in the fame
way, and for the fame reafon, that water follows
the pifton of a common pump when it is raifed
in the pump- barrel; and this, according to fome,
1s done by fuftion. But to refute that erroneous
notion, let the air be pumped out of the receiver
AB, and then all the quickfilver in the tube will
fall down by its own weight into the jar; andcan-
not be again raifed one hair’s breadth in the tube
by working the fyringe: which fhews that fuc-
tion had no hand in raifing the quickfilver; and,
to prove that it is done by preflure, let the air
into the receiver by the cock £ (Fig. 1.) and its
action upon the furface of the quickflver in the
Jar will raife it up into the tube, although the
piften of the fyringe continues motionlefs.—If
the tube be about 32 or 33 inches high, the
quicklilver will rife in it very near as high as it
ftands at that time in the barometer, And, if
the {yringe has a fmall hole, as m, near the top
of it, and the pifton be drawn up above that hole,
the air will ruth through the hole into the fy-
ringe and tube, and the quickfilver will imme-
diately fall down into the jar. If this part of the
apparatus be air-tight, the quickfilver may be
pumped up into the tube to the fame height that
it ftands in the barometer; but it will go no
higher, becaule then the weight of the column in
the tube is the fame as the weight of a column of
air of the fame thicknefs with the quickfilver,
and reaching from the earth to the top of the
atmofphere.

7. Having
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v. Having placed the jar 4, with fome quick-
filver in it, on the pump-plate, as in the laft
experiment, cover it with the receiver B then
puth the open end of the glafs tube 4 ¢ through
the collar of leathers in the brafs neck C (which
it fits fo as to be air-tight) almoft down to the
quickfilver in the jar. Then exhauft the air
out of the receiver, and it will alfo come out of
the tube, becaufe the tube is clofe at top. When
the gauge mm fhews that the receiver is well
exhaufted, puth down the tube, fo as to immerfe
its lower end into the quickfilver in the jar.
Now, although the tube be exhaufted of air,
none of the quickfilver will rife into it, becaufe
there is no air left in the receiver to prefs upon
its furface in the jar. But let che air into the
receiver by the-cock #, and the quickfilver will

. immediately rife in the tube; and ftand as high

in it, as it was pumped up in the laft experi-
ment.

Both thefe experiments thew, that the quick-
filver is fupported in the barometer by the prel-
fure of the air on its furface in the box, in which
the openend of the tube is placed. And that
the more denfe and heavy the air is, the higher
does the quickfilver rife; and, on the centrary,
the thinner and lighter the air is, the more will
the quickllver fail. For if the handle F be
turned ever fo little, it takes fome air out of the
receiver, by railing one or other of the piftons in
its barrel; and confequently, that which remains
in the receiver is fo much the rarer, and has fo
much the lefs fpring and weight; and thereupon,
the quickfilver falls a lirtle in the tube: but
upon turning the cock, and re-admitting the air
into the receiver, it becomes as weighty as be-
fore, and the quickfilver rifes again 1o the {fame
height,
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height.—Thns we fee the reafon why the quick-
filver in the barometer falls before rain or {fnow,
and rifes before fair weather; for, in the former
cafe, the air is too thin and light to bear up the
vapours, and in the latter, too denfe and heavy
ta ler them fall,

N. B. In all mercurial experiments with the
air-pump; a fhort pipe mufl be ferewed into the
hole 7, fo as to rife about an inch above the plate,
to prevent the quickfilver from getting into the
air-pipe and barrels, in cafe any of it fhould be
accidentally {pilt over the jar: forif it once gets
into the pipes or barrels, it {poils them, by
loofening the folder, and corroding the brals.

8. Take the tube out of the receiver, and put
one end of a bit of dry hazel branch, about an
inch long, tight into the hole, and the other end
tight into a hole quite through the bottom of a
{mall wooden cup : then pour fome quickfilver
into the cup, and exhauft the receiver of air, and
the preffure of the outward air, on the furface
of the quickfilver, will force it through the pores
of the hazel, from whence it will delcend in a
beautiful-thower into a glafs cup placed pnder
the receiver to catch it.

. 9. Put a wire through the collar of leathers in

the top of the receiver, and fix a bit of dry wood
on the end of the wire within the receiver; then
exhauft the air, and puth the wire down, fo as to
immerfe the wood into a jar of quickfilver on the
pump-plate; this done, let in the air, and upon
taking the woad out of the jar, and fpliting it,
1ts pores will be found full of quickfilver, which
the force of the air, ypon being let into the re-
geiver, drove into the wood.

10. Join the two brafs hemifpherical caps Zand
B together, with awet leather between them, hav-

ng

Fig, 1e.
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ing a hole in the middle of it; then {crew the
end D of the pipe C D into the plate of the
pump at 4, and turn the cock £, 10 as the pipe
may be open all the way into the cavity of the
hemifpheres : then exhauft the air out of them,
and turn the cock a quarter round, which will
fhut the pipe C 1J, and keep out the air.  This
done, unferew the pipe at D from the pump;
and icrew the piece F'A upon it at D and let
two ftrong men try to pull the hemifpheres afun-
der by the rings g and A, which they will find
hard to do: for if the diameter of the hemi-
{pheres be four inches, they will be prefled to-
gether by the external air with a force equal to
1go pounds. And to fhew that it is the preffure
of the air that keeps them together, hang them
by either of the rings upon the hook P of the
wire in the receiver &/ (Fig. 1.) and upon ex-
haufting the air out of the receiver, they will fall
afunder of themfelves.

11. Place a {mail receiver O (Fig. 1.) near the
hole 7 on the pump-plate, and cover both it and
the hole with the receiver M; and turn the
wire fo by the top P, that its hook may take
hold of the little receiver by a ring at its top,
allowing that receiver to ftand with its own
weight on the plate. Then, upon working the

ump, the air will come out of both receiversy
but the large one M will be forcibly held down
to the pump by the preflure of the external air;
whilft che fmall one O, having no air to prefs up-
on it, will continue loofe, and may be drawn up
and let down at pleafure, by the wire P P, But,
upon letting it quite down to the plate, and ad-
mitting the air into the receiver M, by the cock
k, the air will prefs fo firongly upon the {mall
receiver O, as to fix it down to the plate; and at
4 the
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the fame time, by counterbalancing the outward
preflure on the large veceiver M, it will become
loofe, This experiment evidently fhews, that
the reccivers are held down by preflure, and
not by fuétion, for the internal receiver conti-
nued loofe whilft the operator was pumping, and
the external one was held down; but the former
became faft immediately by letting in the air
upon i,

12. Screw the end A4 of the brafs pipe 4B F
into the hole of the pump-plate, and turn the
cock ¢ until the pipe be open; then put a wet
leather upon the plate ¢d, which is fixed on the
pipe, and cover it with the tall receiver G H,
which is clofe at top: then exhauft the air out
of the receiver, and turn the cack ¢ to keep it
out; which done, unfcrew th e pipe from the
pump, and fet its end 4 into a bafon of water,
and turn the cock ¢ to open the pipe; on which,
as there is no air in the receiver, the preflure of
the atmofphere on the water in the bafon will
drive the water forcibly through the pipe, and
make it play up in a jet to the top of the re-
celver.

13. Set the fquare phial 4 (Fig. 14.) upon the
pump-plate, and having covered it with the wire
cage B, put a clofe receiver over it, and exhauit
the air out of the receiver; in doing of which,
the air will alfo make its way out of the phial
through a fmall hole in its neck under the valve
5. When the air is exhaufted, turn the cock
below the plate, to re-admit the air into the
receiver; and as it cannot get into the phial
again, becaufe of the valve, the phial will be
broke into fome thoufands of pieces by the pref-
fure of the air upon it. Had the phial been
of around form, it would have fuftained this

: preflure
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Prcﬁ"ure like an aych, without brcaking; but as
its fides are flat, it cannot.

To fhew the elafticity or [pring of the air.

14, Tie up a very fmall quantity of air in a
bladder, and put it under a receiver; then exhauft
the air out of the receiver; and the {mall quan-
tity which is confined in the bladder (having ne-
thing to a& againfl it) will expand itfelf fo by
the force of its {pring, as to fill the bladder as
full as it could be blown of common air. ' But
upon letting ‘the air into the receiver again, it
will overpower the air in the bladder, and prefs
irs fides almoft clofe together.

15. If the bladder fo tied up be put into a
wooden box, and have 20 or 30 pound weight
of lead put upon it in the box, and the box be
covered with a clofe receiver 3 upon exhaufting
the air out of the receiver, that air which is con-
fined in the bladder will expand itfelf {o,as toraife
up all the lead by the force of its {pring.

16. Take the glafs ball mentioned in the fifth
experiment, which was left full of water all but
a {mall bubble of air at top, and having fet it
with its neck downward into the empty phial 24,
and covered it with a clofe receiver, exhault the
air out of the receiver, and the fmall bubble of

air in the top of the ball will expand itfelf, fo as

to force all the water out of rhe ball into the
phial.

17. Screw the pipe 4 B into the pump-plate,
place the tall receiver G /7 upon the plate cdy as
in the twelfth experiment, and exhauft the air
out of the receiver ; then, turn the cgck £ to
keep out the air, unfcrew the pipe from the
pump, and fcrew it into the mouth of the copper
veliel
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veflel CC (Fig. 15.) the vefitl having firft been
abour half filled with water. Then open the
cock ¢ (Fig. 11.) and the {pring of the air which
is confined in the copper veflel will force the
water up through the pipe 4 B in a jet into the
exhaufted receiver, as ftrongly as it did by its
preflure on the furface of the water in a bafon, in
the twelfth experiment.

18. If a fowl, a cat, rat, moufe, or bird, be
put under a receiver, and the air be exhaufted,
the animal will be at firft oppreffed as with a
great weight, then grow convulfed, and at laft
expire in all the agonies of a moft bitter and
‘cruel death. But as this experiment is toa
fhocking to every fpeétator who has the leafi de-
gree of humanity, we fubftitute a machine called
the /ungs-glafs in place of the animal.

19. If a burterfly be fufpended in a receiver,
by a fine thread tied to one of its horns, it will fly
about in the receiver, as long as the receiver
continues full of air; but if the air be exhaufted,
though the animal will ot die, and will continue
to flurter its wings, it cannot remove itfelf from
the place where it hangs in the middle of the re-
ceiver, until the air be Jet in again, and then the
animal will fly abour as before.

20. Pourfome quickfilver into the fmall bottle
4, and ferew the brafs collar ¢ of the tube BC
into the brafs neck 4 of the bottle, and the lower
end of the tube will be immerfed into the quick-
filver, fo that the air aboye the quick(lver in the
bottle will be confined there, becaufe it cannot
get out about the j(_)inings, nor can it be drawn
out through the quickfilver into the tube, This
tube is alfo open at top, and 1s to be covered with
the receiver G and large tube £ £, which tube is
fixed by brafs collars to the receiver, and is clofe

at
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at the top.  This preparation being made, ex-
hauft the air both out of the receiver and its
tube; and the- air will by the fame means
be exhaufted out of the inner tube BC, through
its open top at C; and as the receiver and tubes
are exhaufting, the air thatis confined in the glafs
bottle 4 will prefs fo by its fpring upon the
furface of the quickfilver, as to force it up in the
inner tube as high as it was raifed in the ninth
experiment by the preflure of the atmofphere :
which demonftrates that the fpring of the air is
equivalent to its weight.

21. Screw the end C of the pipe C D into the
hole of the pump-plate, and turn all the three
cocks d, G, and H, fo as to open the communi--
cations between all the three pipes E, F, DG,
and the hollow trunk 4 B. Then, cover the
plates g and A with wet leathers, which have
holes in their middle where the pipes open into
the plates; and place the clofe receiver J'upon
the plate g: this done, fhut the pipe F by turn-
ing the cock /), and exhauft the air out of the
receiver I, Then, turn the cock 4 to fhut out
the air, unfcrew the machine from the pump,
and having fcrewed it to the wooden foot L, put
the receiver K upon the plate 4 this receiver
will continue loofe on the plate as long as it
keeps full of air; which it will do until the cock
H be turned to open the communication between
the pipes F and E, through the trunk 4B; and
then the air in the receiver K, having nothing to

-act againtt its fpring, will run from Kinto 7, un-

til it be {o divided between thefe receivers, as to
be of equal denfity in both; and then they will
be held down with equal forces to their plates by
the prefiure of the atmofphere; though each
receiver will then be kept down but with ene

half
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half of preflure upon it, that the receiver I had,
when it was exhaufted of air; becaufe it has now
one half of the common air in it which flled
the receiver K when it was fer upon the plate ;
and therefore, a force equal to half the force of
the fpring of common air, will a& within the
receivers againit the whole preflure of the com-
mon air upon their outfides. This is called
transferring the air out of one veilel into ano-
ther.

22. FPut a cork into the fquare phial 4, and Fiz. 14.
fix it in with wax or cement; put the phial upon
the pump-plate with the wire cage B over it,
and cover the cage with a clofe receiver. The,
exhauft the air out of the receiver, and the air
that was corked up in the phial will break the
phial outwards by the force of its {pring, becaufe
thereis no air left on the outfide of the phial to
at againft the air within it

23. Put a thrivelled apple under a clofe re-
ceiver, and exhauft the air; then the {pring of
the air within the apple will plump it out, fo as
t caufc all the wrinkles difappear ; but upon
]t’.tting the air into the receiver again, to prefs
upon the apple, it will initantly recurn to its
former decayed and fhrivelled flate.

24. Take a frefh ege, and cut off a little of
the fhell and film from its fmalleft end, then put
the ege under a receiver, and pump out the air ;
upon which, all the contents in the egg will be
forced out into the receiver, by the expanfion of
a fmall bubble of air contained in the great end,
between the fhell and film.

25. Put fome warm beer into a glafs, and hav-
ing fet it on the pump, cover it with a clofe re-
ceiver, and then exhauft the air, 'Whilft this is
doing, and thereby the prefiure more and more

O taken
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t.ken off from the beer in the olafs, the air there-
in will expand itfelf, and rife up in innumerable
bubbles to the furface of the beer; and from
thence it will be taken away with the other air in
the receiver. When the receiver is nearly ex-
haufted, the air in the beer, which could not
difentangle itfelf quick enough to get off with
the reft, will now expand itlelf fo, as to caufe
the beer to have all the appearance of boiling 3
and the greateft part of it will go over the
glafs.

26. Put fome warm water into a glafs, and put
a bit of dry wainfcot or other wood into the
water, Then, cover the glafs with a clofe re-
ceiver, and exhauft the air; upon which, the air
in the wood having liberty to expand itfelf, will
come out plentifully, and make all the water to
bubble about the wood, elpecially about the
ends, becaufe the pores lie lengthwife. A cubic
inch of dry wainfcot has fo much air in it, that
it will continug bubbling for near half an hour
together.

Mifcellancons Experiments.

247, Screw the fyringe / (Fig. 8.) to a piece
of lead that weighs one pound at leaft; and,
holding the lead in one hand, pull up the pifton
in the fyringe with the other, then, quitting
hold of the lead, 'the air will pufh it upward,
and drive back the fyringe upon the pifton,
The reafon of this is, that the drawing up of the
pifton makes a vacuum in the fyringe, and the
air, which prefles every way equally, having
nothing to refift its preffure upward, the lead is
thereby prefled upward, contrary to its natural
tendency by gravity. If the fyringe, {0 loaded,
be
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be hung in a receiver, and the air be exhaufted,
the f}‘l‘ingc and lead will defcend upon the pifton-
rod by their natural gravity ; and, upon admit-
ting the air into the receiver, they will be drove
upward again, until the pifton be at the very
bottom of the fyringe.

28. Let a'large piece of cork be fufpended
by a thread at one end of a balance, and coun-
terpoifed by a leaden weight, fufpended in the
fame manner, at the other. Let this balance be
hung to the infide of the top of a large recciver;
which being fet on the pump, and the air ex-
haufted, the cork will preponderate, and thew
itfelf to be heavier than the lead; but upon
letting in the air again, the equilibrium will be
reftored. The reafon of this is, that fince the
air is a fluid, and all bodies lofe as much of their
abfolute weight in it, as is equal to the weight
of their bulk of the fluid, the cork being the
larger body, lofes more of its real weight than
the lead does; and therefore mult in fa&t be
heavier, to balance it under the difadvantage of
lofing fome of its weight : which difadvantage
being taken off by removing the air, the bodies
then gravitate according to their real quantities
of matter, and the cork, which balanced the
lead in air, thews iclelf to be heavier when i
vacuo.

29. Set a lighted candle vpon the pump, and
cover it with a tall receiver. If the receiver
holds a gallan, the candle will burn a minute ;
and then, after having gradually decayed fron
the frft inftant, it will go our: which fhews, thar
a conftant fupply of frefh air is neceffary to feed
flame ; and fo it alfo is for animal life. For a
bird kept under a clofe receiver will foon die,
although no air be pumped out; and it is

02 found
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found that, in the diving-bell, a aallon of air
15 fufficient only for one minute for a man to
breathe in,

The moment when the candle goes out, the
fmoke will be feen to afcend to the top of the
receiver, and there it will form a fort of cloud :
but upon exhaufting the air, the fmoke will fall
down to the bottom of the receiver, and leave it
as clear at the top as it was before it was fet upon
the pump. This thews, that fimoke does not
afcend on account of its being pofitively light,
but becaufe it is ighter than air; and its falling
to the bottom wien the air is taken away,
fhews, that it is not deltitute of weight, So
moft forts of wood alcend or fwim in water; and
yet there are none who doubt of the wood’s
having gravity or weight,

30. Set a receiver, which is open at top, upon
the air-pump, and cover it with a brafs plate,
and wet leather ; and having exhaufted it of air,
let the air in again at top through an iron pipe,
making it pafs through a charcoal flame at the
end of the pipe; and when the receiver is full
of that air, lift up the cover, and let down a
moule or bird into the receiver, and the burnt
air will immediately kill it. If a candle be let
down into that air, it will go out diretly ; bur,
by letting it down gently, it will purify the air fo
far as it goes; and fo, by letting it down more
and more, the flame will drive out the bad air,
and good air will get in.

31. Set a bell upon a cuthion on the pump-
plate, and cover it with a receiver; then {hake
the pump to make the clapper firike againft the
bell, and the found will be very well heard : bur,
exhauft the receiver of air, and then, if the
clapper be made to firike ever {0 hard againft
the
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the bell, it will make no found at all ;s which
fhews, that’ air is abfolately neceffary for the
Propagation of found.

32. Let a candle be placed on one fide of a
receiver, and viewed through the receiver ar
fome diftance ; then, as foon as the air begins to
be exhaufted, the receiver will be filled with va-
pours which rife from the wet leather, by the
fpring of the air in it; and the light of the
candle being refracted through that medium of
vapours, will have the appearance of circles of
various colours, of a faint refemblance to thofe
in the rain-bow.

The air-pump was invented by Ordo Guerick
of Magdebarg, but was much improved by Mr.
Boyle, to whom we are indebted for our greateft
part of the knowledae of the wonderful proper-
ties of the air, demonttrated in the above expe-
riments.

The elaftic air which is contained in many
bodies, and is kept in them by the weight of the
atmofphere, may be got out of them either by
boiling, or by the air-pump, as fhewn in the
25th experiment: but the fixed air, which is by
Mmuch the greater quantity, cannot be got out
but by diftillation, fermentation, or putrefac-
tion.

If fixed air did not come out of bodies with
difficulty, and fpend fome time in extricating
itfelf’ from them, it would tear them to pieces.
Trees would be rent by the change of air from
a fixt, to an elaftic ftate, and animals would be
burft in pieces by the explofion of air in their
food.

Dr. Hales found by experiment, that the air
in apples is fo much condenfed, that if it were
let out into the common air, it would fll a fpace

Q 3 48
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48 times as great as the bulk of the apples them-
felves; fo that its preflure outwards was equal
to 11776 lb, and, in a cubic inch of oak, tq
19§60 lb, againt its fides. So that if the air
was let loofe at once in thefe fubftances, they
would tear every thing to pieces about them
with a force fuperior to that of gunpowder.
Hence, in eating apples, it is well that they part
with the air by degrees, as they are chewed, and
ferment in the ftomach, otherwife an apple
would be immediate death to him who eats it.

The mixing of fome fubftances with others
will releafe the air from them, all of a fudden,
which may be attended with very great danger.
Of this we have a remarkable inftance in an ex-
periment made by Dr. Slare; who having put
half a dram of oil of carraway-feedsinto one glafs,
and a dram of compound fpirit of nitre in ano-
ther, covered them both on the air-pump with a
receiver fix inches wide, and eight inches deep,
and then exhaufted the air, and continued pump-
ing until all that could poffibly be got both out
of the receiver, and out of the two fluids, was
extricated : then, by a particular contrivance
from the top of the receiver, he mixed the
fluids together; upon which they produced
fuch a prodigious quantity of air, as inftantly
blew up the recciver, although it was prefled
down by the atmofphere with upwards of 400
pound weight. :

N. B. In the 28th Experiment, the cork muft
be covered all over with a piece of thin wet
bladder glued to it, and not ufed until it be
thoroughly dry. ‘

L.EC T,
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LLECT. VIII
Of Optics.

IGHT confifts of an inconceivably great

number of particles flowing from a lumi-
nous body in all manner of diretions ; and thefe
particles are fo fmall, as to furpafs all human
comprehenfion.

That the number of particles of light is in-
conceivably great, appears from the light of a
candle ; which, if there be no obftacle in the
way to obftrut the paffage of its rays, will fill
all the {pace within two miles of the candle every
way, with luminous particles, before it has loft
the leaft fenflible part of its fubftance.

A ray of light is a continued ftream of thefe
particles, flowing from any vifible body in a
ftraight line: and that the particles themfelves
are incomprehenfibly fmall, is manifeft from the
following experiment. Make a fmall pin-hole
in a piece of black paper, and hold the paper
upright on a table facing a row of candles ftand-
ing by one another ; then place a fheet of pafte-
board at a litele diftance behind the paper, and
fome of the rays which flow from all the candles
through the hole in the paper, will form as many
fpecks of light on the pafteboard, as there are
candles on the table before the plate : each {peck The ama-
being as diftin@ and clear, as if there was pnly zvg
one {peck from one fingle candle: which thews 2‘?3:;“95
that the particles of light are exceedingly fmall, particlfes
otherwife they could not pafs through the hole of light.
from fo many different candles withour confu-
fion.—Dr. Niewenty? has computed, that there
flows more than 6,000,000,000,000 times as

O 4 many
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many particles of light from a candle in one
{econd of rime, as there are grains of fand in the
whele earth, {uppofing each cubic inch of it to
contain 1,000,000,

Thefe particles, by falling direétly upon our
eyes, excite in our minds the idea of light.
And when they fall upon bodies, and are thereby
reflected to our eyes, they excite in us the ideas
of thefe bodies. And as every point of a vifible
body reflects the rays of light in all manner of
directions, every point will be vifible in every
part to which the light is refleted from it.
Thus the object 4 C 5 is vifible to an eye in any
part where the rays A4, Abydc, Ad, Ae, B a,
Bb,Be, Bd, Be, andCa, Cb, Cc, Cd, Ce,
come. [Iere we have thewn the rays as if they
were only refleCted from the ends A4 and B, and
from the middle point C of the objeét ; every
other point being luppofed to reflect rays in the
{fame manner. So that wherever a fpetator is
placed with regard to the body, every point of
that part of the furface which is towards him will
be vilible, when no intervening object ftops the
patlage of the light,

As no object can be feen through the bore
of a bended pipe, it is evident that the rays of
light move in {traight lines, whillt there is no-
thing to refract or turn them out of their redi-
lineal courfe, -

While the rays of light continue in any * me-
dium of an uniform denfity, they are firaight;
but when they pals obliquely out of one medium
into another, which is either more denfe or morg

* Any thing through which the rays of light can pafs, is
called a medium ; -as air, water, glafs, diamond, or even
a vacuum.

rare,
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rare, they are refratted towards the denfer me-
dium : and. this refraction is more or lefs, as the
rays fall more or lefs obliquely an the refrating
{urface which divides the mediumsg,

To prove this b} experiment, fet the empty Fig. -2,
vellel ABC D intoany place where the fun (hines
obliquely, and obferve the part where the
fhadow of the edge B C falls on the bottom of -
the veflel ar £; then fll the vellel with water,
and the fhadow. will reach no farther than e;
which fhews, that the ray 4 R E, which came .
ftraight in the open air, juft over the edge of the
veflel at B to its bottom at E, is refracted by
falling obliquely on the furface of the water at Refrsdled
B and inftead of going on in the re@ilinezl di- light.
reftion ¢ B E, it is bent downward in the water
from B to ¢; the whole bend being at the furface
of the water: and o of all the other rays
ab e

If a ftick be laid over the veffel, and the fun’s
rays be reflected from a glafs perpendicularly
into the veflel, the thadow of the fick will fail
upon the {fame part of the bottom, whether the
veflel be empty or full, which fhews, that the
rays of light are not refracted when they fall
perpendicularly on the furface of any medium,

The rays of light are as much refracted by
pafling out of water into air, as by pafling out of
alt inta water. Thus, if a ray of light fows
from the point ¢, under water, in the direction
¢ B3 when it comes to the furface of the water at
B, it will not go on thence in the recilineal
courfe B d, but will be refracted into the line 5 o,
Therefore, :

To an eye at ¢ looking through a plane glafs
in the bottom of the empty veflel, the point g
cannot be feen, becaufe the fide B¢ of the velie]

inter-
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interpofes 5 and the point 4 will juft be feen over
the edge of ‘the veffel at B, But if the veffel be
filled with water, the point « will be feen frome ;
and will appear as at 4, elevated in the diretion
of the ray e B *. '

The time of fun-rifing or fetting, fuppofing
its rays fuffered no refra¢tion, is eafily found by
calculation. But obfervation proves that the
fun rifes fooner, and fets later every day than the
calculated time ; the reafon of which is plain,
from what was faid immediately above. For,
though the fun’s rays de not come part of the
way to us through water, yet they do through the
air or atmolphere, which being a groffer medium
than the free {pace between the fun and the top
of the atmofphere, the rays, by entering ob-
liquely into the atmofphere, are there refratted,
and thence bent down to the earth. And al-
though there are many places of the earth to
which the fun is vertical at noon, and confe-
quently his rays can fuffer no refradtion at that
time, becaufe they come perpendicularly through
the atmofphere : yet there is no place to which
the fon’s rays do not fall obliquely on the top of
the atmofphere, at his rifing and fetting; and
confequently, no clear day in which the fun will
not be vifible before he rifes in the horizon, and
after he fets init : and the longer or thorter, as
the atmofphere is more or lefs replete with va-
pours. 'For, let 4 B C be part of the earth’s
furface, D E F the atmofphere that covers it,

* Hence a piece of money lying at ¢, in the bottom of an
empty veflel, cannot be feen by an eye at a, becaufe the edge
of the veffel intervenes;  bat let the veflel be filled with
water, and the ray e « being then refrafted at B, will flrike
the eye at a, and fo render the money vifible, which will
appear as if it were raifed up to £ in the line @ B f,

and
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and E B G H the fenfible horizon of an obferver
at B.  As every point of the fun’s {urface fends
out rays of light in all manner of diretions,
fome of his rays will conftantly fall upon, and
enlighten, fome half of the atmofphere; and
therefore, when the fun is at J, below the hori-
zon H, thofe rays which go on in the free fpace
T k K preferve a recilineal courfe until they fall
upon the top of the atmofphere; and thofe
which fall fo about K, are refracted at their
entrance into the. atmolphere, and bent down
in the line K m B, to the obferver’s place at B :
and therefore, to him, the fun will appear at L,
in the direétion of the ray B m K, above the hori-
zon B G H, when he is really below it at 7,

The angle contained between a ray of light,
and a perpendicular to the refracting furface, is
called the angle of incidennce ; and the angle cons Augle o
tained between the fame perpendicular, and the #neidence.
fame ray after refraltion, is called zhe angle of
refraftion.  Thus, let L B M be the refraCting pig, .,
furface of a medium (fuppofe water) and A4 B C Argle of
a perpendicular to that furface; lec D B be a rofradion.
ray of light, going out of air into water at B,
and therein refracted in the line B H 5 the angle
AB D, is the angle of incidence, of which D F
1s the fine ; and the angle K B H is the angle of
refraétion, whofe fine is X 1.

When the refratting medium is water, the
fine of the angle of incidence is to the fine of
the angle of refra&tion, as 4 to 3 ; whichis con-
firmed by the following experiment, taken from
Doétor SmiTH’s Optics.

Defcribe the circle D 4 E C on a plane {quare
board, and crofs it at right angles with the
ftraight lines 4 B C, and L B M ; then, from
the interlection, A, with any opening of the com-

' pailes
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pafles, fet off the equal arcs 4D and 4 E, and
draw the right line D F E : then, taking 7' g4
which is three quarters of the length F E, from
the point ¢, draw ¢ 7 parallel to 4 B K, and
join K I, parallel to B M: fo K T will be equal
to three quarters of F £ orof D F. This done,
fix the board upright upon the leaden pedeftal
0, and ftick three pi licularly into the
board, at the peints D,:8, and /: then fet the
beard uprightinto the veflel 77 U 7, and fill up
the veflel with water to the line 7. B AZ. When
the water has fettled, look along the line D B,
fo as you may fee the head of the pin B over the
head of the pin D; and the pin / will appear in
the fame right line produced to G, for its head
will be feen juft over che head of the pin at B:
which fhews that the ray I B, coming from the
pin at Z, is fo refracted at B, as to proceed from
thence in the line B:D to the eye of the obferver;
the fame as it would do from any point G in the
right line D B G, if there were no water in the
veflel : and alfo (hews that K I, the fine of re-
fraction in water, is to D F, the fine of inci-
dence in air, as.3 to 4*

Hence, if D B H were a crooked ftick put
obliquely into the water, It would appear a
firaight one, as D B G.  Therefore, as the line
B H appears at B G, fo the line B G will appear
at B g ; and confequently, a ftraight ftick D B G
put obliquely into water, will feem bent at the
furface of the water in B, and crooked, as
DB g !

When a ray of light paffes out of air into
glafs, the fine of incidence is to the fine of re-

Jins perpend

* This is firifily true of the red rays only, for the other
coloured raysare differently refracted; bur the difference is
fo {mall, thas it need not be copfidered in this pla':f_-, -
fra&tion,
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frattion, as 3 'to 23 and when out of air idto a
diamond, as 5 to 2.

Glafs may be ground into eight different ig. 5.
fhapes at leaft, for optical purpofis, viz.

1, A plane glofs, which is fat on both fides,
and of equal thicknefs in all its parts, as 2.

2. A plano convex, which is Aat on one fide, Lenfs.
and convex on the other, as B.

3. A double convex, which is convex on both
fides, as C.

4. A plano-concave which is flat on one fide,
and concave on the other, as D.

5+ A double-concave, which is concave on both
fides, as E.

6. A menifeus, which is concave on one fide,
and convex on the other, as F.

7. A flat plano-conver, whofe convex fide is
ground into feveral lictle flat furfaces, as G.

8. A prifm, which has three flat fides, and
when viewed endwife, appears like an equilateral
triangle, as A,

Glaffes ground into any of the thapes B, C, D,
E, F, are generally called Zenjes.

A right line L I'K, going perpendicularly
through the middle of a lens, is called ke awis
of the lens.

A ray of light G b, falling perpendicularly on
a plane glafs £ F, will pafs through the glafs Fig, 6.
in the fame direction 4 4, and go out of it 1nto
the air in the fame right courfe 7 /7.

A ray of light 4 B, falling obliquely on a
plane glafs, will go out of the glafs in the fame
direction, but not in the fame right line ; for in
touching the glafs, it will be refraced in the
line B C, and in leaving the glafs, 1t will be re-
fracted in the line C D.

A ray
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A ray of light C D, falling obliquely on thé
middle of a convex glafs, will go forward in the
fame diretion D E, asif it had fallen with the
fame degree of obliquity on a plane glals; and
will go out of the glafs in the fame direction
with which it entered : for it will be equally re-
fracted at the points D and Z, as if it had pafled
through a plane furface. But the rays CG and
C I will be {o refradted, as to meet again at the
point I Therefore, all ‘the 'rays which flow
from the point C, fo as to go through the glafs,
will meet again at F'; and if they go farther
onward, as to L, they crofs at F, and go for-
ward on the oppofite fides of the middle ray
CD E F, to what they were in approaching it in
the directions H F and K F.

When parallel rays, as A B C, fall direltly
upon a planc-convex glafs D E, and pals through
it, they will be fo refraéted, as to unite in a
point f behind it: and this point is called the
principal focus : the diftance of which, from the
middle of the glafs, is called the fecal diffance s
which is equal to twice the radius of the fphere
of the glafs’s convexity. And, :

When parallel rays, as 4 B G, fall direétly
upon a glafs D E, which is equally convex on
both fides, and pals through it 3 they will be fo
refrated, as to meet in a point or principal focus
f, whofe diftance is equal to the radius or {femi-
diameter of the fphere of the glafs’s convexity.
But if a glafs be more convex on onie fide than
on the other, the rule for finding the focal
diftance is this 5 as the fum of the feridiameters
of both convexities is to the femidiameter of
either, fo is double the femidiameter of the
other to the diftance of the focus. Or, divide
the
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the double produét of the radii by their fum,
and the quatient will be the diftance fought,

Since all thofe rays of the fyn which pafs
through a convex glafs are colleGed together
in: its focus, the force of all their heat is col-
leéted into that part; and is in proportion to
the common heat of the fun, as the area of the
glafs is to the area of the focus. Hence we fee
the reafon why a convex glafs caufes the fun’s
rays to burn after paffing through it.

All thefe rays crofs the middle ray in the fo-
cus f,.and then diverge from it, to the contrary
fides, in the fame manner Ff G, as they con-
verged in the fpace D f E in coming to it,

If another glafs £ G, of the fame convexity
as D E, be placed in the rays at thé fame dif
tance from the focus, it will refract them fo,
as that afier going out of it, they will be ali
parallel, as ¢ é¢ 5 and go on in the {ame man-
ner as they came to the firft glafs D Z, through
the fpace 4 B C; but on the contrary fides of
the middle ray B £ 4: for the ray 4D f will go
on from f in the direGtion £ G a, and the ray
C E fin the direftion £ F ¢ 3 and fo of the reff,

The rays diverge from any radiant point, as
from a principal focus : therefore, if a candle
be placed at £, in the focus of the convex glafs
£ G, the diverging rays in the Ipace ¥ £ G will
be fo refracted by the glals, as, that after going
out of it, they will become parailel, as fhewn
in the fpace ¢ % 4,

If the candle be placed nearer the glafs than
its focal diftance, the rays will diverge after
pafling through the glafs, tmore or lefs, as the
candle is more or lefs diftant from the focys.

If the candle be placed farther from the glafs
than its focal diftance, the rays will converge

after
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after pafling through the glafs, and meet in a
point which will be more or lefs diftant from the
glafs, as the candlé is nearer to, or farther from
its focus 3 and where the rays meet, they will
form an inverted image of the flame of the
candle ; which may be feen on a paper placed
in the meeting of the rays.

Hence, if any objeét 4 B C be placed beyond
the focus ¥ of the convex glafs 4 ¢ f, fome of
the rays which flow from every point of the
object, on the fide next the glafs, will fall upon
it, and after paffing through it, they will be
converged into as many points on the oppofite
fide of the glafs, where the image of every point
will be formed : and confequently, the image
of the whole object, which will be inverted.
Thus, the rays 4d, Ae, Af, flowing from the
point 4, will converge in the fpace d 4 f, and by
meeting at 4, will there form the image of the
point 4. The rays Bd, Be B f, flowibg from
the point B, will be united at & by the refrac-
tion of the glafs, and will there form the image
of the point B. And the rays Cd, Ce, Cf,
flowing from the point C, will be united at ¢,
where they will form the image of the point C.
And fo of all the other intermediate points be-
tween 4 and €. The rays which flow from
every particular point of the objett, and are
united again by the glafs, are called pencils of
rays.

If the objelt 4 B C be brought nearer to the
glafs, the pi€ture a » ¢ will be removed to a
greater diftance. For then, more rays flowing
trom every fingle point, will fall more diverging
upon the glafs; and therefore cannot be fo foon
collected into the correfponding points behind
it.  Confequently, if the diftance of the object
ABC
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4 B C be equal to the diftance ¢ B of the focus E’.m}fw'
of the glafs, the rays of each pencil will be fo %" *
refracted by pafling through the glafs, that they
will go out of it parallel to each other; a5 4 E
e i, f b, from the point C3 4G, ¢ K, fD,
from the point By and d X, ¢ E, f L, from the
point .7: and therefore, there will be no pic-
ture formed behind the glafs,

If the focal diftance of the glafs, and the
diftance of the obje from the glafs, be known,
the diftance of the piGure from the glafs may
be found by this rule, viz. multiply the diftance
of the focus by the diftance of the object, and
divide the produtt by their difference ; the
quotient will be the diltance of the picture,

The picture will be as much bigger or lef; Fig. 1.
than the object, as its diftance from the glafs is
greater or lefs than the diftance of the object.
For,as Be isto ¢4, fois #4C toca So that
if 4BC be the objed, ¢ 44 will be the picture
or, if ¢4 a be the object, 4 B C will be the
picture,

Having defcribed how the rays of light, The man-
flowing from objeéts and paffing through con- Ef;"f -5
vex glaffes, are colleéted into points, and form ™

the images of the obje@s ; it will be eafy to un-
derftand how the rays are affetted by pafling
through the humours of the eye, and are there-
by colleted into innumerable poiuts on the bot-
tom of the eye, and thereon form the images of
the objets which they fow from. For, the
different humours of the cye, and particularly
the chryflalline humour, are to be confidered
asa convex glafs; and the rays in pafling
through them to be affected in the fame manper
as in pafling through a Pconvex glafs,

The
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The eye is nearly globular. It confifts of
three coats and threc humours. The part
DHHG of the outer caat, is called the jele-
7otica, the reft D E F G the cornea. ext with-
in this coat is that called the choreides, which
ferves as it were for a lining to the other, and
joins with the iris m s, m s The iris is com-
pofed of two fets of mulcular fibres; the one of
a circular form, which contraéls the hole in the
middle called the pupi/, when the light would
otherwife be too firong for the eye; and the
other of radial fibres, tending every where from
the circumference of the iris towards the middle
of the pupil ; which fibres, by their contraétion,
dilate and enlarge the pupil when the light is
weak, in order to let in the more of its rays.
The third coat is only a fine expanfion of the
optic nerve L, which fpreads like net-work all
over the infide of the choroides, and is therefore
called the #efing 3 upon which are painted (as it
were) the images of all vifible objects, by the
rays of light which either flow or are reflefted
from them.

Under the cornea is a fine tranfparent fluid
like water, which is therefore called the aqueons
bumenr. - It gives a protuberant figure to the
cornea, fills the two-cavities m m and # #, which
communicate by the pupil P, and has the fame
limpidity, fpecific gravity, and refraétive power
aswater. At the back of this lies the ckryfalline
bumonr I I, which is fbaped like a double con-
vex glafs; and is a little more convex on the
back than the fore-part. It converges the rays,
which pafs through it from every vifible object
to its focus at the bottom of the eye. This
humour is tranfparent like chryftal; is much of
the confiftence of hard jelly, and exceeds the

{pecific
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ipecific gravity of water in the proportion of
11 to 10, It is inclofed in a fine tranfparent
membrane, from which proceed radial fibres
0 0, called the ligamentum ciliare, all around its
edge ; and join to the circumference of the iris.
Thefe fibres have a power of contracting and
dilating occafionally, by which means they alter
the fhape or convexity of the chryftalline hu-
mour, and alfo fhift it a lictle backward or for-
ward in the eye, fo as to adapt its focal diftance
at'the bottom of the eye to the different diftances
of objeéts 3 without which provifion, we could
only fee thofe objeéts diftinétly, that were all at
one diftance from the eye.

At the back of the chryftalline, lies the virre-
ous bumour K K, which is tranfparent like glafs,

and is largeft of all in quantity, filling the whole |

orb of the eye, and giving it a globular fhape.
It is much of a confiftence with the white of an
egg, and very little exceeds the fpecific gravity
and refractive power of water.

As every point of an objet 4 B C fends out
rays in all dire@lions, fome rays, from every
point on the fide next the eye, will fall upon
the cornea between % and #'; and by pafiing on
through the humours and pupil of the eye,
they will be converged to as many points on
the retiga or bottom of the eye, and will thereon
torm a diftin& inverced picturc ¢ 4 @ of the ob-
jeét.  Thus, the pencil of rays g » s that flows
from the point # of the objeét, will be con-
verged to the point z.on the retina; thofe from
the point B will be converged to the point 23
thofe from the point € will be converged to the
point ¢ ; and fo of all the intermediate points ; by
which means the whole image @ & ¢ 1s formed,
and ‘the object made vifible 5 although it muft

P2 be
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be owned, that the method by which this fenfa-
tion is carried from the eye by the optic nerve to
the common fenfory in the brain, and there
difcerned, is above the reach of our compre-
henfion.

But that vifion is effeCted in this manner,
may be demonftrated experimentally. Take a
buliock’s eye whilft it is frefh, and having cut
off the three coats from the back part, quite
to the vitreous humour, put a piece of white
paper over that part, and hold the eye towards
any bright objeét, and you will fee an inverted
pitture of the object upon the paper.

Seeing the image is inverted, many have
wondered why the object appears upright. But
we are to confider, 1. That inversed 1s only a
relative term : and 2. That there is a very great
difference between the real obje and the means
or image by which we peiceive it. When all
the parts of a diftant profpet are painted upon
the retina, they are all right with refpeét to one
another, as well as the parts of the profpect
itfelf; and we can only judge of an objeét’s
being inverted, when it is rurned reverfe to its
natural pofition, with refpet to other objeéts
which we fee and compare it with.—If we lay
hold of an upright ftick in the dark, we can tell
which is the upper or lower part of it, by mov-
ing our hand upward or downward ; and know
very well that we cannot feel the upper end by
moving our hand downward. Juft fo we find
by experience, that upon direfting our eyes
towards a tall object, we cannot fee its top by
turning our -eyes downward, nor its foot by
turning our eyes upward; but muft trace the
objeét the fame way by the eye to fee it from
head to foot, as we do by the hand to feel it 5

: 6 and
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and as the judgment is informed by the motion
of the hand in one cafe, fo it is alfo by the mo-
tion of the eye in the other,

In Fig. 4. is exhibited the manner of feeing pjq .
the fame objec 4 B C, by both the eyes D and
E at once.

When any part of the image ¢ 4 @ falls upon
the optic nerve L, the correfponding part of
the objeé becomes invifible. On which ac-
count nature has wifely placed the optic nerve
of each eye, not in the middle of the bottom of
the eye, but towards the fide next the nofe ; fo
that whatever part of the image falls upon the
optic nerve of one eye, may not fall upon the
optic nerve of the other. Thus the point # of
the image ¢ 4 2 falls upon the opric nerve of the
eye D, but not of the eye E; and the point e
falls upon the optic nerve of the eye E, but not
of the eve D : and therefore to both eyes taken
together, the whole objeét 4 B C is vifible.

The nearcr that any object is to the eye, the pyy,
larger is the angle under which it it feen, and XVIL
the magnitude under which it appears. Thus Fig. 1
to the eye D, the obje@ 4 B C is feen under the
angle 4 P C; and its image ¢ & 4 is very large
upon the retina : but to the eye E, at a double
diftance, the fame object is feen under the angle
A p C, which is equal only to half the angle
A P C, as is evident by the figure. The image
¢ & ais likewife twice as large in the eye D, as
the other image ¢ 4 4 is in the eyc £, In both
thefe reprefentations, a part of the image falls
on the optic nerve, and the objet in the corre-
fponding part 1s invifible.

As the fenfe of feeing is allowed to be occa-
fioned by the impulfe of the rays from the vifible
object upon the retina of the eye, and forming

P 3 the
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diftance, becaufe they cannot appear under any
fenfible angle. The method of viewing fuch
minute ob]efts is by a microfcope, of which there
are three forts, viz. the fingle, the double, and
the folar.

The fingle microfcope, i3 only a {mall convex
glafls, as¢ d, having the objet @ & placed in its
focus, and the eye 'u: the fame diftance on the
other fide ; fo that the rays of each pencil, flow-
ing from every point of the object on the fide
next the glafs, may go on parailel in the {pace
between the eye and the glafs; and then, by
entering the eye at G, thLY will be converged
to as many different points on the retina, and
form a large inverted pitture 4 B upon ir, as
in the ﬁ"ﬂure

To find how much this glafs magnifies, di-
vide the leaft diftance (which is about fix inches)

at which an objeét can be feen diftinétly with
the bare eye, by the focal diftance of the glafs;
and the quotient will fhew how much the glafs
magnifies the diameter of the objeét.

The double or compound microftope, confills of
an object-glafs ¢ 4, and an eye glafs ¢ f.  The
{mall object 4 & is plu:ul at a lictle greater difs
tance from the glafs ¢ 4 than its principal focus,
fo that the penuls of rays Bowing from the dif-
ferent points of the objedt, and paffing through
the glafs, may be made to converge and unite
in as many points between g and b, where the
image of the obje@ will be formed: which
image is viewed by the eye through the eye-
glsisef For the eye-glafs being fo placed,
that the image g 4 may be in its focus, and the
eye much about the [ame diftance on the other
fide, the rays of each pencil will be parallel,
after going out of the eye-glafs, as at ¢ and f,
il
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till they come to the eye at %, where they will
begin to converge by the refradtive power of
the humours; and after having croffed each
other in the pupil, and pafied through the chryf-
talline and vitreous humours they will be col-
lected into points on the retina, and form the
large inverted image 4 B thereon.

The magnifying power of this microfcope is
as follows. Suppofe the image g b to be fix
times the diftance of the obje& 4 # from the
object-glafs ¢ 43 then will the image be fix times
the length of the objeét: but fince the image
could not be feen diftinétly by the bare eye at
a lefs diftance than fix inches, if it be viewed
by an eye-glafs ¢ f, of one inch focus, it will
thereby be brought fix times nearer the eye;
and confequently viewed under an angle fix times
as large as before ; {o that it will be again mag-
nified {ix times ; that is, fix times by the objeét-
glafs, and fix times by the eye-glafs, which mul-
uplied into one another, makes 26 times ; and
fo much is the objeé& magnified in diameter more
than what it appears to the bare eye ; and confe-
quently 36 times 36, or 1296 times in furface.

But becaufe the extent or field of view is
very fmall in this microfcope, there are gene-
rally two eye-glaffes placed fometimes clofe
together, and fometimes an inch afunder; by
which means, although the objet appears lefs
magnified, yet the vifible area is much enlarged
by the interpofition of a fecond eye-glafs ; and
confequently a much pleafanter view is ob-
tained.

The folar microfcope, invented by Dr. Li. Fig. 7.
berkhun, 1s conftrudted in the following manner, The folar
Having procured a very dark room, let a round ™i¢"okpe
hole be made in the window-fhutter, about three
| ' inches
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inches diameter, throngh which the formay caft
a cylinder of rays 4 4 into the room. In this
hole, place the end of a tube, containing two
convex glaffes and an objeét, viz. 1. A convex
glafs @ @, of about two inches diameter, and
three inches focal diftance, is to be placed in
that end of the tube which is put into the hole.
2. The objed & &, being put between two glaffes
(which muft be concave to hold it at liberty) is
placed about two inches and a half from the glafs
a 6. 3. A little more than a quarter of an inch
from the objet is placed the fmall convex glafs
¢ ¢, whofe focal diftance is a quarter of an inch.

The tube may be fo placed, when the fun is
low, that his rays A4 4 may enter direétly into
it : buc when he is high, his rays B B muft be
refleted into the tube by the plane mirrour or
looking-glafs C C.

Things being thus prepared, the rays that
enter the tube will be conveyed by the glafs 2
towards the object & &, by which means it will
be ftrongly illuminated; and the rays 4 which
flow from it, through the magnifying glafs ¢ ¢,
will make a large inverted picture of the objeét
at D D, which, being received on a white paper,
will reprefent the objeét magnified in length, in
proportion ‘of the diftance of the pitture from
the glafs ¢ ¢, to the diftance of the objedt from
the fame glafs, Thus, fuppofe the diftance of the
object from the glals to be .3, parts of an inch,
and the diftance of the diftinét pi¢ture to be 12
feet or 144 inches, in which there are 1440 tenths
of an inch ; and this number divided by 3 tenths,
gives 480 ; which is the number of tumes the
picture is longer or broader than the objeét ; and
the length muliiplied by the breadth, fhews how
much the whole furface is magnified.

Before
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Before we enter upon the defcription of tele- Tilefeopes,
fcopes, it will be proper to fhew how the rays
of light are affe@ed by pafling through concave
glafles, and allo by falling upon concave mir-
rours.

When parallel rays, as ¢ 2 ¢ d ¢ [ g b, pafs PLace,
diretly through a glafs 4 B, which is equally XVIIL
concave on both fides, they will diverge after fige 1
pafling through the glafs, as if they had come
from a radiant point C, in the center of the
glafs’s concavity ; which point is called the ne-
gative or virtual focus of the glafs. Thus the
ray a, after pafling through the glafs 4 B, will
g0 on in the direftion £/, as if it had proceeded
trom the point C, and no glafs been in the way,

The ray 4 will go on in the direction n; the

ray ¢ in the direftion ¢ p, &c.—The ray C.
that falls directly upon the middle of the glafs,
fuffers no refraction in pafling through it; buc
goes on in the fame redilineal direttion, as if
no glafs had been in its way.

If the glafs had been concave only on one
fide, and the other fide quite plane, the rays
would have diverged, after pafling through 1,
as if they had come from a radiant point at
double the diftance of € from the glafs ; that is,
as if the radiant had been at the diftance of a
whole diameter of the glafs’s concavity.

If rays come more converging to {uch a glafs,
than parallel rays diverge after paffing through
it, they will continue to converge after pafling
through it ; but will not meet fo foon as if no
glafs had been in the way; and will incline
towards the fame fide to which they would haye
diverged, if they had come parallel to the glafs.
Thus the rays f and b, going in a converging
ftate towards the edge of the glals at B, and

con-




Tig. 2,

Of Optics.

converging more in their way to it thau tne pi-
rallel rays diverge after paffing through it, they
will go on converging after they pafs through
it, though in a lefs degree than they did before,
and will meet at I: but if no glafs had been in
their way, they would have met at 7.

When the parallel rays,as d fa, Cm b, e /¢,
fall upon a concave mirror A4 B (which is not
tranfparent, but has only the furface 4 & B of
a clear polifh) they will be refletted back from
that mirror, and meet in a point m, at half the
diftance of the furface of the mirror from C,
the center of its concavity: for they will be
refle€ted at as great an angle from the perpendi-
cular to the furface of the mirror, as they fell
upon it, with regard to that perpendicular ; but
on the other fide thereof. Thus, let C be the
center of concavity of the mirror 44 B, and
let the parallel rays df @, Cm b, and ¢ I ¢, fall
upon it at the points ¢ 4, and ¢. Draw the
lines Ci a4, Cm b, and C b ¢, from the center C
to thefe points; and all thefe lines will be per-
pendicular to the furface of the mirror, becaufe
they proceed thereto hike fo many radii or {pokes
from its center. Make the angle € 4 -equal
to the angle 42 €, and draw the line a m &,
which will be the direétion of the ray 4 f a, after
it is refleted from the point & of the mirror:
{o that the angle of incidence 4 2 C, is equal to
the angle of refleCtion C 4 b3 the rays making
equal angles with the perpendicular C7 ¢ on its
oppolite fides.

" Draw alfo the perpendicular € 5 ¢ to the point
¢, where the ray ¢ / ¢ tooches the mirror; and,
having made the angle C ¢ 4, equal to the angle
C ¢e, draw the line ¢ m 4, which will be the
courfe
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courfe of the ray e /¢, after it is reflected from
the mirror,

The ray Cm & pafies through the center of
concavity of the mirror, and fals upon it} at
4, the perpendicular to it; and is therefore re-
flected back from it in the fame line & m C,

All thefe refletted rays meet in the point "y
and in that point the image of the body which
emits the parallel rays d a, C &, and ¢ ¢, will be
formed : which point is diftant from the mir-
ror equal to half the radius 4 m C of its con-
cavity.

The rays which proceed from any celeftial
object may be efteemed parallel at the earch
and therefore, the images of that object will be
formed at m, when the reflecting furface of the
concave mirror is turned direétly towards the
object. Hence, the focus m of parallel rays
is not in the center of the mirror’s concavity,
bur half way between the mirror and that
center.

The rays which proceed from any remote
terreftrial object, are nearly parallel at the mir-
ror; not ftrictly fo, but come diverging to it,
in feparate pencils, or, as it were, bundles of
rays, from each point of the fide of the obje&t
next the. mirror: and therefore they will not
be converged to a point, at the diftance of half
the radius of the mirror’s concavity from its
refleting furface ; but into feparate points at a
little greater diftance from the mirror. And
the nearer the object is to the mirror, the far-
ther thefe points will be from ir; and an in-
verted image of the objeét will be formed ip
them, which will feem to hang pendent in the
air; and will be feen by an eye placed beyond
% (with regard to the mirror) in all relpeéts

' like
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like the object, and as diftinét as the objet
itfelf.

Let A ¢ B be the refle&ting furface of a mir-
ror, whofe center of concavity is at '€ and
let the upright objet D £ be placed beyond the
center ‘G, and fend out a conical pencil of di-
verging rays from its upper extremity D, to
every point of the concave furface of the mir-
ror A ¢ B. But to avoid confufion, we only
draw three rays of that pencil, as D 4, Dy,
D B,

From the center of concavity C, draw the
three right-lines C 4, C¢, C B, touching the
mirror in the {ame points where the forefaid
rays touch its and all thefe lines will be per-
pendicular to the furface of the mirror. Make
the angle C A d equal to the angle D A C, and
draw the right line A d for the courfe of the
refle@ed ray D A: make the angle C ¢ 4 equal
to the angle D ¢ C, and draw the right line ¢4
for the courfe of the reflefted ray D 4: make
alfo the angle C B d equal to the angle D B C,
and draw the right line B 4 for the courfe of the
refleéted ray D B. Al thefe reflected rays will
meet in the point 4, where they will form the
extremity 4 of the inverted image ¢ d, fimilar to
the extremity D of the upright cbjett D E.

If the pencils of rays £ f; £pg, E b bealfo
continued to the mirror, and their angles of re-
flection from it be made equal to their angles of
incidence upon it, as in the former pencil from
D, they will all meet at the point ¢ by reflection,
and form the extremity ¢ of the image ¢ 4, {imi-
lar to the extremity E of the objeét D E.

And as each intermediate point af the object,
between D and E, fends out a pencil of rays in
like manner to every part of the mirrorn, the
rays
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rays of each pencil will be refleéted back from
it, and meer 1n-all the intermediate points bes
tween the extremities ¢ and d of the image ; and
fo the whole image will be formed, not at i,
half the diftance of the mirror from its center
of concavity Cy but at a greater diftance, be-
tween 7 and the objeét D £ 3 and the image will
be inverted-with refpeét to the object.

This being well underftood, the reader will
eafily fee how the image is formed by the large
concave mirror of the refleCting telefcope,
when he: comes to' the defcription of that in-
ftrument.

When the objeét is-more remote from the
mirror than its center: of concavity C, the
image will be lefs than the obje, and between
the object and mirror : when the objeét is nearer
than the center of concavity, the image will be
more remote and bigger-than the objet: thus,
if D E be the objeét, e d will be its image; for,
as the objett recedes from the mirror, the
image approaches nearer to it; and as the ob-
ject approaches nearer to the mirror, the image
recedes farther from it ; on account of the lefler
or greater divergency of the pencils of rays
which proceed from the objeét; for, the lefs
they diverge,: the fooner they are converged to
points by refleCtion; and the more they di-
verge, the farther they muft be refleéted before
they meet.

If the radius of the mirror’s concavity and
the diftance of the obje& from it be known, the
diftance of the image from the mirror is found
by this rule: divide the produt of. the dif-
-tance and radius by double the diftance made
lefs by the radius, and the quotient is the dif-
tance required.

I
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It the obje&t be in the centerof the mirror’s
concavity, the umage and objet will be coinci-
dent, and equal in bulk.

If a2 man places himfelf direétly before a large
concave mirror, but farther from it than' its
center of concavity, he will fee an inverted
image of himfeif in the air, between him and
the mirror, of a lefs fize than himfelf. And
if he holds out his hand towards the mirror,
the hand of the image will come out towards
his hand, and coincide with it, of an equal
bulk, when his hand is in the center of conca-
vity; and he will imagine he may fhake hands
with his image, If he reaches his hand farther,
the hand of the image will pafs by his hand, and
come between his hand and his body : and if he
moves his hand towards either fide, the hand of
the image will move rowards the other 5 fo that
whatever way the obje&t moves, the image will
move the contrary way.

" All the while a by-ftander will fee nothing of
the image, becaufe none of the reflefted rays
that form it enter his eyes.

If a fire be made in a large room, and a
{mooth mahogany table be placed at a good
diftance near the wall, before a large concave
mirror, fo placed, that the light of the fire
may be refleéted from the mirror to its focus
upon the table ; if a perfon ftands by the table,
he will fee nothing upon it but a longith beam
of light: but if he ftands at a diftance towards
the fire, not directly between the fire and mir-
ror, he will fee an image of the fire upon the
table, large and ereét. And if another per-
fon, who knows nothing of this matter before-
hand, fhould chance to come into the room,
and fhould look from the fire towards the table,
he
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he would be fartled at the appearance for the Plate
table would feem to be on fire, and by being XVIIL
ntar the wainfcot, to endanger the whole houfe.
In this expetriment, there fhould be no light
in the roomy but what proceeds from the fire s
and the mirror ought to be at lealt ffteen
inches in diameter,

If the fire be darkened by a fcreen, and ‘a
large candle be placed at the back of the fcreen s
a perfon ftanding by the candle will fee the
appearance of a fine large {tar, or rather planet,
upon the table, as bright as Venus or Jupiter.

And if a fmall wax taper (whofe Aame is muach
lefs than the flame of the candle) be placed near
the candle, a fatellite to the planet will appear
on the table: and if the taper b: moved round
the candle, the fatellite will go round the planet.

For thefe two plealing experiments, T am in-
debted to the late reverend Dr. Loneg, Lowndes’s
profeffor of aftronomy at Cambridge, who fa-
voured me with the fight of them, and many
more of his curious inventions.

In a refrafling telefeope, the glafs which is The re.
neareft the object in viewing it, is called the freding
objefi-glafs ; and that which is neareft the eye, /&%«
1s called the eye-glafs. The obje&t-glafs muft
be convex, but the eye-glals may be either
convex or concave: and generally, in looking
through a telefcope, the eye is in the focus of
the eye-glafs ; though that is not very material ;
for the diftance of the eye, as to diftinét vilion,
is indifferent, proyided the rays of the pencils
fall upon it parallel: only, the nearer the eye
is to the end of the telefcope, the larger is the
fcope or area of the field of view.

Let ¢ dbe a convex-glafs fixed in a long tube,
and have its focus at E. Then, a pencil of rays

Q. ghi,

Fig. 4.




Of Optics.

g b i, flowing from the upper extremity 4 of the
remote object 4 B, will be fo refraded by paffing
through the glafs, as to converge and meet in
the point 3 whilft the pencil of rays k /m flow-
ing from the lower extremity B, of the fame ob-
je&t A B, and paffing through the clafs, will con-
verge and meet in the point ¢: and the images
of the points 4 and B, will be formed in the
points f and &.  And as all the intermediate
points of the object, between A and B, {end out
pencils of rays in the fame manner, a fufficient
number of thefe pencils will pafs through the
objelt glafs ¢ 4, and converge to as many inter-
mediate points between ¢ and 75 and fo will form -
the whole inverted image ¢ E f, of the diftinét
obje&. But becaufe this image is fmall, a con-
cave glafs n g is fo placed in the end of the tube
next the eye, that its virtual focus may be at F.
And as the rays of the pencils pafs converging
through che concave glafs, but converge lefs after
pafling through it than before, they go on fur-
ther, as to & and a, before they meet; and the
pencils themfelves being made to diverge by
pafling through the concave glafs, they enter the
eye, and form the large picture @ 4 upon the
retina, whereon it is magnified under the angle
b I a. :

But thistelefcope has one inconveniency which
renders it unfit fur moft purpofes, which is, that
the pencils of rays being made to diverge by
pafling through the concave glafs 7 o, very few
of them can enter the pupil of the eye ; and
therefore the field of view 1s but very fmall, as
is evident by the figure. For none of the pen-
cils which flow either from the top or bottom of
the object A4 B can enter the pupil of the eye at
C, but are all ftopt by falling upon the iris
aboye
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above and below the pupil: and therefore, only
the middle part of the objeét can be feen when
the telefeope lies direétly towards it, by means
of thofe rays which proceed from the middle of
the object. So thar to {ee the whole of it, the
telefcope muft be moved upwards and down-
wards, unlefs the objeét be very remote; and
then it is never fcen diftinétly.

229

This inconvenience is remedied by fubftitut- Fig. s,

ing a convex eye-glafs, as g &, in place of the
concave one ; and fixing it fo in the tube, that
its focus may be coincident with the focus of the
objett-glafs ¢ d, as at E. For then, the riys
of the pencils flowing from the object 4 B, and
pafling through the objeét-glafs ¢ d, will meet in
its focus, and form the inverted image m E p :
and as the image is formed in the focus of the
eye-glafs g b, the rays of each pencil will be pa-
rallel, after paffing through that glafs ; but the
pencils themielves will crofs in its focus, on the
other fide, as at e: and the pupil of the eye
being in this focus, the image will be viewed
through the glafs, under the angle ge b; and
being at E, it will appear magnified, fo as to fill
the whole fpace Cm ¢ p D.

But, as this telefcope inverts the image with
refpeét to the objed, it gives an unpleafant view
of ‘terreftrial objects ; and is only fit for viewing
the heavenly bodies, in which we regard nottheir
polition, becaufe their being inverted does not
appear, On account of their being round. But
whatever way the objedt feems to move, this tele-
fcope muft be moved the contrary way, in order
to keep fight of it; for, fince the objed is in-
verted, its motion will be fo too.

The magnifying power of this t:lefcope is,
as the focal diltance of rhe object-glafs to the

Q.2 focal
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focal diftance of the eye-glafs. Therefore, if the
former be divided by the latter, the quotient
will exprefs the magnifying power.

When we fpeak of magnifying by a tele-
{cope or microfcope, it is only meant with regard
to the diameter, notto the area or {olidity of the
objeét. But as the inftrument magnifies the ver-
tical diameter, as much as it does the horizontal,
it is eafy to find how much the whole vilible area
or furface is magnified : for, if the diameters be
multiplied into one another, the product will
cxprc‘['s the nl:_ig__(txlhcatlon of the whole vifible
area, Thus, fuppofe the focal diftance of the
object-glafs be ten times as great as the focal
diftance of the eye-glafs; then, the objeét wilk
be magnified ten times, both in length and
breadth: and 10 multiplied by 10, produces
1co; which fhews, that the area of the object
will appear 100 times as big when feen through
fuch a telefcope, as it does to the bare eye.

Hence it appears, that if the focal diftance of
the eye-glals, were equal to the focal diftance of
the obje@-glafs, the magnifying power of the
telefcope would be nothing.

This telefcope may be made to magnify in any
given degree, provided it ‘be of a {ufficient
length. For, the greater the focal diltance of

the objeét-glafs, the lefs may be the focal dif-
tance of the eye-glafs; though not direétly in
proportion. Thus, an objeét-glafs, of 10 feet
focal diftance, will admit of an eye glafs whofe
focal diftance is little more than 2% inches;
which will magnify near 48 times : but an ob-
ject-glafs, of 100 feet focus, will require an eye-
glafs fomewhat more than 6 inches; and will
therefore magnify almolt 200 times.

A telefcope for viewing terreftrial objects,fhould
be fo conftructed, asto fhew them in their natural

pofture.
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pofture. And this is done by one objed-glafs Fig. 6.

¢ dy and three eye-glafles ¢ f, ¢ b, i , fo placed,
that the diftance between any two, which are
neareil to each other, may be equal to the fum
of their focal diftances; as in the figure, where
the focus of the glafles ¢ 4 and ¢ f mieer at F,
thofe of the glafles ¢ fand g &, meet at 7, and of
ghand ik, atm; the eye being at'#, in or near
the focus of the eye-glafs 7 2, on the other fide.
Then, it is plain, that thefe pencils of rays, which
flow from the obje&t 4 B, and pafs through
the objeét-glafs ¢ d, will meet and form an in-
verted image C F D in the focus of that glafs;
and the image being alfo in the focus of the glafs
¢.f, the rays of the pencils will become parallel,
after pafling through that glafs, and crofs at/,
in the focus of the glafs ¢ f; from whence they
pals on to the next glafs g%, and by going
through it they are converged to points in its
other focus, where they form an ereét image
E m F, of the obje¢t 4 B : and as this image is
alfo in the focus of the eye-glafs 7 £, and the eye
on the oppofite fide of the {fame glafs ; the image
1s viewed through the eye-glals in this telefcope,
in the fame manner as through the eye-glafs in
the former ones; only in a contrary pofition,
that is, in the fame pofition with the objest.

The three glaffes next the eye, have all their
focal diftances equal : and the magnifying power
of this telefcope is found the fame way as that
of the laft above; viz. by dividing the focal
diftance of the obje&-glafs ¢ d, by the focal
diftance of the eye-glafs 7 &, or g &, or ¢f, fince
all thefe three are equal.

When the rays of light are feparated by re-
frattion, they become coloured, and if they be
united again, they will be a perfeét white. But

Q2 thofe
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Why the
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thofe rays which pafs through a convex glafs,

objedt ap~ ‘near its edges are more unequally refracted than

pears co-
loured

thofe which are nearer the middle of the glafs.

when feen And when the rays of any pencil are unequally
through 2 refracted by the glafs, they do not all meet

telefcope.

The re-
_ﬁeﬂi?fg
2elefeope.

Flg. P

agiin in one and the {ame point, but in feparate
points; which malkes the image indiftinét, and
colotired, about its edges. The remedy is, to
have a plate with a fmall round hole in its mid-
dle, fixed in the tube atm, parallel to the glafies.
For, the wandering rays about the edges of the
glafies will be ftopt, by the plate, from coming
to the eye : and none admitted burt thote which
come through the middle of the glafs, or at leaft
at a good diftance ‘from its edges, and pals
thirough the hole in the middle of the plate. But
this circumfcribes the image, and leflens the
field of view, which would be much larger if
the plate could be difpenfed with.

The great inconvenience attending the ma-
nagemient of long telefcopes of this kind, has
brought them much into difufe €ver fince the
refleciing telefespe was invented. For one of this
fort, fix feet in length, magnifies as much as one
of the other an huendred. It was invented by
Sir Jfaac Newton, but has received confliderable
imprbveznents fince his time ; ‘and is now gene-
rally conftructed in the following manner, which
was firft propofed by Dr. Gregovy. z

At the bottom of the great tube 7T 77 is
placed the large concave mirrer ‘DU ¥ F, ‘whofe
principal focus is at m; and in its middle is a
round hole P, oppofite to which is placed the
fmall mirror L, concave toward the great
one ; and fo fixed to a firong wire M4, that it
may 'be moved farther from the ‘great mirror,
oF nearér to it, by means of a‘long Icrew bn the
7 out-
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outlide of the tube, keeping its axis ftill in the
fame line P m » with that of the great one.—
Now, fince in viewing a very remote objedl, we
can fcarce fee a point of it but what is at leaft as
broad as the great mirror, we may confider the
rays of cach pencil, which flow from every point
of -the objeét, to be paraliel to each other, and
to cover the whole refleéting furface D U ¥ E,
But to avoid confulien in the figure, we [hall
only draw two rays of a pencil flowing from each
extremity of the object into the great tube, and
trace their progrefs, through all their refletions
and refractions, to the eye £, at the'end of the
imall tube ¢ £, which is joined to the great one.

Ler us then fuppofe the objeét 4 B to be at
fuch.a diftance, that the rays C may flow frem
its lower extremity B, and the rays £ from its
upper extremity 4. Then the rays C falling
parallel upon the great mirror at D, will be
thence reflected, converging in the direction
D G 3 and by croffing at £ in the principal focus

of the mirror, they will form the upper extre-

mity { of the inverted image 7 K, fimilar to the
lower extremity B of the objét #.B: and pal-
fing on to the concave mirror L (whofe focus
is at#) they will fall upon it at g, and be thence
refleted converging, inthedirection ¢ N, becaute
g m is Jonger than g #; and pafling through the
hole P in the large mirror, they would meet
fomewhere about 7, and form the lower extremity
dof the ereé image « d, fimilar to the lowerex-
tremity B of theebjedt 4 B. Bur by pafiing
through the plano-convex-glafs & in their way,
they form that extremity of the image at 4.
In like mannper, therays &, -which come from the
top of -the objett 4 B, and fall parallel upon the
gréac mirrer at £, dre thenee refledted converg-

Q4 ing
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ing to its focus, where they form the lower ex-
remity K of the inverted image I'K; fimilarto
the upper extremity 4 of the object Z By and
thence pafling on to the fmall mirror L, and
falling vpon it at 4, they are thence reflectedin
the converging {tate b O3 and going on through
the hole P of the great mirror, they will meet
fomewhere about g, and form there the upper
extremiry ¢ of the eret image 2 4, fimilar to the
upper extremity 4 of the obje&t 4 B: but'by
paffing through the convex glafs R in their way,
they meet and crofs fooner, as at #, where that
point of the erect 1mage is formed.—The like
being underftood of all thofe rays which fow
from'the intermediate points of the object, be-
tween 4 and B, and énter the tube 7 75 all the
intermediate points of the.image between ¢ and
& will be formed : and the rays pafiing on from
the image through the eye-glafs §, and through
a {mall Hole ¢ in the end of the leflfer tube # ¢,
they enter the eye f, which fees the image 44
(by means of the ecye-glafs) under the large
angle ¢ ¢ d, and magnified in length, under thac
angle from ¢ to 4.
in the beft refle@ing telefcopes, the focus of
the fmall mirror is never coincident with the
focus m of the great one, where the firft image
TX is formed, but alittle beyond it (with refpett
to the eye) as at # : the confequence of which s,
that the rays of the pencils will not be parallel
afrer refle¢tion from the fmall mirror, but con-
verge {o as to meet in points about g, &, 7 ; where
they will form alarger upright image than ¢ 4,
if the glafs R was pot in their way : and this
image might be viewed by means of a fingle
eye-glafs properly placed between the image
and the eye : but then the freld of view would be
lefs,
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Jefs, and confequently not fo pleafant ; for which
reafon, the glafs R is ftill retained, to enlarge
the fcope or area of the field.

To find the magnifying power of this tele-
fcope, multiply the focal diftance of the great
mirror by the diftance of the Imall mirror from
the ‘image next the eye, and multiply the focal
diftance of the fmall mirror by the focal dif=
tance of the eye-glafs: then, divide the pro-
duét of the former multiplication' by the pro-
duét of the latter, and the quotient will exprefs
the magnifying power.

I'thall here fet down the dimenfions of one of
Mr. Short’s reflecting telefcopes, as defcribed in
Dr. Smith’s Optics.

The focal diftance of the great mirror 9.6
inches, its breadth 2.3 ; the focal diftance of the
{fmall‘mifror 1.5, its breadth o.6: the breadth
of the hole in the great mirror 0.5 the diftance
between the fmall mirror and the next eye-glafs
14.2 5 the diftance between the two eye-glafles
2.4 3 the focal diftance of the eye-glafs next the
metals 3.8 ; and the focal diftance of the eye-
glals next the eye 1.1,

One great advantage of the refleting tele-
icope is, that it will admit of an eye-glals of a
much fhorter focal diftance than a refracting
telefcope will; and, confequently, it will mag-
nify fo much the more: for the rays are not
culoured by refledtion from a concave mirrot,
if it be ground to a true figure, as they are by
pafing through a convex-glafs, let it be ground
ever to true. i

The adjufting fcrew on the outfide of the
great tube fits this telefcope to all forts of eyes,
by bringing the {mall mirror either, nearer to
the eye, or removing it farther: 'by which

means,
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means, the rays are made to diverge a little for
fhort-fighted eyes, or to converge for thofe of a
long fight,

The nearer an objeét is to the telefcope, the
more its pencils of rays will diverge before they
fall upon the great mirror, and therefore they
will be the longer of meeting in poins after re-
flettion; fo that the firt image I K will be
formed at a greater diftance from the large mir-
ror, when the object is near the telefcope, than
when it is very remote, But as this image muft
be formed farther from the fmall mirror than
its principal focus 7, this mirror muft be always
fer at a greater diftance from tlie large one, in
viewing near objeéts, than in viewing remote
ones, And this is done by turning the {crew on
the outfide of the tube, until the imall mirror
be fo adjulted, that the objeét (or rather ics
image) appears, perfect.

In looking through any ‘telefcope towards an
object, we never fee the obje@ idelf, but only
that image of it which is formed next the eye in
the telefcope. For, if a man holds his finger-ora
ftick between his bare eye and an object, it will
hide part (if not the whole) of the objeét from
his view, Burif he ties a ftick acrofs the mouth
of a telefcope, before the objeét-glafs, it will hide
no part of the imaginary object he faw through
the telefcope before, unlefs it covers the whole
mouth of the tube :- for, all the effeét will be, to
make the obje¢t appear-dimmer, becaufe it in-
tercepts part of the rays. Whereas, if he puts
only a piece of wire acrofs the infide of the tube,
between the eye-glafs and his eye, it will hide
part of the object which he thinks he fees : which
proves that he fees not the real objeét, but its
unage, This is alfo confirmed -by means of the
{mall
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fmall mirror L, in the refle@ing telefcope, which
is made of opake metal, and ftands directly be-
tween the eye and the obj=& towards which the
telefrope is turned 5 and will hide the whole ob-
jeé from the eye ate, if the two glaffes R and
8 are taken out of the tobe.

The multiplying glafs is ‘made by erinding PlatsXIX.
down the round fide » i k of a convex glafs 48 Fig, 1.
into feveral flat furfaces, as b b, bl d, dk. An ob- Themul
jeft C will not appear magnified, when feen g
through this glafs, by the eye at A3 buc it will®
appear multiplied into as many different objes
as the glais contains plane furfaces. For, lince
rays will flow from the objeét C to all parts of
the glafs, and each plane furface will refrad thefe
rays to the eye, the fame obje& will appear to
the eye, in'the direction of the rays which ehrer
it through each furfice. Thus, a ray g7 A,
falling 'perpendicularly on the 'middle {urface
will go through the glafs to the eye without fuf-
fering any refrattion; and will therefore fhew
the object in its true place at C: whilk aray 4 b
flowing ‘from the fame objet, and falling ob-
liquely on the plane furface 4 b, will be fefraéted
in the diretion 4 ¢, by pafling through the glafs,
and upon leaving it, will go on to the eye in the
direction’'e H'; which will caufe the fame objéét
C to appear alfo at E, in the direction of the ray
He, produced in the right line Hen. And the
ray ¢ d, flowing from the object C, and falling
obliquely on the plane furface @ &, will be refraét.
ed (by palling through the glafs and leaving it
2t f) to the eyedt A ; which will caufe the fithe
object to appear at D, 'in the direction H f 7, —

I the glafs be turned round the lite glH, as
an axis, the object C will keep-its place, becaufe
the furface 4 /d is not removed; but all the

other
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other objeéts will {feem to oo round G, becaufe
the oblique planes, on which the rays @4, ¢ 4
fall, will go round by the turning of the glafs.

The camera obftura is made by a convex glafs
C D, placed in a hole of a window-{hutter.
Then, if the room be - darkened fo as no light
can enter but what comes through the glafs, the
pictures of all the objects (as fields, trees, build-
ings, men, cattle, &c.) on the outfide, will be
fhewn in-an inverted order, on a white paper
placed at G /{ in the focus of the glafs 3 and
will afford a moft beautiful and perfect piece of
perfpedtive or landlcape of whatever is before
the glafs; efpecially if the fun fhines upon the
objelts.

If the convex glafs C D be placed in a tube in
the fide of a fquare box, within which is the
plape micror £ F, reclining backwards in an
angle of 45 degrees from the perpendicular £ ¢,
the pencils of rays flowing from the outward ob-
jetts, and pafling through- the convex glafs to
the plane mitror, will be refleded upwards from
it, and meet in points, as Jand K (at the fame
diftance that they would have meet at A and
G, if the mirror had not been in the way) and
will form the aforefaid images on an oiled paper
firetched horizontally in the direftion 7 K on
which paper, the out-lines of the images may
be eafily drawn with a black lead pencil; and
then copied on a clean fheet, and coloured by
art, as the objeéts themfelves are by nature.—
Ip this machine, it is ufval to place a plane glafs,
unpolifhed, in the horizontal fituation I K, which
glafs reccives the images of the outward objeéts ;
and their outlines may be traced upon it by a
black-lead pencil.

3 N._ B,
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N. B. The tube in which the convex glafs
€ D is fixed, mult be made to draw out, or pulh
in, {o as to adjuft the diftance of that glafs from
the plane mirror, in proportion to the diftance
of the outward objeéts 5 which the operator does,
until he {ees their images diftinétly painted on
the horizontal glals at I K.

The forming a horizontal image, as 7K, of an
upright object 4 B, depends upon the angles of
incidence of the rays upon the plane mirror £ F,
being equal to their angles of refle€tion from
ir. For, if a perpendicular be [uppofed to be
drawn to the furface of the plane mirror at e,
where the ray 4 « C e falls upon it, that ray will
be reflected upwards in an equal angle with the
other fide of the perpendicular, in the line ¢ 4 I.
Again, if a perpendicular be drawn to the mir-
ror from the point f, where the ray A4 f falls
upon it, that ray will be reflefted in an equal
angle from the other fide of the perpendicular, in
theline £ 4 1. Andif a perpendicular be drawn
from the point g, where the ray A ¢ g falls upon
the mirror, that ray will be refleéted in an equal
angle from the other [ide of the perpendicular,
in the line g /. So that all the rays of the pencil
@ b ¢, flowing from the upper extremity of the
object A B, and pafling through the convex glals
C D, to the plane mirror E F, will be refle¢ted
from the mirror and meet at J, where they will
torm the extremity I of the image X, fimilar
to the extremity /4 of the objett 4 B. The
like is to be underftood of the pencil ¢ # s, flow-
ing from the lower extremity of the objeét A4 B,
and meeting at K (after reflection from the plane
mirror) the rays form the extremity K of the
image, fimilar to the extremity 3 of the objett :
and fo of all cthe pencils that flow from the in-

termediare
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termediate points of the objeét to the mirror;
through the convex glafs.
The I a convex glafs, of a thort focal diftance, be
"{',;"“- placed near the plane mirror, in the end of a
£ fhort tube, and a convex glafs be placed in a
hole in the fide of the tube, fo as the image may
be formed berween the laft-mentioned convex
glafs, and the plane mirror, the image being
viewed through this glafs will appear magnified.
—In this manner the spera-glajles are conftruét-
ed; with which a gentleman may look at any
lady ac a diftance in the company, and the lady
know nothing of it
The image of any object that is placed before
The 50'7:- a plane mirror, appears as big to the eye as the
:2;;]:}: object itfelf; and 1s ere&, diftinét, and feeming-
" ly as far behind the mirror, as the objeét is be-
fore it: and that part of the mirror, which
refleéts the image of the object to the eye (the
eye being fuppoled equally diftant from the glafs
with the objeét) is jufe half as long and half as
Fig. 3. broad as the objeét ifelf. Let # B be an ob-
jeét placed before the reflelting furface g b7 of
the plane mirror € D; and let the eye be at o
Let A4 b be a ray of light flowing from the top
A of the object, and falling upon the mirsor at
b: and b m be a perpendicular to the furface of
the mirror at b, the ray 4 b will be reflected
from the mirror to the eye at o, making an
angle m b o-equal to the angle 4 b m : then will
the top of the image E appear to the eye in the
direétion of the refletted ray o & pmduccd to &y
where the right line 4 p E, from the top of the
objeét, cuts the right lineo b E, at E. Let Bi
be a ray of light proceeding from the foot of the
obje& at B 1o the mirror at 4, and #7 a per-
pendicular to the mirror from the point 4,
' where
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where the ray B 7 falls upon it : this ray will be
reflefted in the line 7 0, making an angle # i o,
equal to the angle B7u, with that perpendi-
cular, and entering the eye at o : then will the
foot F of the image appear in the direction of
the refleéted ray ¢ i, produced to F, where the
right hine B F cuts the reflected ray produced to
F. Al the other rays that flow from the inter-
mediate points of the object 4 8, and fall upon
the mirror between 4 and i, will be refleéted to
the eye at 03 and all the intermediace points of
the image £ F will appear to the eye in the di-
rection-line of thefe refleéted rays produced.
But all the rays that flow from the objed, and
fall upon the mirror above 4, will be refle@ed
back above the eye at ¢; and all the rays that
flow from the objedt, and fall upen the mirror
below 7, will be reflected back below the eye at
0: {o that none of the rays that 21l above A, or
below 7, can be refleted to the eye at 03 and
the diftance between 4 and 7 is equal to half the
length of the object 4 B.

Hence it appears, that if a man fee his whole A man
image in a plane looking-glafs, the part of the will fee
glafs that reflects his image muft be juft half as M image
long and half as broad as himlelf, ler him fand 112,3\;“,'_:
at any diftance from it whatever; and that his glaf, that
image muft appear juft as far behind the glafs as & but
he is before it. Thus, the man 4 B vitwirzg]]‘;ll‘h's
himfelf in the plane mirror € D, which is juft E,g’l;
half as long as himfelf, fees his whole image as
at E F, behind the glafs, exactly equal to his
own [ize. _Fthr? a ray 4 C proceeding from his
eye at 4, and falling perpendicularly upon the
furface of the glafs at C, is refle@ted back to his
eye in the fame line C 4; and the eye of his
image will appear at E, in the fame line pro-

duced
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duced to E, beyond the glafs. Andaray B D,
flowing from his foot, and falling obliquely on
the glafs at D, will be refleCted as obliquely on
the other fide of the perpendicular 4 & D, inthe
direction D 4 ; and the foot of his image will
appear at Iy in the direction of the reflected ray
A D, produced to F, where it 1s cut by the right
line B G FE, drawn parallel to the rightline 4 C E.
Juft the fame as if the glals were taken away,
and a real man ftood at F, equal in fize to the
man {tanding at B : for to his eye at 4, the eye
of the other man at E would be {een in the di-
rection of the line 4 C Z; and the foot of the
man a2t F would be feen by the eye 4, in the
direction of the line 4 D F.

If the glafs be brought nearer the man A B,
as {uppole to ¢ 2, he will fee his image as at
C D G : for the reflefted ray C 4 (being perpen-
dicular to the glals) will fhew the eye of the
image as at C; and the incident ray B &, being
reflected in the line & 4, will thew the foot of his
image as at G 3 the angle of reflection 2 4 4 being
always equal to the angle of incidence B 2 a:
and {o of all the intermediate rays from 4 to B.
Hence, if the man 4 B advances towards the
glafs C D, his image will approach towards it
and if he recedes from the glals, his image will
alfo recede from it.

Having already fhewn, that the rays of light
are refradted when they pafls obliquely through
different mediums, we come now to prove that
fome rays are more refrangible than others'; and
that, as they are differently refracted, they ex-
cite in our minds the ideas of different colours.
This will account for the colours feen about the
edges of the images of thofe obje&ts which are
viewed through fome telefcopes.

Let
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Let the fun fhine into a dark room through a Fig. .
{mall'hole, as at ee, in 2 window-thutter ; and
place a triangular prifm BC in the beam of rays
A, in fuch a manner, that the heam may fall ob-
Yquely on one of the fides 24 C of tli srifm,
The rays will fuffer different refraions by pafl- The
fing through the prifm, fo that inftcad of going #rifi.
all out of it on the fide d¢ C, in one direétion,
they will go on from it in the different diretions
reprefented by the lines £, g, &, 4, %, [, i, #; and
falling upon the oppofite fide of the room, or '
on white paper placed as at p g to receive chem,
they will paint upon it a feries of moft beautiful
lively colours “not to be equalled by art) in this The co-
order, viz. thofe rays which are leaff refracted by 1??‘}};
the prifm, and will cherefore go on between the " 7%
lines # and m, will be of a very bright intenfe
red ar », degenerating from thence gradually
into an orange colour, as they are nearer the line
# : the next will be of a fine orange colour at
a1, and from thence degenerate into a yellow co-
lour towards /: at/ they will be of a fine yellow,
which will incline towards a green, more and
more, as they are nearer and nearer £: ac # they
will be a pure green, but from thence towards i
they will incline gradually to 2 blue: ar i they
will be a perfect blue, inclining to an indigo co-
lour from thence towards 4 ; at 4 they will be
quite the colour of indigo, which will gradually
change towards a violet, the pearer they are to
&: and at g they will be of a fine violet colour,
which will incline gradually to a red as they
come nearer to f, where the coloured image
ends.

There is not an equal quantity of rays in each
of thefe colours ; for, if the oblong image p ¢
be divided into 360 equal parts, the red fpace

R R will
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R will take up 45 of thefe parts: the orange O,
27 ; the yellow 27, 48; the green G, 6o; the
blue B, 60; the indigo 7, 403 and the violet 7,
80 all which fpaces are as nearly proportioned in
the figure as the fimall {pace ¢ pwould admit of.

If all thefe colours be blended together again,
they will make a pure white; as is proved thus.
Take away the paper on which the colours p ¢
fell, and place a large convex glafs D in the rays
£ £, b, &c. which will refrac them o, as to make
them unite and crofs each other at %7 : where, if a
white paper be placed to receive them, they will
excite the idea of a {trong lively white. But if
the paper be placed farther from the glafs, as at
r s, the different colours will appear again upon
it, in an inverted order, orcafioned by the rays
crofling at /7.

As white is a compofition of all colours, fo
black is a privation of them all, and, therefore,
properly no colour,

Let two concentric circles be drawn on a
{mooth round board 4 BC D E FG, and the
outermoft of them divided into 360 equal parts
or degrees: then, draw feven rightlines, as © 4,
© B, &c. from the center to the outermoft circle;
making the lines © 4 and © B include So de-
grees of that circle ; the lines @ B and © C 40
degrees; ¢-C and @ D 6o; © D and @ E 6o;
OFEand @ F4%; © Fand® G2y, ®Gand© 4
45. Then, between thefe two circles, paint the
fpace 4G red, inclining to orange near G; G F
orange, inclining to yellow near £ F E yellow,
inclining to green near E; E D green, inclining
to blue near B; D C blue, inclining to indigo
near C; C B indigo, inclining to violet near 5
and B A violet, inclining to a foft red near 4,
‘This done, paint all that part of the board black

6 which
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which lies within the inner circle; and putting All e
an axis through the center of the board, let it prifmatic
be turned very fwiftly round that axis, fo as the E‘fi‘;‘if: p
rays proceeding from the above colours, may be tapether,
all blended and mixed together in coming to make a
the eye; and then, the whole coloured part will white.
appear like a white ring, a little greyifk; not
perfectly white, becaufe no colours prepared by

art are perfect,

Any-of thefe colours, except red and violer,
may be made by mixing rogether the two. con-
tiguous prifmatic colours. Thus, yellow is made
by mixing together a due proportion of orange
and green ; and green may be made by a mix-
ture-of yellow and blue.

All bodies appear of that colour, whofe rays
they refleét moft ; as a bedy appears red when
it reflects molt of the red-making rays, and ab-
forbs the reft.

Any two ormare colours that are quite tran{- Tranfpa.
parent by themielves, become opake when put rest co-
together,  Thus, if water or fpirits of wine be l0us Le-
tinged red; and put in a phial, every objedl feen ﬁ}i‘jfe iF
through it will appear red ; becaufe it lets only put ro.
the red rays pafs through it, and ftops all the gether.
reft. 1f water or fpirits be tinged blue, and put
ina phial; all objeéts feen chrough it will appear
blue, becaufe it tranfmits only the blue rays, and
ftops- ail the reft.  But if thefe two phials arc
held clofe rogether, fo as both of them may be
between the eye and object, the objec will no
more be feen through them than through a plate
of metal; for whatever rays are tranfmicted
through the fiuid in the phial next the objedt,
are ftopped by that in the phial next the eye.

In this experiment, the phials ought not to be
round, but fquare; becaufe nothing Lut the
R 2 iighc
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light itfelf can be feen through a round tranf-
parent body, at any diftance.

As the rays of light fuffér different degrees
of refraétion by pafling obliquely through a
prifm, or through a convex glafs, and are thereby
{eparated into all the feven original or primary
colours ; 1o they alfo fuffer different degrees of
refraltion by pafling through drops of falling
rain; and then, being refle¢ted towards the eye,
from the fides of . thefe drops which are fartheft
from the eye, and again refracted by pafling out
of thefe drops into the air, in which refracted
direétions they come to the eye 5 they make all
the colours to appear in the form of a fine arch
in the heavens, which is called the rain-bow.

There are always two rain-bows feen together,
the intericr of which is formed by the rays 2 4,
which falling vpon the upper part &, of the drop
bed, are refracted into the line & ¢ as they enter
the drop, and are reflected from the back of it at
¢, in the line ¢ 4, and then, by pafling out of the
drop into air,they are again refratted at 45 and
from thence they pafs on to the eye at e fo that
to form the interior bow, the rays fuffer two re-
fra@lions, as at & and 4 ; and one reflection, as
at ¢.

The exterior bow is formed by rays which
fuffer two refections, and two refradtions ;
which is the occafion of its being lefs vivid than
the interior, and alfo of its colours being invert-
ed with refpect to thofe of the interior, For,
when a ray a & falls upon the lower part of the
drop & cde, it is refracted into the direction 4 ¢
by entering the drop; and pafling on to the
back of the drop at ¢, it is thence refleéted in the
line ¢ d, in which direéion it is impoffible for it
to enter the eye at f: but by being again re-
flected
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flefted from the point d of the drop, it goes on in
the drop to e, where it palfts out of the drop into
the air, and is there refracted downward to the
eye, in the direftion ¢,

LECT. VII. axp IX.

The defcription and ufe of the globes, and armil-
lary [phere.

IF a map of the world be accurately delineated 7h- 0.
on a fpherical ball, the furface thereof will refirial

reprefent the furface of the earth : for the h igheft £%be-

hills are fo inconfiderable with refpect to the bulk

of the earth, that they take off no more from its

roundnefs, than grains of fand do from the

roundnefs of 4 common globe; for the diameter

of the earth is 8ooe miles in round numbers,

and no known hill upon it is three miles in per-

pendicular heighe,

That the earth is fpherical, or round Jike g Proof of
globe, appears, 1. From its cafting a round [t)’;']f‘fff“h's
{hadow upon the moon, whatever fide be turned globular,
towards her when fhe is eclipfed. 2. From its
having been failed round by feveral perfons,

3. From our feeing the farther, the higher we
ftand, 4. From our feeing the mafts of a fhip,
whilt the hull is hid by the convexity of the
water. - And that

The attra&ive power of the earth draws all it may be
terreftrial bodies towards its center; as is evi. peopled
dent from the defcent of bodies in lines per- 0 ;‘”53“‘5
pendicular to the earth’s furface, at the places u,:]:::f:
whereon they fall ; even when they are thrown being in
off from the earth on oppofite fides, and con- danger of
fequently, in oppofite dire@tions. So that the E;\”ﬁojp

R 3 carth i,




Upand
dozyn,
what,

All ob-

jefts In

the kea-
ven ﬂp—

p':ar E=

gually

diltant,

The face
of the
heaven
and carth

Of the Heavens and the Earth,

earth may be compared toa great magnet rolled
in filings of fteel, which attracts and keeps them
equally faft to its furface on all fides. Hence,
as all terreftrial bodies are attraéted toward the
earth’s center, they can be in no danger of fall-
ing from any fide of the earth, more than from
any other.

The heaven or {ky furrounds the whole earth:
and when ‘we fpeak of #p or down, we mean
only with regard to ourfelves; for no point,
either in the heaven, or on the furface of the
earth, is above ot below, but only with refpeét
to ourfelves. And let us be upon what part of
the earth we will, we ftand with our feet to-
wards its center, zm(! our heads towards the fky :
and fo we fay, it is #p towards the fky, and dpwn
toward the center of the earth.

To an obferver placed any where in the in-
definite {pace, where there 1s nothing to limit
his view, all remote objeéts appear equally
diftant from him; and feem to be placed in 2
vaft copcave fphere, of which his eye is the
center,  Every aftronomer can demonftrate,
that the moon s much nearer to us than the fun
153 that fome of the p!ane[s are fometimes
nearer to us, and fometimes farther from us,
than the fun s that others of them never come fo
near us as the fun always is; that the remoteft
planet in-our fyftem, is beyond comparifon
nearer to us than any of th eﬁx((q flars are; and
that 1t is high ly probable fome ftars are, in a
manner, :nluutr[y more diftant from us than
others; and yet all thefe celeftial objets ap-
pear t.(]UJ.”'y diftant from us. Therefore, if we
imagine a large hollow fphere of glafs to have
as many bngl.t ftuds fixed to its infide, as
there are ftars vifible in che heaven, and thefe
ftuds
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ftuds to be of different magnitudes, and placed reprefent-
at the fame angular diftances from each other ¢dina
as the ftars are; the fphere will be a true re- g g
prefentation of the ftarry heaven, to an eye {up-
pofed to be in its center, and viewing 1t all
around. And if a fmall globe, with a map of
the earth upon it, be placed on an axis in the
center of this ftarry fphere, and the fphere be
made to turn round on this axis, it will repre-
fent the apparent motion of the heavens round
the earth.

If a great circle be fo drawn upon this fphere,
as to divide it into two equal parts, or hemi-
{pheres, and the plane of the circle be perpen-
dicular to the axis of the {phere, this circle will
reprefent the éguinoilial, which divides the hea- The eguie
ven into two equal parts, called the woribern and #odial,
the foutbern bemipheres; and every point of that
circle will be equally diftant from the poles, or The poles,
ends of the axis in the {phere. That pole which
is in the middle of the northern hemifphere,
will be called the north pole of the fphere, and
that which is in the middle of the fouthern hemi-
iphere, the fzuth pele.

If another great circle be drawn upon the
iphere, in fuch a manner as to cut the equinoc-
tial at an angle of 23% degrees in two oppofite
points, it will reprefent the ecliptic, ar circle of The ecip-
the fun’s apparent annual motion : one half of e
which is on the north fide of the equinoétial,
and the other half on the fouth,

If a large ftud be made to move eaftward in
this cclipti’c, in fuch 2 manneér as to g0 cuite
round ir, in the time that the {phere 1s turped
round weftward 366 times upon its axis; this
ftud will reprefent thf: Jun, changing his place The fite
‘every day a 365th part of the ecliptic; and

R 4 going
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gioing round weflward, the fame way as the
itars do 3 but with a motion fo much {lower than
the motion of the fars, that they will make ;66
revolutions about the axis of the {phere, in the
time that the fun makes only 365. . During one
half of thefe revolutions, the {un will be on the
north fide of the equinoctial ; during the other
half, on the fouth : and at the end of each half,
in the equinoétial.

If we fuppole the terreltrial globe in this ma-
chine to be about one inch in diameter, and the
diameter of the ftarry fphere ta be about five
or fix feet, a fmall infect on the glube would fee
only a very little portion of its furface; but it
would fee one halfof the ftarry {phere ; the con-
vexity of the globe hiding the other half from its
view. If the {phere be turned weftward round
the globe, and the infect could judge of the ap-
pearances which arife from that motion, it would
fee fome ftars rifing to its view in the eaflern
fide of the fphere, whilft others were fetting on -
the weltern: buc as all the ftars are fixed to the
fphere, the fame flars would always rife in the
{ame points of view on the eaft fide, and fet in
the fame points of view on the weft fide, With
the fun it would be otherwife, becaufe the fun
is not fixed to any point of the f{phere, but
moves flowly along an oblique circle inir, And
if the infeét thould look towards the fouth, and
call that point of the globe, where the equi-
noctial in the {phere feems to cut it on the left
fide, the eaff point; and where it cuts the globe
on the right fide, the wef point; the little ani-
mal would fee the fun rife north of the eaft, and
fet north of the weft, for 182: revolutionss
after which, for as many more, the fun would
rife fouth of the eaft, and fet fouth of the
welt,
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weft. And in the whole 365 revolutions, the
fun would rife only twice in the eaft point, and
fet twice in the weft. All thefe appearances
would be the fame, if the ftarry fphere ftood
fill (the fun only moving in the ccliptic) and
the earthly globe were turned round the axis of
the fphere ealtward. For, as the infe& would
be carried round with the globe, he would be
quite infenfible of its motion ; and the fun and
ftars would appear to move weftward.

We are but very fmall beings when compared
with our earthly globe, and tbe globe itfelf is but
a dimenfionlefs point compared with the mag-
nitude of the ftarry heavens. Whether the
earth be at reft, and the heaven turns round it,
or the heaven be at reft, and the earth turns
round, the appearance to us will be exactly the
fame. And becaufe the heaven is fo immenfely
large, in comparifon of the earth, we fee one
half of the heaven as well from the earth’s fur-
face, as we could do from its center, if the
}]limits of our view are not intercepted by

ills.

We may imagine as many circles defcribed Cireles of
bpon the ecarth as we pleafe; and we may the jphere.
imagine the plane of any circle defcribed upon
the carth to be continued, until it marks a circle
In the concave {phere of the heavens.

The borizon is either fenfible or rational. The The bori.
Jenfible horizon is that circle, which a man ftand- %o
ing upon a large plane, obferves to terminate
his view all around, where the heaven and earth
feem to meet. The plane of our fenfible hori-
zon continued to the heaven, divides it into two
hemifperes ; one vifible to us, the other hid by
the convexity of the earth.

The
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The plane of the rational borizon, is fuppofed
parallel to the plane of the fenfible ; to pafs
through the center of the earth, and to be
continved to the heavens. And although the
plane of the fenfible horizon touches the earth
in the place of the obferver, yet #kis plane,
and that of the rational horizon, will feem to
coincide in the heaven, becaufe the whole earth
is but a point compared to the fphere of the

_heaven.

Poles,

Eqnator,

Meridian,

The earth being a fpherical body, the hori-
zon, or limit of our view, muft change as we
change our place.

The poles of the carth, are thofe two points on
its furface in which irs axis terminates. The
one is called the nortdh pole, and the other the
Jouth pole.

The poles of the beaven, are thole two points
m which the earth’s axis produced terminates in
the heaven : fo that the north pole of the heaven
is direélly over the north pole of the carth ; and
the fouth pole of the heaven is direétly over the
fouth pole of the earth,

The ¢gnator is a great circle upon the earth,
every part of which is equally diftant from
either of the poles. It divides the earth into
two equal parts, called the northern and fouthern
bemifpheres, 1f we fuppofe the plane of this
circle to be extended to the heaven, it will
mark the equinoliial therein, and will divide the
heaven into two equal parts, called the northers
and feuthern hemifpheres of the heaven.

The meridian of any place is a great circle
pafling through that place and the poles of the
earth, 'We may imagine as many fuch meri-
dians as we pleafe, becaufe any place that is
ever
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ever fo little to the eaft or weft of any other
place, bhasa differeat meridian from that place 3
for no ene circle can pafs through any two fuch
places and the poles of the earth. i

The meridian of any place is divided by the
poles, into two femicircles : that which pafles
through the place is called the geqerapbical, or
upper mieridian ; and that which paffes through
the oppofite place, is called the lower meridian.

When the rotation of the earth brings the Nenand
plane of the geographical meridian to the fun, ™4-night.
It s nogn or mid-day to that place ; and when
our lower meridian comes to the fun, it is mid-
night,

All places lying under the fame geographical
meridian, have their noon at the fame time, and
confequently all the other hours. AN thofe
places are faid to have the fame /mgitnde, becaufe
no one of them lies either eaftward or wefltward
from any of the reft.

If we imagine 24 femicitcles, one of which Hur ci-
1s the geographical meridian of a given place, cless
to meet at the poles, and to divide the equator
into 24 equal parts; each of thefe meridians
will come round to the fun in 24 hours, by the
earth’s equable motion round its axis in that
time. And, as the equator contains 360 de-
grees, ‘there will be 15 degrees contained be-
tween any two of thele meridians which are
neareft to one another: for o4 times 15 is g360.

And as the earth’s motion is eaftward, the fun’s
apparent motion will be weftward, at the rate
of 15 degrees each hour.  Therefore, ‘

They whofe geographlcal meridian is 15 de- Longitude,
grees eaftward from us, have noon, and every
other hour, an hour fooner than we have. They
whofe meridian is fifteen degrees weftward from

us,
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us, have noon, and every other hour, an hour
later than we have: and fo on in proportion,
reckoning one hour for every fifteen degrees.

As the earth turns round its axis once in 2
hours, and fhews itfelf all round to the fun in
that time ; {o it goes round the fun cnce a year,
in a great circle called the ecliptic, which croffes
the equinottial in two oppofite points, making
an angle of 23] degrees with the equinottial on
each fide. = So that one half of the ecliptic is in
the northern hemifphere, and the other in the
fouthern. It contaius 360 equal parts, called
degrees (as all other circles do, whether great
or {mall) and as the earth goes once round it
every year, the fun will appear to do the fame,
changing his place almoft a degree, at a mean
rate, every 24 hours. So thar whatever place,
or degree of the ecliptic, the earth is in at any
time, the fun will then appear in the oppofite.
And as one half of the eclipiic is on the north
fide of the equino&ial, and the other haif on the
fouth ; the fun, as feen from the earth, will be
half a year on the fouth fide of the equinoctial,
and half a year on the north: and twice a year
in the equinoctial itfelf.

The eclipiic is divided by aftronomers into
12 equal parts, called figns, cach fign 1nto 30
degrees, and each degree into 60 minytes + but
in uling the globes, we feldomn want the fun’s
place nearer than half a degree of the truth.

The names and characters of the 12 figns are
as follow ; beginning at that point of the eclip-
tic where it crofies the equinoétial to the north-
ward, and reckoning eaftward round to the
fame point again. And the days of the months
on which the fun now enters the figns, are fet
down below them,

Aries,
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Aries T anris, Gemini, Canzer,
P ¥ i b
March April May June
20 20 21 21

Leo, Virgo, Libra,  Scorpio,

! m = i
July  Auguft September October
23 %3 43 23
Sagittarius, Capricornus, Agquarius, Pifees,
i W = ¥
November December Janvary February
22 21 20 18

By remembering on what day the fun enters
any particular fign, we may eafily find his
place any day afterward, whilt he is in that
fign, by reckoning a degree for each day ;
which will eccafion no error of confequence in
ufing the globes.

When the fun is at the beginning of Aries,
he is in the equinottial ; and from that time he
declines northward every day, until he comes
to the begnning of Cancer, which is 23% de-
grees from the equinoctial : from thence he re-
cedes fouthward every day, for half a year; in
the middle of which half, he croffes the equi-
notial at the beginning of Libra, and at the
end of that half year, heis at his greateft fouth
declination, in the beginning of Capricorn, which
is alfo 23 degrees from the equinoctial, Then,
he returns northward from Cepricorn every day,
for half a year ; in the middle of which half, he
croffes the equinoctial at the beginning of ries
and at the end of it he arrives at Cancer,

The
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The fun’s motion in the ecliptic is not per-
feftly equable, for he contibues eight days
longer in the northern half of the ecliptic, than
in the fouthern: fo that the fummer half year,
in the northern hemifphere, is eight days longer
than the winter half year; and the centrary in
the fouthern hemifphere:

The tropics arve lefler circles in the heaven,
parallel to the equinoctial; one on each fide of
it, touching the ecliptic in the points of its
greateft declination ; {o that each tropic is 237
degrees from the equinoctial, one on the north
fide of it, and the other on the fourth. The
northern tropic touches the ecliptic at the be-
ginning of Cancer, the fouthern at the beginning
of Capricorns for which reafon the former is
called the #ropic of Cancer, and the latter the
iropic of Capricorn.

The polar circles in the heaven, are each
23+ degrees from the poles, all around. That
which goes round the north pole, is called the
arétic civcle, from Zed@e, which fignifies a dear ;
there being a colletion or groupe of ftars ncar
the north pole, which goes by that name. The
fouth polar circle, is called the antaréiic circle,
from its being oppelite to the artic.

The ecliptic, tropics, and polar circles, are
drawn upon the terreftrial globe, as well as
upon the celeftial. * But the ecliptic, being a
great fixed circle in the heavens, cannot pro-

erly be faid to belong to the terreftrial globe
and is laid down upon it only for the conveniency
of folving fome problems. So that, if this
circle on the terreftrial globe was. properly di-
vided into the months and days of the year, it
would not only fuit the globe better, but would
alfo make the problems thereon much eafier.
In
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In order to form a true idea of the earth’s
motion round its axis every 24 hours, which is
the caufe of day and night ; .and of its motion
in the ecliptic round the fun every year, which
is the caufe of the different lenaths of days and
nights, and of the viciflitude of feafons; take
the following method, which will be both ealy
and pleafant.

Let a fmall terreftrial globe, of about three 4, T
inches diameter, be fufpended by a long thread of the
of twifted filk, fixt to its north pole: then hays feafons.

ing placed a lighted candle on a table, to repre-
fent the {un, in the center of a hoop of a large
calk, which may reprefent the eclipsic, the hoop
making an angle of 2% degrees with the plane
of the table ; hang the globe within the hoop
near to it ; and if the table be level, the equa-
tor of the globe will be parallel to the table,
and the plane of the hoop will cut the equaror
at an angle of 23 degrees 3 fo that one half of
the equator will be above the hoop, and the
other half below it: and the candle will en-
lighten one half of the globe, as the fun
enlightens one half of the eagh, whiltt che
other half is in the dark,

Things being thus prepared, twift the thread
towards the lefr hand, that it may turn the
globe the fame way by untwifting ; that is, from
wefl, by fouth, to eaft. As the globe turns
round its axis or thread, the different places of
its furface will go regularly through the light
and dark 5 and haye, as it were, an alternate
return of day and night in each rotation. As
the globe continues to turn round, and to fhew
itfelf all around to the candle, carry it (lowly
round the hoop by the thread, from weft, by
fouth, to eaft; which is the way that the earth

moves
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moves round the fun, once a year, in the
ecliptic: and you will fee, that whilft the globe
continues in the lower part of the hoop, the can-
dle (being then north of the equator) will con-
ftantly fhine round the north pole ; and all the
northern places which go through any part of
the dark, will go threugh a lefs portion of it than
they do of the light; and the more fo, the far-
ther they are from the equator: confequently,
their days are then longer than their nights.
When the globe comes to a point in the hoop,
mid-way between the higheft and lowelt points,
the candle will be directly over the equator, and
will enlighten the globe juft from pole to pole;
and then every place on the globe will go
through equal portions of light and darknefs,
as it runs round its axis ; and confequently, the
day and night will be of equal length at all
places upan it.  As the globe advances thence-
forward, towards the higheft part of the haop,
the candle will be on the fouth fide of the equa-
tor, fhining farcher and farther round the fouth
pole, as the globe rifes higher and higher in the
hoop ; leaving the north pole as much in dark-
nefs, as the fouth pole is then in the light, and
making long days and fhort nights on the fouth
fide of the equator, and the contrary on the
north fide, whilft the globe continues in the
nothern or higher fide of the hoop : and when
it comes to the higheft point, the days will be at
the longefl, and the nights at the fhorteft, in the
fouthern hemifphere; and the reverfe in the
northern, As the globe advances and defcends
in the hoop, the light will gradually recede from
the fouth pole, and approach towards the north
Fole, which will caufe the northern days to
engthen, and the fouthern days to fhorten li1n
3 the
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the fame proportion. When the globe comes to
the middle point, between the higheft and loweft
points of the hoop, the candle will be over the
equator, enlightening the globe juft from pole
to pole, when every place of the earth (except
the poles) will go through equal portions of
light and darknefs y and conlequently, the day
and night will be then equal, all over the globe.

And thus, at a very fmall expence, one may
have a delightful and demonftrative view of
the caufe of days and nights, with their gradual
increafe and decrcafe in length, through the
whole year together, with the vicifficudes of
{pring, fummer, autumn, and winter, in each
annual courle of the earth round the {un.

If the hoop be divided into 12 equal parts,
and the figns be marked in order upon it, be-
ginning with Cancer at the higheft point of the
hoop, and reckoning eaftward (or contrary to
the apparent motion of the fun) you will fee
how the fun appears to change his place every
day in the ecliptic, as the globe advances eaft-
ward along the hoop, and turns round its own
axis: and that when the earth is in a low fign,
as at Capricorn, the fun muft appear in 2 high
fign, as at Cancer, oppolitc to the earth’s real
place: and that whillt the earth is in the
louthern half of the ecliptic, the fun appears in
the northern half, and wice verf : that the far-
ther any pluce is from the equator, between it
and the pelar circle, the greater is the difference
berween the longelt and thorteft day at thet
place; and that the poles have but one day and
one nicht in the whole year,

Thefe things premifed, we fhall proceed to
the defeription and vle ot'_ the terrcltrial globe,

§ and
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The Terrefirial Globe deferibed.

and explain the geographical terms as they occur
in the problems,

This globe has the boundaries of land and
water laid down wupon it, the countries and
kingdoms divided by dots, and coloured to
diftinguifh them, the iflands properly fituated,
the rivers and principal towns inferted, as they
have been afcerrained upon the earth by mea-
furement and obfervation,

The equator, ecliptic, tropics, polar circles,
and meridians, are laid down upon the globe in
the manner already defcribed. The ecliptic is
divided into 12 figns, and each fign into 30
degrees, which are generally fubdivided into
halves, and into quarters if the globe is large.
Each tropic is 23+ degrees from the equator,
and each polar circle 23% degrees from its
re{peétive pole. Circles are drawn parallel to
the equator, at every ten degrees diftance from
it on each fide to the poles: thefe circles are
called parallels of latitude. On large globes
there are circles drawn perpendicularly through
every tenth degree of the equator, interfelting
each other at the poles: but on globes of or
under a foot diameter, they are only drawn
through every fifteenth degree of the equator :
thefc circles are generally called meridians, fome-
times sireles of longitude, and at other times bour-
cireles,

The globe is hung in 2 brafs ring, called the.
brafen meridian y and turds upon a wire in each
pole funk half its thicknef(s into one fide of the
meridian ring; by which means, tbat fide of
the ring divides the globe into two equal parts,
called the eafiern and wefteri bemifpheres 5 as the
equator divides it into two equal parts, called the
worsbern and fouthern bemifpberes. This ring is

4 divided
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divided into 360 equal parts or degrees, on the
fide wherein the axis of the globe turns. One
half of thefe degrees are numbered, and reck-
oned, from the equator to the poles, where they
end at go : their ufe is to thew the laticudes of
places. The degrees on the other half of the
meridian ring, are numbered from the poles to
the equator, where they end at go : their ufe is
to fhew how to elevate either the north or fouth
pole above the horizon, according to the lati-
tude of any given place, as it is north or fouth
of the equator.

The brafen meridian is let into two notches
made in a broad flat ring, called the wooden
harizon, the upper furface of which divides the
globe into two equal parts, called the #pper and
lower bemifpberes.  One notch is in the north
point of the horizon, and the other in the fouth.
On this horizon are feveral concentric circles,
which contain the months and days of the year,
the figns and degrees anfwering to the fun’s
place for each month and day, and the g2 points
of the compafs,—The graduated fide of the
brafs meridian lies towards the eaft fide of the
horizon, and fhould be generally kept toward
the perfon who works problems by the globes.

There is a {mall borary circle, 1o fized to the
north part of the brafen meridian, that the wire
in the north pole of the globe is in the center
of that ‘circle; and on the wire is an indes,
which goes over all the 24 hours of the circle,
as the globe is turned round its axis. Some-
times there are two horary circles, one between
each pole of the globe and the brafen meridian ;
which is the contrivance of the late ingenious Mr.,
Jofeph Harris, malter of the affay-office in the
Tower of London; and makes it very conve-

S 2 nient
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I nient for putting the poles of the globe through
the horizon, and for elevating the pole to fmail
Jatitudes, and declinations of the fun ; which can-
not be done where there is only one horary cir-
cle fixed to the outer edge of the brafen me-
ridian.

There is a thin flip of brafs, called the gua-
drant of altitude, which is divided into go equal
parts or degrees, anlwering cxactly to fo many
degrees of the equator, It is occafionally fixed
to the uppermolt point of the brafen meridian
by a nut and ferew. The divifions end at the
nut, and the quadrant 1s turned round upon it.

As the globe has been feen by moft people,
and upon the figure of which, in a plate, nei-
ther the circles nor countries can be properly
exprefled, we judge it would fignify very little
to refer to a figure of ity and fhall therefore
only give fome diretions how to choofe a globe,
and then defcribe its ufe.

Direftions 1. See that the papers be well and neatly
for choof= pafted on the globes, which you may know, if
":gbﬂf the lines and circles thereon meet exactly, and
£O%: continue all the way even and whole ; the cir-
w cles not breaking into feveral archeés, nor the
i papers either coming fhort, or lapping over one
another.

2. See that the colours be tranfparent, and
not laid too thick upon the globe to hide the
names of places.

3. See that the globe hang evenly between
the brafen meridian and the wooden horizon
not inclining either to one fide or to the
other.

4. See that the globe be as clofe to the hori-
zon and meridian as it conveniently may ; other-
wife, you will be too much puzzled to find
againit
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againlt what part of the globe any degree of the
meridian or horizon is.

5. See that the equino&ial line be even with
the horizon all around, with the north or fouth
Pole is elevated go degrees above the horizon,

6. See that the equinoétial line cuts the hori-
zon in the eaft and weft points, in all elevations
of the pole from o to go degrees.

7- See that the degree of the brafen meridian
marked with o, be exattly over the equinoctial
line of the globe.

8. See that there be exa@ly half of the brafen
meridian above the horizon ; which you may
know, if you bring any of the decimal divifions
on the meridian to the north point of the hori~
zon, and find their complement to 9o in the
fouth point.

9. See that when the quadrant of altitude is
placed as far from the equator, on the brafen
meridian, as the pole is elevated above the hori-
zon, the beginning of the degrees of the qua=
drant reaches juft to the plane furface of the
horizon. :

10. See that whilft the index of the hour-
circle (by the motion of the globe) pafies from
one hour to another, 15 degrees of the equator
Pafs under the graduated edge of the brafen
meridian,

I1. See that the wooden horizon be made
{ubftantial and ftrong: it being generally ob-
ferved, that in moft globes, the horizon is the
firft part that fails, on account of jts having
been made too flight,

In ufing the globes, keep the eaft fide of the Dire@tions
horizon towards you (unlefs your problem re. for ufing
quires the turning of it) which fide you may them.
know by the word Eaft upon the horizon 5 for

S 3 then
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then you have the graduated fide of the meri~
dian towards you, the quadrant of altitude before
you, and the globle divided exaltly into two
equal parts, by the graduated fide of the ma-
ridian.

In working fome problems, it will be necel-
fary to turn the whole globe and horizon about,
that you may look on the weft fide thereof ;
which turning will be apt to jog the ball fo, as
to fhift away that degree of the globe which
was betore let to the horizon or meridian: to
avoid which incenvenience, you may thruft in
the feather-end of a quill between the ball of
the globe and the brafen meridian 3 which, with-
out hurting the ball, will keep it from turning
in the meridian, whilft you turn the welt fide of
the horizon towards you,

PROBLEML

Lo find the * latitude and + longitude of any given
place wpon the globe.

Turn the globe on ‘its axis, until the given
place comes exaétly under that graduated fide of
the brafen meridian, on which the degrees are

numbered

* The latitnde of a place is its diftance from the equator,
and 1s north or fouth, as the place is north or foath of the
equator. Thole who live at the equator have no latitude,
becaule it is there thay the latitude begins,

+ The longitude of a place is the number of degrees
(reckoned vpon the equator) that the meridian of the faid
place is diftant from the meridian of any other place from
which we reckon, either eaftward or weltward, for 180 de=
grees, oy half round the globe. The Britifh reckon the
Iongitude from the meridian of London, and the French
now reckon it fiom the meridian of Paris. The meridian
of that place, from which the longitude is rcckoned, s
called
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numbered from the equator; and obferve what
degree of the meridian the place then lies under ;
which is its latitude, north or fouth, as the place
is north or fouth of the equator.

The globe remaining in this pofition, the de-
gree of the equator, which is under the brafen
meridian, 1s the longitude of the place, (from
the meridian of Londen on the Englifh globes)
which is eaflt or well, as the place lies on the
eaft or weft fide of the firt meridian of the
globe.—All the Atlantic Ocean, and America,
is on the weft fide of the meridian of London
and the greateft part of Eurgpe, and of Africa,
together with all .4/ia, is on the eaft fide of the
meridian of Lenden, which is reckoned the firf
meridian of the globe by the Britifh geographers
and aftronomers.

PROBLEM IL

The longitude and latitude of a place being given, to
Jind that place on the globe,

"Look for the given longitude in the equator
(counting 1t eaftward or wefkward from the firft
meridian, as it is mentioned to be eaft or welt;)
and bring the point of longtude in the equator
to the brafen meridizn, on that fide which is
above the fouth point of the horizon: then
count from the equator, on the brafen meridian,
tothe degree of the given latitude, towards the
north or fouth pole, according as the latitude is
north or fouth; and under that degree of lati-
tude on the meridian, you will have the place
required.

called the jfirft meridian. The places upon this meridian
have no longitude, becaufe it is there that the longitnde
begins,

S 4 PR OB-
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PROBL EM L

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

Bring each of thefe places to*the brafen me-
ridian, and fee what its latitude is: the lefler
latitude fubtracted from the greater, if both
places are on the fame fide of the equator, or
both latitudes added together, if they are on
different fides of it, is the difference of latitude
required. And the number of degrees contained
between thefe plages, reckoned on the equator,
when they are brought feparately under the
brafen meridian, is their difference of longitude ;
it it be lefs than 180 but if more, let it be fub-
tratted from 360, and the remainder is the dif-
ference of longitude required, Or,

i Having brought one of the places to the
.brafen meridian, and fet the hour-index to XII,
i turn the globe until the other place comes to the
- brafen mendian, and the number of hours and
'parts of an hour, paft over by the index, will
- give the longirude in time ; which may be eafily
reduced to degrees, by allowing 15 degrees for
!every hour, and one degree for every four mi-
nates.

N. B. When we fpeak of bringing any place
to the brafen meridian, it is the graduated fide
of the meridian that is meant,
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PROBLEM IV.

Any place being given, to find all thofe places that
bave the fame longitude or latitude with i.

Bring the given place to the brafen meridian,
then all thofe places which lie under that fide of
the meridian, from pole to pole, have the fame
longitude with the given place. Turn the globe
round its axis, and all thofe places which pafs
under the fame degree of the meridian that the
given place does, have the {ame latitude with
that place.

Since all latitudes are reckoned from the
equator, and all longitudes are reckoned from
the firft meridian, it 1s evident, that the point of
the equator which is cut by the firft meridian, has
neither latitude nor longitude.~—The greateft
latitude is go degrees, becaufe no place is more
than go degrees from the equator. And the
greateft longitude is 180 degrees, becaufe no
place is more than 180 degrees from the firft
meridjan.

PROBLEMY.

To find the * antceci, T periceci, and § antipades,
of any given place.

Bfing. the given place to the brafen meridian,
and having found its latitude, keep the globe in
that ficuation, and count the fame number of

degrees

® The antari are thofe people who live on the {ame me-
ridian, and in equal latitudes, on different fides of the equa-
tor, Being on the fame meridian, they have the fame hours 3
that is, when itis noon to the one, it is alfo noon to the
other; and when it is mid-night to the ous, it is alfo mid-
night to the other, &c. Being on difterent fides of the equa-
tor
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degrees of latitude from the equator towards the
contrary pole, and where the reckoning ends,
you have the amtzci of the given place upon the
globe. Thofe who live at the equator have no
anlad. :

The globe remaining in the fame pofition, fet
the hour-index to the upper XII. on the horary
circle, and turn the globe until the index comes
to the lower XIL; then, the place which lies
under the meridian, in the fame latitude with
the given place, is the perieci required. Thofe
who live at the poles have no perizci.

As the globe now ftands {with the index at
the lower X11.) the antipodes of the given place
will be under the fame point of the bralen me-
ridian where its amfeci ftood before. Every
place upon the globe has its antipodes.

tar, they have different or oppofite feafons at the fame time ;
the length of any day to the one is equal to the length of the
night of that day to the other; and they have equal ¢cleva-
tions of the different poles.

+ The periezci are thofe people who five on the {ame pa-
rallel of latitude, but on oppoiite meridians: fo that though
their latitude be the fame, their longitude differs 180 de-
grees. By being in the fame latitade, they have equal ele-
vations of the fame pole (for the elevation of the pole is
always equal to the latitude of the place) the fame length of
days or nights, and the fame feafons.  But being on oppo-
fite meridians, when it is noon to the one, it is mid-night
to the other.

1 The antipodes ave thofe who live diametrically oppo-
fite 1o osne another upon the globe, flanding with feet
towards feet, on oppofite meridians and parallels. Being on
oppofite fides of the equator, they have oppofite fealons,
svinter 10 one, when it is fummer to the other ; being equally
diftant from the equator, they have their contrary peles equally

_elevated above the horizon; being on oppofite meridians,
when it i¢ noon 1o the one, it muft be mid-night to the other ;
and as the fon recedes from the one when he approaches to
the other, the length of the day to one muft be equal to the
length of the wight at the fame time to the other.

PROB.
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PROBLEM VI
To find the diffance between any two places on the

globe.

Lay the graduated edge of the quadrant of
altirude over both the places, and count the
number of degrees intercepted between them on
the quadrant; then multiply thele degrees by
60, and the product will give the diftance in
oeographical miles: but to find the diftance in
Englith miles, multiply the degrees by 691, and
the product will by the number of miles required.
Or, take the diftance betwixt any two places
with a pair of compaffts, and apply that extent
to the equator; the number of degrees, inter-
cepted between the points of the compafits, is
the diftance in degrees of a great circle * ; which
may be reduced either to geographical miles, or
to Englifh males, as above.

* Any circle that divides the globe into two equal parts, Grear
iscalled a great cirele, as the equator or meridian,  Any ipcls.
circle that divides the globe into two unequal parts (which
every parallel of latitude does) is called a Joffer circle, Now, Leffer
as every circle, whether great or fmall, contains 360 degrees, circle,
and a degree upen the equator or meridian contains 6o geo-

‘ graphical miles, it is evident, that a depree of longitede npon
the equator, is longer than a degree of longitude uwpon any
parallel of latitude, and muft therefore contain a greater
number of miles. So that, althonzh all the degrees of lati-

| tade are equally long upon an artificial globe (though not
precifely {o upon the earth itfelf) yet the degrees of longi-
tude decreafe in length, as the latitade increafes, but not in
the {fame proportion, 'The following table thews the length
of a degree of longitude, in geographical miles, and hun-
dredth parts of a mile, for every degree of latitude, from
the equator to the poles: a degres on the equator being 6o
geographical miles

: PR O B-
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PROBLEM VIL

A place on the globe being given, and its diftance
Srom any other place, to find all the other places
upon the globe which are at the fame diffance from
the given place,

Bring the given place to the brafen meridian,
and fcrew the quadrant of altitude to the meri-
dian, directly over that place; then keeping the
globe in that pofition, turn the quadrant quite
round upon it, and the degree of the quadrant
that touches the fecond place, will pafs over all
the other places which are equally diftant with it
from the given place.

This is the fame as if one foot of a pair of
compafles was fet in the given place, and the
other foot extended to the fecond place, whofe
diftance is known; for if the compafles be then
turped round the firft place as a center, the
moving foot will go over all thofe places which
are at the fame diftance with the fecond from
it

4 TABLE
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PROBLEM VIIL

The bour of the day at any place being given, to find
all thefe places where it is noon at ioat time.

Bring the given place to the brafen meridian,
and fet the index to the given hour ; this done,
turn the globe until the index points to the upper
X1I, and then, all the places that lie under the
brafen meridian have noon at that tme,

N. B. The upper XII always {tands for noon ;
and when the bringing of any place to the brafen
meridian is mentioned, the lide of that meridian
on which the degrees are reckoned from the
equator is meant, unlefs the contrary fide be
mentioned.

PROBLEM IX.

The bour of the day at any place being given to find
what o'clock it then is at any other place.

Bring the given place to the brafen meridian,
and fet the index to the given hour ; then turn
the globe, until the place where the hour is re-
quired comes to the brafen meridian, and the in-
dex will point out the hour at that place.

PROBLEM X,

To find the fun’s place in the ecliptic, and bis * de-
clination, for any given day of the year.

Look on the horizon for the given day, and
right againft it you have the degree of the fign
in which the fun is (or his place) on that day

* The fan’s declipation is his diftance from the equinofial
in degrees, and is north or fouth, as the fun is between the
equinettial and the north or fouth pole.

at




The Ufe of the Terrefrial Glabe,

at noon,  Find the fame degree of that fign in
the ecliptic line upon ‘the globe, and having
brought it to the brafen meridian, obferve what
degree of the meridian {tands over it 5 for that
is the fun’s declination, reckoned from the
equator,

PROBLEM XL

The day of the month being given, to find all thafe
Places of the earth over which the fun will pafs
vertically on thar day.

Find the fun’s place in the ecliptic for the
given day, and having brought it to the brafen
meridian, obferve what point of the meridian is
over it ; then turning the globe round its axis;
all thole places which palfs under that point of
the meridian are the places required 3 for as
their latitude is equal, in degrees and parts of a
degree, to the fun’s declination, the fun muft be
dire€lly over head to each of them at its relpec-
tive noon.

PROBLEM XIIL

A place being given in the® torrid zone, to Jind thofe

Ywo days of the year, on which the Jun fhall be
vertical to that place.

Bring the given place to the brafen meridian,
and mark the degree of latirude that is exactly
over

* The globe is divided into five zones ; one torrid, two
temperate, and two frigid. The torrid mone lies between the two
tropics, and is 47 degrees in breadsh, or 23% on each fide of
the equator : the temperate mones lic between the tropics and
polar circles, or from 233 degrees of Jatitude, to 66%, on

€ACH
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over it on the meridian; then turn the globe
round its axis, and obferve the two degrees of
the ecliptic which pafs exactly under thae degree
of latitude: Laftly, find on the wooden horizon
the two days of the year on which the fun is in
thofe degrees of the ecliptic, and they are the
days required : for on them, and none clfe, the
fun’s declination is equal to the latitude of the
given place ; and confequently, he will then be
vertical to it at noon.

PROBLEM XIIL

To find all thofe places of the north frigid zone,
swhere the fun begins to fhine confrantly without
fetting, on any given day, from the 20ih of March,
to the 23d of September.

On thefe two days, the fun is in the equinoc-
tial, and enlightens the globe exactly {rom pole
to pole: therefore, as the earth turns round its
axis, which terminates in the poles, every place
upon it will go equally through the light and the
dark, and fo make the day and night equal to all
places of the earth. But as the fun declines
from the equator, towards either pole, he will
fhine juft as many degrees round that pole, as
are equal to his declination from the equator;
{o that no place within that diftance of the pole
will then go through any part of the dark, and
confequently the fun will notfec toit.  Now, as

each fide of the equator; and are eachr 43 degrees in breadih:
the frigid zones are the fpaces included within the polar
circles, which being each 232 degrees from their refpedtive
poles, the breadth of each of thefe zones is 47 degrees.  As
the fun never goes without the tropics, he mult every mo-
ment be vertical to fome place or other in the torrid zone,

6 the
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the fun’s declination is northward, from the 21ft
of March to the 2 3d of September, he muft con-
ftantly fhine round the north pole all that time ;
and on the day that he is in the northern tropic,
he fhines upon the whole north frigid zone ; fo
that no place within the north polar circle goes
through any part of the dark on that day.
T herefore,

Having brought the fun’s place for the given
day to the brafen meridian, and found his de-
clination (by Prob. IX.) count as many degrees
on the meridian, from the north pole, as are
equal to the fun’s declination from the equator,
and mark that degree from the pole where the
reckoning ends : then, turning the globe round
its axis, obferve what places in the narth frigid
zone pafs dire@ly under that mark; for they
are the places required.

The like may be done for the fouth frigid
zone, from the 23d of September to the 21t of
March, during which time the fun fhines con-
ftancly on the fouth pole.

PROBLEM XIV.

To find the place over which the fun is wertical, af
any bour of a given day.

Having found the fun’s declination for the
given day (by Prob. 1X.) mark it with a chalk
on the brafen meridian: then bring the place
where you are (fuppofe London) to the brafen

meridian, and fet the index to the given hour 5

which done, turn the globe on its axis, until the
index points to XII at noon; and the place on
the globe, which is then directly under the point

J_.
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of the fun’s declination marked upon the meri-
dian, has the fun that moment in the zenichy of
directly overhead.

PROBLEM XV,

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

This problem cannot be folved by any globe
fitted up in the common way, with the hour
circle fixed upon the brafs meridian 3 unlefs the
fun be on or near fome of the tropics on the
given day. But by a globe fitted up according
to Mr. Fofeph Harris’s invention (already men-
tioned) where the hour-circle lies on the furface
of the globe, below the meridian, it may be folved
for, any day in the year, according to his me-
thod ; which is as follows.

Having found the place to which the fun is
vertical at the given hour, if the place be in the
northern hemifphere, elevate the north pole as
many degrees above the horizon, as are equal to
the latitude of that place ; if the place be in the
fouthern hemifphere, elevate the fouth pole ac-
cordingly 3 and bring the {aid place to the brafen
meridian. Then, all thofe places which are in
the weftern femicircle of the horizon, have the
{un rifing to them at that time ; and thofe in the
eaftern femicircle have it fetting ¢ to thofe under
the upper femicircle of the brafs meridian, it is
noon; and to thofe under the lower femicircle,
it is midnight. All thofe places which are
above the horizon, are enlightened by the fun,
and
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and have the fun juft as many degrees high to
them, as they themfclves are above the horizon :
and this height may be known, by fixing the
quadrant of alttude on the brafen meridian over
the place to which the fun is vertical ; and then,
laying it over any other place, obferve what
number of degrees on the quadrant are inter-
cepted between the faid place and the horizon.
In all thofe places that are 18 degrees below the
weftern femicircle of the horizon, the morning
twilight is juft beginning ; in all thofe places that
are 18 degrees below the eaftern femicircle of
the horizon, the evening twilight isending ; and
all thofe places that are lower than 18 degrees,
have dark night.

If any place be brought to the upper femi-
circle of the bralen meridian, and the hour index
be fet to the upper XII or noon, and then the
globe be turned round eaftward on its axis;
when the place comes to the weftern {femicircle
of the horizon, the index will fhew the time of
fun-rifing at that place; and when the fame
place comes to the eaftern femicircle of the hori-
zon, the index will fhew the time of fun-fet.

To thofe places which do not go under the
horizon, the fun fets not on that day: and to
thofe which do not come above it, the fun does
not rife.

PROBLEM XVIL

The day and bour of a lunar eclipfe being given s 2o
Jind all thofe places of the earth to which it will
be vifible.

The moon is never eclipfed but when the is
full, and fo directly oppofite to the fun, thar the
g : earth’s
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earth’s fhadow falls upon her. Therefore, what-
ever place of the earth the fun is vertical to at
that time, the moon muft be vertical to the anti-
podes of that place : fo that the fun will be then
vilible to one half of the earth, and the moon
to the other.

Find the place to which the fun is vertical at
the given hour (by Prob. X1V.) elevate the pole
to the latitude of that place, and bring the place
to the upper part of the brafen meridian, as in
the former problem: then, as the fun will be
vifible to all thofe parts of the globe which are
above the horizon, the moon will be viGble toall
thofe parts of the globe which are below it, at
the time of her greateft obfcuration.

But with regard to an eclipfe of the {un, there
is no fuch thing as fhewing to what places it
will be vifible, with any degree of certainty, by
a common globe ; becaufe the moon’s fhadow
covers but a {mall portion of the earth’s furface ;
and her latitude, or declination from the eclip-
tic, throws her fhadow {o varioufly: upon the
earth, that to determine the places on which it
falls, recourfe muft be had to long calculations.

PROBLEM XVIL

To redlify the globe for the latitude, the * zenith,
and the fun’s place, |

Findthe latitude of the place (by Prob. I.)andif
the place be in the northern hemifphere, raife the
north pole above the north point of the horizon,

* The zexith, in this fenfe, is the higheft point of the bra-
fen meridian above the horizon ; but in the proper fenfe
it is that point of the heaven which is dire&ly vertical to
auy given place, at any given inftant of time,
as
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7
as many degrees (counted from the pole upon
the brafen meridian) ag are equal to the latitude
of the place. If the place be in the fouthern
hemifphere, raife the fouth pole above the fouth
point of the horizon, as many degreesasare equal
to the latitude. Then, turn the globe till the
lace comes under its latitude on the brafen
meridian, and faften the quadrant of altitude fo,
that the chamfered edge of its nut (which is
even with the gradudted edge) may be joined
to the zenith, or point of latitude. This done,
bring the fun’s place in the ecliptic for the given
day, (found by Prob. X.) to the graduated fide
of the brafen meridian, and fet the hour-index to
XII. at noon, which is the uppermoft XIY on the
hour-circle 3 and the globe will be reé&ified.
The latitude of any place is equal to the ele- Remark,
vation of the neareft pole of the heaven above
the horizon of that place; and the poles of
the heaven are diretly over the poles of the
earth, each go degrees from the equinoc-
tial line. Let us be upon what place of the
earth we will, if the limits of ocur view be not
intercepted by hills, we fhall fee one half of the
heaven, or go degrees every way round, from
that point which is over our heads. ‘Therefore,
if we were upon the equator, the poles of the
heaven would lie in our horizon, or limit of our
view : if we go from the equator, towards either
ole of the earth, we fhail {ee the correfponding
pole of the heaven rifing gradually above our
horizon, juft as many degrees as we have gone
from the equator: and if we were at either of
the earth’s poles, the correfponding pole of the
heaven would be directly over our head. Con-
fequently, the elevation or height of the pole in
T3 degrees
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degrees above the horizon, is equal to the
number of degrees that the place is from the
equator.

PROBLEM XVIIL

The latitude of any place, not exceeding *66% de-
grees, and the day of the month, being given to
Jind the time of fun-rifing and fetting, and confe-
quently the length of the day and night.

Having reétified the globe for the latitude,
and for the fun’s place on the given day (as di-
rected in the preceding problem) bring the fun’s
placein the ecliptic to the eaftern lide of the ho-
rizon, and the hour-index will fhew the time of
fun-rifing ; then turn the globe on its axis, until
the fun’s place comes to the weftern fide of the
horizon, and the index will fhew the time of {un-
fetting,

The hour of fun-fetting doubled, gives the
length of the day; and the hour of fun-rifing
doubled gives the length of the night,

PROBLEM XIX,

The latitude of any place, and the day of the month,
peing piven s to find iwr’:e}: toe morning twilight

brgins, and the evening lwilight ends, at that
place.

This ploblem is often limited ; for, when the
fun does not go 18 degrees below the horizop,
the twilight continues the whole night; and for

* All places whofe latituda is more than 66, degrees, are
in the frigid zoues: and w thole places the fin doss not
fet in fummer, for a certain number of diurnal revolutions,
which occafions this limitation of laitude.

{everal
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feveral nights together in fummer, between 49
and 66+ degrees of latitude : and the nearer
to 662, the greater is the number of thefe nights,
But when it does begin and ead, the follow-
ing method will thew the time for any given
day.

)I,{c&ify the globe, and bring the fun’s place in
the ecliptic to the eaftern fide of the horizon ;
then mark that point of the ecliptic with a chalk
which is in the weftern fide of the horizon, it be-
ing the point oppofite to the fun’s place : this
done, lay the quadrant of altitude over the faid
point, and turn the globe eaftward, keeping the
quadrant at the chalk-mark, until it is jult 18
degrees high on the quadrants and the index
will point out the time when the morning twi=
light begins : for the fun’s place will then be 18
degrees below the eaftern fide of the horizon.
To find the time when the evening twilight
ends, bring the fun’s place to the weftern fide
of the horizon, and the point oppefite to it,
which was marked with the chalk, will be riling
in the eaft : then, bring the quadrant over that
point, and keeping it thereon, turn the globe
weftward, until the faid point be 18 degrees
above the horizon on the quadrant, and the in-
dex will fhew the time when the evening - twi-
lightends ; the fun’s place being then 18 degrees
below the weftern fide of the horizon, -

T 4 PR O-
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PROBLEM XX

To find on what day of the year the fun begins to
frine confiantly withous fetting, on any given
place in the north frigid 2one ; and bow long be
continues to do fo.

Re&ify the globe to the latitude of the place,
and turn it about until fome point of the eclip-
tic, between Aries and Cancer, coincides with
the north point of the horizon where the brafen
meridian cuts it: then find, on the wootlen
horizon, what day of the year the fun is in that
point of the ecliptic; for that is the day on
which the fun begins to fhine conftantly on the
given place, without fetting. This done, turn
the globe until fome point of the ecliptic, be-
tween Cancer and ILibra, coincides with the
north point of the horizon, where the brafen
meridian cuts it; and find, on the wooden
horizon, on what day the fun is in that point of
the ecliptic; which is the day that the fun leaves
off conftantly fhining on the faid place, and rifes
and fets to it as to other places on the globe.
The number of natural days, or complete re-
volutions of the fun about the earth, between
the two days above found, is the time that the
fun keeps conftantly above the horizon without
fetting : for all the portion of the ecliptic, that
lies between the two points which interfeét the
horizon in the very north, never fets below it :
and there is juft as much of the oppofite part of
the ecliptic that never rifes ; therefore, the fun
will keep as long conftantly below the horizon
in winter, as above it in fummer.

2 Whoever
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Whoever confiders the globe, will find, that
all places of the earth do equally enjoy the bene-
fit of the fun, in refpect of time, and are equally
deprived of it. For, the days and nights are
always equally long at the equator: and in all
places that have latitude, the days at one time
of the year are exaclly equal to the nights at the
oppolite {eafon.

PROBLEM XXIL

To jind in what latitude the fun fhines conflantly
without [etting, for any lengih of time lefs than
* 1821 of our days and nights.

Find a point in the ecliptic half as many de-
grees from the beginning of Canmcer (cither to-
wards Aries or Libra) as there are + natural days
in the time given ; and bring that point to the
north {ide of the brafen meridian, on which the
degrees are numbered from the pole towards
the equator: then, keep the globe from turning
on its axis, and {lide the meridian up or down,
until the forefaid point of the ecliptic comes
to the north point of the horizon, and then, the
elevation of the pole will be equal to the latitude
required.

* The reafon of this limitation is, that 182 of our days
and nights make half a year, which is the longeft time that
the fun fhines without fetting, even at the poles of the
earth.

+ A natural day contains the whole z4 hours: an arti-
ficial day, the time that the fun is above the horizon,

PR O-
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PROBLEM XXIIL

The latitude of a place, not exceeding 66 degrees,
and the day, of the month being given ; to find
the fur’s amplitude, or point of the compals on
which be rifes or feis on that day.

Rectify the globe, and bring the fun’s place
to the eaftern fide of the horizon; then obferve
what point of the compafs on the horizon ftands
right againft the fun’s .placc, for that is his
amplitude at rifing, This done, turn the globe
weftward, until the fun’s place comes to the
weftern fide of the horizon, and it will cut the
. point of his amplitude at fetting. Or, you may
count the rifing amplitude in degrees, from the
eaft point of the horizon, to that point where
the fun’s place cuts it; and the fetiing ampli-
tude, from the weft peint of the horizon, to the
fun’s place at fetting.

PROBLEM XXIIIL

The latitude, the [un's place, and bis* aliitude,
being given s to find the bour of the day, and the
Jun's azimuth, or number of degrees that pe is
diffant from the meridian,

Rectify the globe, and bring the fun’s place
to the given height upon the quadrant of alri-
tude ; on the eaftern fide of the horizon, if the
time be in the forenoon ; or the weftern fide, if

* The fun’s altitude, at any time, is his height in deprees
above the horizon at that time,

it
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it be in the afternoon: then, the index will
thew the hour ; and the number of degrees in
the horizon intercepted between the quadrant of
altitude and the fouth point, will be the fun’s
true azimuth at that time,

N. B. Always when the quadrant of altitude
is menticned in working any problem, the gra-
duated edge of it is meant.

If this be done at fea, and compared with the
fun’s azimuth, as thewn by the compafs, if they
agree, the compafs has no variation in that place :
but if they differ, the compafs does vary ; and
the variation is equal to this difference.

PROBLEM XXIV.

The latitude, bour of the day, and the Jun's place,
being  givens to find the [un’s altitud: and
Gzimuth,

Reétify the globe, and turn it until the in-
dex points to the given hour ; then lay the qua-
drant of altitude over the fun’s place in the
ecliptic, and the degree of the quadrant cut by
the fun’s place is his altitude at that time above
the horizon ; and the degree of the horizon cut
by the quadrant is the fun’s azimuth, reckoned
from the fouth,

PR O-
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PROBLEM XXV.

Tbe latitude, the fun’s aliitude, and bis azimuth
being given s to find bis place in the ecliptic, the
day of the month, and bour of the day, though
they bad all been lofs.

Rectify the globe for the latitude and * zenith,
and {et the quadrant of altitude to the given
azimuth in the horizon ; keeping it there, turn
the globe on its axis until the ecliptic cuts the
quadrant in the given altitude : that point of
the ecliptic which cuts the quadrant there, will
be the fun’s place; and the day of the month
anfwering thereto, will be found over the like
place of the fun on the wooden horizon. Keep
the quadrant of altitude in that pofition, and
having brought the fun’s place to the brafen
meridian, and the hour index to XII at noon,
turn back the globe, until the fun’s place cuts
the quadrant of alticude again, and the- index
will (hew the hour.

Any two points of the ecliptic which are
equidiftant from the beginning of Cancer or of
Capricorn, will have the fame altitude and azj-
muth at the fame hour, though the months be
different; and therefore it requires fome care in
this problem, not to miftake both the month,
and the day of the month ; to avoid which ob-
ferve, that from the 20th of March to the 21ft
of June, that part of the ecliptic which is be-

* By reQtifying the globe for the zenith, is meant fcrew-
Ing the quadrant of altitude to the given latitude on the
brals meridian,

tween
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tween the beginning of Zries and beginning of
Cancer is to be vfed : from the 211t of June to
the 23d of September, between the beginning
of Cancer and beginning of Libra . from the
23d of September to the z1ft of December,
between the beginning of Librs and the begin-
ning of Capricorr; and from the 2 ift of Decem.
ber to the 20th of March, between the begin-
nining of Capricorn and beginning of Arjes. And
as one can never be at a lofs to know in what
quarter of the year he takes the fun’s altitude
and azimuth, the above caution with regard to
the quarters of the ecliptic, will keep him right
as to the month and day thereof,

PROBLEM XXVL

To jind the length of the longeft day at any given
Place.

If the place be on the north fide of the equa-
tor, find its latitude (by Prob. 1.) and elevate
the north pole to that latitude ; then, bring the
beginning of Cancer e to the brafen meridian,
and fet the hour-index to XII at noon. Bur if
the given place be on the fouth fide of the
€quator, elevate the fouth pole to its laticude,
and bring the beginning of Capricorn w to the
brafs meridian, and the hour-index o XII.
This done, turn the globe weftward, until the
beginning of Camser or Capricorn (as the latitude
is north or fouth) comes to the horizon 3 and
the index will then point out the time of fun-
fetting, for it will have gone over all the afrep-
noon hours, between mid-day and fun-fet;

which
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which length of time being doubled, will givé
the whole length of the day, from fun-riﬁng to
fun-fetting.  For, in all latitudes, the fun rifes
as long before mid-day, as he fets after it.

PROBLEM XXVIL

To find in what latitude the longelt day is of any
given length lefs than 2.4 bours.

If the latitude be north, bring the beginning
of Cancer to the brafen meridian, and elevate
the north pole to about 665 degrees; but if
the latitude be fouth, bring the beginning of
Capricorn to the meridian, and elevate the {fouth
pole to about 661 degrees ; becaufe the longelt
day in north latitude, is when the fun is in the
firft point of Cancer; and in fouth latitude,
when he is in the fitt point of Capricern. Then
{et the hour-index to XII at noon, and turn the
globe weftward, until the index points at half
the number of hours given: which done, keep
the globe from turning on its axis, and flide the
meridian down in the notches, until the afore-
faid point of the ecliptic (viz. Cancer or Capri-
corn) comes to the horizon ; then, the elevation
of the pole will be equal to the latitude re-
quired.
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PROBLEM XXVIII

The lotitude of any place, not exceeding 66 Jo-
grees being given ;5 to find in what ® climate the
place is.

Find the length of the longeft day at the
given place'by Prob. XXVI. and whatever be
the number of hours whereby it exceedeth
twelve, double that number, and the fum will
anfwer to the climate in which the place is.

PROBLEM XXIX.

The latitude, and the day of the month, being given;
20 find the bour of the day when the fun fbines,

Set the wooden honizan truly level, and the
brafen meridian due north and fouth by a ma-
riner’s compafs: then, having reified the
globe, ftick a fmall fewing-needle into the fun’s
place in the ecliptic, perpendicular to that part
of the furface of the globe: this done, turn the
globe on its axis, until the needle comes to the
brafen meridian, and fet the hour-index to XII

* A climate, from the equator to either of the polar eip-
cles, 153 t1aét of the earth’s furface, incloded between two
fuch parallels of latitudz, that the length of the longelt day
in the one excerds that in the other by half an hour; but
from the pelar circles to the poles, where the fun keeps long
above the horizon without fetting, each climate differs a2
whole month from the one next to it. There are twenty-
four climates between the equator and each of the polar cir.
Cles; and fix from each polar circle to its refpective pole.

ak

289




290

The Ufe of the Terrefivial Globe.

at nooh 3 then, turn the globe on its axis, until
the needle points exa&ly towards the fun (which
it will do when it cafts no fhadow on the globe)
and the index will thew the hour of the day.

PROBLEM XXX,

A pleafant way of fhewing all thofe places of the
earth which are enlightened by the funs and alfo
the time of the day when the fun fhines.

Take the terreftrial ball out of the wooden
horizon, and alfo out of the brafen meridian ;
then fet it upon a pedeftal in fun-fhine, in fuch
2 manner, that its north pole may point directly
towards the north pole of the heaven, and the
meridian of the place where you are be directly
towards the fouth. Then, the fun will thine
upon all the like places of the globe, that he
dees on the real earth, rifing to fome when he
is fetting to others 3 as you may perceive by that
part where the enlightened half of the globe is
divided from the half in the fhade, by the
boundary of the light and darknefs : all thofe
places, on which the fun thines, at any time,
having day ; and all thofe, on which he does
not thine, having night.

If a narrow flip of paper be put round the
equator, and divided into 24 equal parts, be-
ginning at the meridian of your place, and the
hours be fet to thofe divifions in fuch a manner,
that one of the VI’s may be upon your meri-
dian ; the fun being upon that meridian at noon,
will then fhine exactly to the two X1IPs; and at

one o'clock to the two s, &c. So that the
place,
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place, where the enlightened half of the globe
1s parted from the fhaded half, in this circle of
hours, wili {hew the time of the dav.

The principles of dia‘iigg fhall be explained
farther on, by the terreftrial globe. At prefeyt
we [hall only add. the following obfervations
upon it; and then proceed o the ufe of the ce-
leftial globe,

o
Vation of the pole above the | orizon of that place,
and the elevation of the equalor is equal to the com-
Plement of the latitude, that 15y 19 what the latitude
wants of 9o deprees.

2. Dhofe places which lie on the equator, have uo
latitude, it being there that the latitude begins o and
thofe places which lic on the Jif meridian bave
no bongitude, it being there that the longitude be-
gins. Confequently, that particular place of the earth
where the firft meridion intenfelis the equator, has
neitber longitude nor latitude,

3+ At all places of the earth, except the poles,
all the points of the compafs may be diftinguifbed in
the borizon : but from the north pole, every place
is fouth s and from the South  pole, every place
is north.  Therefore, as the fun is conflantly ghove
the borizon of each pole for half a year in iss tarn,
o¢ cannot be [aid to depart from the meridian of
eitker pole for balf 4 JYear together. Confequently,
at the north pole it may pe Jaid to be poon every
moment for baif q Jear s and let the winds bipw
Srom what part they wil, they muft alweys blowy
Srom the fouth 5 and at the fourh poley from the
207D,

4+ Becaufe one balf of the ecliptic is ahoye the
borizon of the pole, and the fun, mocn, and planets
mave in (or pearly in) the ecliptic they will all

1. Tke latitude of any place is eanal 1o the cle-
E 1
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rife aund [et to the "*c But, becaufe the flars
never change their H cclinations from the equator (at
leaft not feryuf’y in one age) thefe which are once
above the horizon of cither pmﬂ, snever fel below it
and maje awhich are once below it, never ?zjo

. Al places of the earth do equally enjoy ! the be-
m:f t af the fun, in refpedt of time, and are equally
deprived of it

6. All places upon the equator lvmm their days
and nights equally long, that is, 12 bours each, at
all times of the year. For although the fun declines
alterngtely, fram the equator towards the north and
towards the fouth, yet, as the borizon of the equa-
tor cuts all the parallels of latitude and declination
in balves, the fun muff ahways continue above the
borizon for one balf a diurnal vevolution about the
earth, and for the other balf below it.

7. When the fun’s declination is greater than the
latitude of any place, upon either fide of the equator,
the fum awill come iwice to the fame azimuth or point
of the compafls in the forenoon, at that place, and
twice to a like azimuth in the aftePnoon 5 that is,
be will go twice back every day, whilft bis decling-
tion continues to be greater than ihe latitude. T hus,
Suppofe the plobe refiified to the latitude ¢f Barba-
does, wkzcb is 13 degrees novth y and the Sunto be
aiy where 14 she ecliptic, belween zr’n mrdu!b af
Tanrus and middle of Leos if the gquadrant of al-

T

titude be fet to about ¥ 18 drprees ,M,“ f! the eaft
in the borizon, the fun's P lace be marked with «

chalk upon the ecisym, and the globe be then larned
aweftward on its axis, the faid mork will ¥ife in the
horizon ¢ little to the worth of the quadrent, and
thence aftending, it will crofs the quadront sowards

* From the middle of Gemini to the middie of Cancer,
the quadrent may be fet 20 degrees.
iwe
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the fouth; but before it arrives at the mevidian, it
will crofs the quadrant again, and pafs over the
metidian nortbward of Barbadoes.  And if the
quadrant be fet about 18 degrees north of the weft,
the fun’s place will crofs it lwice, as it defeends from
the meridian towards the horizon, in the after-
#oon.

8. In all places of the earth between the equator
wid poles, the days and nights ave equally long, viz.
12 bours each, when the fun is in the equinoflial :
Jjor, in all elevations of the pole, fbort of go de-
grees (which is the greateft) one balf of the equator
or equinoitial will be abave the borizon, and the
ather balf below it.

9. The days and nights are never of an equal
length at any place between the equator and polar
circles, but when the [un enters the figns o Adries
and & Libra. For in every other part of the
edliptic, the circle of the fun’s daily motion is divided
into two unequal parts by the borizon.

10. The nearer that any place is to the equator,
the lefs is the difference berween the length of the days

and nights in that place ; and the mere remote,

the contrary. The circles whick the fun deferibes
in the beaven every 24 bours, being cut more nearly
equal in the former cafe, and more uneqgually in the
latter,

11, In all places lying upen amy given parallel
of latitude, however long or fhort the day or night
be at any one of thefe places, at any time of the
year, it 15 then of the fame length at all the reft 5
for in turning the globe round its axis (when relfi-
Jied according to the fuw's declination) all thefe
places will keep equally long above or below the
barizon, ,

12. The fun is vertical twice a year to every
Place berween the tropics 5 to thafe under the tropics,

2 once
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once a year, but never any where elfe, For, there
can be no place between the tropics, but that there
will be tws points in the ecliptic, whofe declination
from the equator is equal to the latitude of that
place 5 and but one pomnt of the ecliptic which bas g
declination equal to the latitude of places on the
tropic which that point of the ecliptic touchesy and
as the fan never goes without the iropics, be can
never be wertical to any place that lies without
them,

13. To all places in the *® torrid zone, the dura-
tion of the twilight is leaft, becaufe the [fuw's daily
motion is the moft perpendicular to the borizen. [In
the frigid T zones, greateft 5 becanfe the fun's daily
motion is nearly parallel to the horizon 3 and there-
Jfore be is the longer of getting 18 degrees below it
(#ill which time the rwilight always continues.)
And in the I temperate zones it is at a medium be-
rween the two, becaufe the obliguity of the fun's
daily motion is fo.

14. In all places hing exaflly under the polar
carcles, the fun, when he is in the neareft tropic,
continues 24 bours qbove the horizon without Jet-
ting 5 becanfe no part of that tropic is below their
borizon.  And when the fun is in the fartheft
tropic, ke is for the fame length of time withour
rifing 5 becaufe no part of that fropic is above their
borizon. But, at all other times of the year, he
rifes and [els there, as in other Places 5 becaufe all
the circles that can be dravon parallel to the equator,
between the tropics, are more or lefs cut by the
borizon, as they are farther from, or nearer to,
that tropic which is all above the borizon : and

* Between the tropics,
1 Between the polar circles and poles,
% Between the tropics and polar circles.

when




Terrefirial Globe.
when the fun is not in either of the fropics, khis
diurnal courfe muf be in one or oifer of thefe
cireles,

15. To all places in the northern besnifphese,
Sfrem the eguator o the polar circle, the longeft day
and fhorteft night is when the fun is in the morthery
tropics and the fhortel day and lengeft night is
when the fun is iy the [outhern tropic 5 becanfe no
circle of the fun’s daily motion is Jo much above the
berizen, and Jo little below it, as the northern tro-
pic s and none [o little above ity and fo much below
ity as the fomthern. In the Southern bemifphere,
lhe contrary, :

16. In all places betwe:n the polar circles and
poles, the fun appears for fome number of days (or
rather diurnal revolutions) without fetting s and ar
the appofite time of the year withont i tng 5 becaufe
Jome part of the ecliptic never fets in the Jormer
cafe, and a5 much of the oppofite part never rifes in
the latter.  And the nearer unto, or Lbe more re-
mote from the pole, thefe places are, the longer or
Shorter is the fun's continuing prefence or abfence.

7. If a fhip fets out from any port, and fails
round the earth eaffward to the fame port again,
let ber take what time foe will to do it in, the
peple in that fhip, in reckoning their time, will
gein one complete day at their return, or count’ope
day more than thofe who refide at the [ame port
becaufe, by going cantrary to the fun's diurnal motion,
and being forwarder cvery evening than they were
in the morning, their borizon ) get fo mach the
Jooner above the fetting fun, thap if they bad kepe
Jor a whele day at any particulay place.  And thus,
by cutting off a part proportionable to the;r 0w
"motion, from the length of every day, they i)l
gain a complete day of that Jort at their relurity
withoyt gasning one moment of abfiluie time more

2 oan
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then is elapfed during their courfe, to the people
at the port. If they fail weftward, they will rec-
kon one day lefs than the peaple do who refide at
the faid port, becaufe by gradually following the
apparent dinrnal motion of the fun, they will keep
bim cach particular day fo much longer above their
horizon, as anfwers to that day’s courfe s and by
that means, they cut off a whele day in reckoning,
at their rveturn, without lofing one moment of ab-
Jelure time. :

Hence, if two fhips fhould [et out at the [ame
time from any port, and fail round the glibe, one
eaftward and the other weftward, [o as to meet at
the fame port on any day whatever 5 they will differ
two days in reckoning their time, at their return.
If they fail twice round the earth, they will differ
four days ; if thrice, then fix, e,

LEE T 1X

The ufe of the celeftial globe, and  armillary
Spbere,

i3 AVING done for the prefent with the
¢ ¥ terreftrial globe, we fhall proceed to the
ufe of the celeftial; firft premifing, that as the
equator, ecliptic, n;opir.:s, polar circlcs, hori-
zon, and brafen meridian, are exactly alike on
both globes, all the former problems concern-
ing the fun are folved the lame way by both
globes.  ‘T'he method alfo of rettifying the
celeftial globe 1s the fame as retifying the ter-
reftrial, viz. Elevate the pole according to the
latitude of your place, then fcrew the quadrant
of altitude to the zenith, on the brafls meridian 4
bring the fun’s place in the ecliptic tg the
graduated edge of the brafs meridian, on the
2 - : =l fide
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{ide which is above the fouth point of the
wooden hotizon, and fet the hour-index to the
uppermoft XII, which ftands for noon.

N. B. The fun’s place for any day of the
year ftands direCtly over that day on the hori-
zon of the celeftial globe, as it does on that of
the terreftrial.

The latitude and longitnde of the fars, and of Latirude
all other celeftial phenomena, are reckoned in a and Jongi-
very different manner from the latitude and;ﬁf’f e
longitude of places on the earth : for all terref-
trial latitudes are reckoned from the equator
and longitudes from the meridian of fome re-
markable place, as of London by the Britifh,
and of Paris by the French; though moft of
the French maps begin their longitude at the
meridian of the ifland Ferro. But the aftre-
nomers of all nations ‘agree in reckoning the
latitudes of the moon, ftars; planets, and comets,
from the echiptic; and their longitudes from the
* equinoflial colure, in that femicircle of it which
cuts the ecliptic atr the beginning of Aries o 5
and thence eallward, quite round, to the fame
femicircle again. Confequenlty thofe ftars which
lie between the equinoctial and the northern
half of the ecliptic, have north declination and
fouth latitude; thofe which lie between the
equinottial and the fouthern half of the ecliptic,
have fouth declination and north latitude ; and

® The great circle that pafles through the equinodtial points
at the beginning of op” and =, and through the pales of
the avordd (which are two oppofite points, each go desrecs
from the eouinottial) is called the equinedlial cofure : and the
great cirele that pafles through the deginning of o5 and ¥p,
and alfo through the poles of ihe ecliptic, and poles of the
world, is called the Jfolfitial colure.

U 4 all
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all thofe which lie between the tropics and poles,
have their declinations and latitudes of the fame
denomination.

There are fix great circles on the celeftial
globe, which cut the ecliptic perpendicularly,
and meet in two oppofite points in the polar
circies; which points are each ninety degrees
fgom the ecliptic, and are called its poles.
Thefe polar points divide thofe circles into 12
femicireles s which cut the ecliptic at the begin-
nings of the 12 figns. They refemble fo many
meridians on the rerreftrial globes; and as all
places which lie under any pariicular meridian
femicircle on that globe; have the fame longi-
tude, fo all thofe points of the heaven, through
which any one of the above femicircles are
drawn, have the fame longitude.—And as the
greate(t latitudes on the earth are at the north
and fouth poles of the earth, fo the greate(t lati-
tudes in the heaven, are at the north and fouth
poles of the ecliptic.

In order to diftinguith the ftars, with regard
to their fitvations and pofitions in the heaven,
the ancients divided the whole vifible firmament
of ftars into particular fyftems, which they called
conftellations 5 and digefted them into the forms
of fuch animals as are delineared upon the celef-
tial globe. And thofe ftars which lie between
the figures of thofe imaginary animals, and
could not be brought within the compafs of any
of them, were called unformed fars.

Becaufe the moon and all the planets were
obftrved to move in circles or orbits which crofs
the ecliptic (or line of the fun’s path) at fmall
angles, and to be on the north fide of the eclip-
tic for one half of their courfe round the hea-
ven of ftars, and on the fouth fide of it for the
other
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other half, but never to go quite 8§ degrees from
it on either fide, the ancients diftinguilhed that
fpace by two leffer circles, parallel to the ecliptic
(one on each fide) at 8 degrees diftance from it,
And the fpace included between the circles,
they called the zodiac, becaufe moft of the 12
conftellations placed therein refemble fome living
creature.—Thefe conftellations are, 1. Aries o,
the ram ; 2. Tawrus ¥ ,the bull; 3. Gemini n,
the twins ;5 4. Cancer %, the craby 5. Leo g,
the liony 6. Virgo m, the virgin: 7. Libra ~,
the balance ; 8 Seerpio m, the fcorpion; 9. Sa-
Littarius 3 , the archery 10. Capricornms we, the
goat; I1. Aquarius #, the water bearer; and
12. Pifees 3, the fifhes.

299

It is to be obferved, that in the infancy of Remark,

aftronomy, thefe twelve conftellations ftood at
or near the places of the ecliptic, where the
above charalteriftics are marked upon the globe :
but now, each conftellation has got a whole fign
forwarder, on account of the receflion of the
equinoctial points from their former places, So
that the conftellation of Aries, is now in the
former place of Taurus; that of Taurus, in the
former place of Gemini ; and fo on.

The ftars appear of different magnitudes to
the eye; probably becaufe they are at different
diftances from us. Thofe which appear bright.
eft and largeft, are called Sfars of the firft mag-
nitude 5 the next to them in fize and luftre, are
called fars of the fecond magnitude ; and fo on
to the fixth, which are the {fmalleft that can be
difcerned by the bare eye,

Some of the moft remarkable ftars have names
given them, as Caftor dnd Pollux in the heads of
the Twins, Sirius in the mouth of the Grear
Dag, Procyon in the fide of the Little Dog, Rigel

n
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in the left foot of Orion, Ariturus near the right
thigh of Bootes, &c.

Thele things being premifed, which T think
are all that the young Tyro need be acquainted
with, before he begins to work any problem by
this globe, we fhail now proceed to the moit
ufeful of thofe problems ; omitting feveral which
are of little or no confequence.

PROBLEM I

To find the * right afcenfion and + declination of
the [um, or any fized ftar.

Bring the fun’s place in the ecliptic to the
brafen meridian, then that degree in the equi-
notial which is cut by the meridian, is the fun’s
right afeenfion 5 and that degree of the meridian
which is over the {un’s place, is his declination,
Bring any fixed ftar to the meridian, and its
right afcenfian Will be cut by the meridian in the
equinoctial ; and the degree of the meridian that
ftands over it, is its declination.

So that right afcenfion and declination, on the
celeftial globe, are found in the fame manner
as longitude and latitude on the terreftrial.

* The degree of the equinotial, reckoned from the be-
ginning of Arées, that comes to the meridian with the fon or
flar, is its vight afeenfion.

+ The dittance of the fun or ftar in degrees from the equi-
notial, towards cither of the poles, north or fouth, is its
declination, which is north or fouth accordingly.
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PROBLEM IL
To jind the latitude and longitude of any Rar,

If the given ftar be on the north fide of the
ecliptic, place the goth degree of the quadrang
of aliitude on the north pole of the ecliptic,
where the twelve femicircles meet ; which di-
vide the ecliptic into the 12 Ggns: but if the
ftar be on the fouth fide of the ecliptic, place
the goth degree of the quadrant on the fouth
pole of the ecliptic : keeping the goth degree of
the quadrant on the proper pole, turn the qua-
drant about, until its graduated edge cuts the
ftar : then, the number of degrees in the qua-
drant, between the eciiptic and the ftar, is its
latitude ; and the degree of the ecliptic cuc by
the quadrant is the ftar’s longitude, reckoned
according to the fign in which the quadrang
then is. :

PROBLEM III

To reprefent the face of the Harry firmament, .as
Seen from any given place of the earth, at any
bour of the night.

Redtify the celeftial globe for the given lati-
tude, the zenith, and fup’s place, in every re-
{pect, as taught by the 14th problem, for the
terreftrial ; and turn it abour, until the index
points to the given hour: then, the upper he-
mifphere of the globe will reprefent the yifible
half of the heaven for shat time: all the ftars

upon

301




The Ufe af the Celeflial Globe,

upon the globe being then in fuch fitnations, as
exactly correfpond to thole in the heaven, And
if the globe be placed duly north and fouth, by
means of a {mall fea-compafs, every ftar on the
globe will point toward the like ftar in the hea-
ver: by which means, the conftellations and
remarkable ftars ‘may be eafily known. All
thofe ftars which are in the eaftern {ide of the
horizon, are then rifing in the eaftern fide of
the heaven; all in the weftern, are fetting in
the weftern fide; and all thofe under the upper
part of the brafen meridian, between the fouth
point of the horizon and the north pole, are at
their greateft altitude, if the latitude ‘of the
place be north: but if the latitude be fouth,
thofe ftars which lie under the upper pare of the
meridian, between the north point of the hori-
zon and the fouth pole, are at their greatell
altitude.

PROBLEM IV.

The latitude of the place, and day of the month,
being givens to find the time when any known
Sfrar will vife, or be on the meridian, or fel.

Having rectified the globe, turn it about un-
til the given ftar comes to the eaftern fide of the
horizon, and the index will thew the time of
the ftar’s rifing; then turn the globe weftward,
and when the {tar comes to the brafen meridian,
the index will thew the time of the ftar’s coming
to the meridian of your place; laftly, turn on,
until the ftar comes to the weftern fide of the
horizon, and the index will fhew the time of the
ftar’s fecting. '

AT
N. B,
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N. B. In northern latitudes, thofe ftars which
ae lefs diftant from the north pole, than [the
quantity of its elevation above the north poinc
of the horizon, never let; and thofe which are
lefs diftant from the fouth pole, than the num-
ber of degrees by which it is depreffed below
the horizon, never rife : and wvice ver/Z in fouth-
ern latitudes,

PROBLEMYV.

To find at what time of the year a given flar will
be upon the meridian, at a given bour of the
night.

Bring the given ftar to the upper femicircle
of the brafs meridian, and fer ths index to
the given hour ; then turn the globe, until the
index points to XI1 at noon, and the upper fe-
micircle of the meridian will then cut the fun’s
place, an{wering to the day of the year fought ;
which day may be eafily found againt the like
place of the fun among the {igns on the wooden
horizon. 5

PROBLEM VL

The latitude, day of the month, and® cximuth of

any known far being given ; to find the bour of
the night,

Having re&ified the globe for the latitude,
zenith, and {un’s place; lay the quadrant of

* The number of degrees that the fup, moon, or any ftar,
Is from the meridian, either to the eaft or well, is called its
aximuth,

altitude
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altitude to the given degree of azimuth in the ho-
rizon : then turn the globe on its axis, until the
ftar comes to the graduated edge of the qua-
drant ; and when it does, the index will poing
out the hour of the night.

PROBLEM VIL

The latitude of the place, the day of the month,
and altitude * of any known flar, being given;
to find ihe bour of the wight.

Rectify the globe as in the former problem,

wefs at the hour of the night, and turn the
globe until the index points at the fuppofed
hour 3 then lay the graduated edge of the qua-
drant of altitude over the known ftar, and if the
degree of the ftar’s height in the quadrant upon
the globe, anfwers exactly to the degree of the
{tar’s ohferved altitude in the heaven, you have
gueffed exactly : bt if the ftar on the globe is
higher or lower than it was obferved to be in the
heaven, turn the globe backwards or forwards,
keeping the edge of the quadrant upon the ftar,
until its center comes to the obferved altitude in
the quadrant ; and then, the index will fhew the
true time of the night.

* The number of degrees that the flar is above the hori-
zon, oblerved by means of a commen quadrant, is called
its altdtude.
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PROBLEM VIIL

An eafy method for finding the bour of the night by
any two known flars, without knowing either
their altitude or azimuths and then, of finding
both their altityde and aximuth, and theveby the
trie meridian.

Tie one end of a thread to a common mufket
bullet ; and, having reétified the globe as above,
hold the other end of the thread in your hand,
and carry it flowly round betwixt your eye and
the ftarry heaven, until you find it cuts any two
known ftars at once. Then, guefling at the
hour of the night, turn the globe until the index
points to the time in the hour-circle; which
done, lay the graduated edge of the quadrant
over any one of thefe two ftars on the globe,
which the thread cut in the heaven. If the faid
edge of the quadrant cuts the other (tar alfo, you
have guefled the time exadtly ; but if it does
not, turn the globe flowly Backwards or for-
wards, until the quadrant (kept upon either ftar)
cuts them both through their centers : and then,
the index will point out the exact time of the
night ; the degree of the horizon, cut by the
quadrant, will be the true azimuth of both thefe
ftars from the fouth; and the ftars themfelves
will cut their true altitudes in the quadrant. At
which moment, if a common azimuth compafs
be fo fet upon a Acor or level pavement, that
thefc ftars in the heaven may have the fame
bearing upon it (allowing for the variation of
the needle) as the quadrant of altitude has in the
wooden horizon of the globe, a thread extended
over the north and fouth points of that compafs

6 will
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will be direétly in the plane of the meridian:
and if a line be drawn upon the floor or pave-
ment, along the courfe of the thread, and an up-
right wire be placed in the fouthmott end of the
line, the fhadow of the wire will fall upon that
line, when the fun is on the meridian, and fhines
upon the pavement.

PROBLEM IX.

Ts find the place of the meon, or of any planet 5 and
thereby to fhew the time of its rifing, [outhing,
and felling.

Seek in Parker’s or Whit’s Ephemeris the
* geocentric place of the moon or planet in the
ecliptic, for the given day of the month, and,
according to its longitude and latitude, as fhewn
by the Ephemeris, mark the fame with a chalk
upon the globe. Then, having reftified the
globe, turn it round its axis weflward; and as
the faid mark comes to the eaftern fide of the
horizon, to the brafen meridian, and to the
weftern fide of the horizon, the index will fhew
at what time the planet rifes, comes to the meri-
dian, and fets, in the fame manner as it would
do for a fixed ftar.

PROBLEM X
Do explain the phenomena of the barveft moon,

In order to do this, we muft premife the fol-
lowing things. 1. That as the fun goes only

*® The place of the moon or planet, as feen from the
earth, is called its geocentric place,

3 once
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once a year round the ecliptic, he can be but
once a year in any particular point of it: apd
that his motion is almoft a degree every 24
hours, at a mean rate. 2. That as the moon
goes round the ecliptic once in 27 days and 8
hours, fhe advances 13 degrees in it every
day at a mean rate. 3. That as the fun goes
through part of the ecliptic in the time the
moon goes round it, the moon cannot at any time
be either in conjunction with the fun, or appofite
to him, in that part of the ecliptic where [he was
{fo the laft time before; bur moft travel as
much forwarder, as the fun has advanced in the
faid rime : which being 292 days, makes almoft
a whole fign. Therefore, 4. The moon can be
but once a year oppofite to the fun, in any
pargicular parc of the eclipric, 5. That the
moon is never full but when fhe is oppolfite to
the fun, becaufe at no other time can we fee all
that half of her, which the fun enlightens. 6, That
when any point of the ecliptic rifes, the oppolite
point fets. Therefore, when the moon is oppo-
fite to the fun, the muft rife ac * fun fer. 2. That
the different figns of the ecliptic rife at very dif-
ferent angles or degrees of obliquity with the
horizon, efpecially in confiderable latitudes ; and
that the {maller this angle is, the greater is the
portion of the ecliptic that rifes in any fmall par¢
of time 3 and wice verfd. 8. That, in northern
latitudes, no part of the ecliptic rifes at fo {mall
an angle with the horizon, as Pifees and rjes do;
therefore, a greater portion of the ecliptic rifes in

® This is not always ftriétly true, becaufe the moon does
not keep in the ecliptic, but crofles it twice every month,
However, the difficrence need not be regarded ina general
explanation of the caufe of the harveft moun,

X ong
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one hour, about thefe figns, than about any of
the reft, 9. That the moon can never be full
in Pjfces and Aries but in our autumnal months,
for ar no other time of the year is the fun inthe
oppofite figns ¥irgo and Libra.

Thefe things premifed, take 157 degrees of
the ecliptic in your compafles, and beginning at
Pifces, carry that extent all round the ecliptic,
marking the places with a chalk, where the
points of the compaffes fucceflively fall.  So
you will have the moon’s daily motion marked
out for one complete’ revolution in the ecliptic
(according to § 2 of the laft paragraph.)

Redify the globe for any confiderable northern
latitude, (as fuppofe that of London) and then,
turning the globe round its axis, obferve how
much of the hour circle the index has gone over,
at the rifing of each particular mark on the
ecliptic; and you will find that feven of the
marks (which take in as much of the ecliptic as
the moon goes through in a week) will all rife

“{ucceflively about Pifees and Aries in the time

that the index goes over two hours. Therefore,
whillt the moon is in Pifees and Avries, the will not
differ in general above two hours in her rifing
for a whole week, But if you take notice of
the marks on the oppofite figns, Pirgo and Libra,
you will find that {even of them take nine hours
to rife; which fhews, that when the moon is in
thefe two figns, fhe differs nine hours in her
rifing within the compafs of a week. And fo
much later as every mark is of rifing than the
one that rofe next before it, fo much later will
the moon be of rifing on any day than fhe was on
the day before, in the cotrefponding part of the
heaven. 'The marks about Cancer and Gapricorn
rile
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tife at 2 mean difference of time between thofe
about dries and Libra.

Now, -although the mdon is in Pifees and Aries
every month, and therefore muft nfe in thofe
figns within the fpace of two hours later for a
whole week, or only about 17 minutes later
every. day then fhe did on the former; yet fhe
is never full in thefe figns, but in our autumnal
months, Augaft and September, when the fun 1sin
Virgo and Libra. Therefore, no full moon 10
the year will continue to rife fo near the time of
fun fet for a week or fo, as thefe two full moons
do, which fall in the time of harveft.

In the winter months, the moon is in Pifees
and Aries about her firft quarter 3 and as thefe
fighs rife about noon in winter, the moon’s rif-
ing in them paffes unobferved. In the fpring
months, the moon changes in thefe figns, and
confequently rifes at the fame time with the fun 3
fo that it is impoffible to fee her at that time.
In the fummer months fhe is in thefe figns about
her third quarter, and rifes not until mid-night,
when her rifing is but very little taken notice
of ; efpecially as the is on the decreafe. Butin
the harveft months fhe is at the full, when in
thefe figns, and being oppofite to the fun, fhe
tifes when the fun fets (or foon after) and fhines
all the night.

Infouthern latitudes, #irgo and Libra rife at as
fmall angles with the horizon, as Pjfcesand Aries
do in the northern ; and as our fpring is at the
time of their harveft, it is plain their harveft full
imoons muft be in Péirpe and Libra; and will
therefore rife with as little difference of time, as
Qurs do in Pifces and Aries.

X 2 For

9
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For a fuller account of this matter, I muft

refer the reader to my Aftronomy, in which it is
deferibed at large,

PROBLEM XL

To explain the equation of time, or dijference of time
between well vegnlated clocks and true Jun-dials.

The earth’s motion on its axis being perfedtly
equable, and thereby caufing an apparent
equable motion of the ftarry heaven round the
iame axis, produced to the poles of the heaven ;
it 13 plain that equal portions of the celeftia
€quator pafs over the meridian in equal parts of
tume, becaufe the axis of the world is perpendi-
cular to the plane of the equator. And there-
tore, if the fun kept his annual courfe in the
celeftial equator, he would always revolve from
the meridian to the meridian again in 24 hours
exaltly, as fhewn by a well-regulated clock.

But as the fun moves in the ecliptic, which ig
oblique both to the plane of the equator and axis
of the world, he cannot always revolve from the
meridian to the meridian again in 2,4 equal
hours; but fometimes a little fooner, and at
other times a litde lacter, becaufe equal portions
of the ecliptic pafs over the meridian in unequal
parts or time on account of its obliquity., And
this difference is the {ame in all latitudes.

To fhew this by a globe, make chalk-marks
all round the equator and ecliptic, at equal
diftances from one another ({fuppofe 10 degrees)
beginning at Aries or at Libra, where thefe two
circles interfe@ each other. Then turn the
globe
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The Uje of the Terrefivial Globe,

globe round its axis, and you will fee that all
the marks in the firlt quadrant of the ecliptic, or
from the beginning of Arics to the beginning of
Cancer, come fooner to the brafen meridian than
their correfponding marks do on the equator :
thofe in the fecond guadrant, or from the be-
ginning of Cancer to the beginning of Libra,
come later : thofe in the third quadrant, from
Libra o Capricorn, fooner; and thofe in the
fourth, from Capricorn to Aries, later. But thofe
at the beginning of each quadrant come to the
meridian at the fame time with their correlpend-
ing marks on the equator.

Therefore, whillt the fun is in the A1 and
third quadrants of the ecliptic, he comes fooner
to the meridian every day than he would do if
he kept in the equator ; and confequently he is
fafter than a well regulated clock, which always
keeps equable or equatorial time : and whilft he
is in the fecond and fourth quadrants, he comes
latter to the meridian every day than he would
do if he kept in the equator ; and is therefore
flower than the clock. But at the beginning of
€ach quadrant, the fun and clock are equal,

And thus, if the fun moved equably in the
ecliptic, he would be equal with the clock on
four days of the year, which would have equal
intervals of time between them. Bur as he
moves faflter at fome times than ar others (being
eight days longer in the northern half of the
ecliptic than in the fouthern) this will caufe 1
fecond inequality ; which combined with the
former, arifing from the obliquicy of the ecliptic
to the equator, makes up that difference, which
15 Thewn by the common equatica tables to be
between good clocks and true {un-dials,
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Plate XX,

Fig. 1.

The ar-
miliary
Apbere.

Of ke Armillary Sphere.

fb"e defcription and ufe of the armillary fphere,

WhO(:ver has feen a common armillery [phere,
and underftands how to ufe it, muft be fenfible
that the machine here referred to, is of a very
different, and much more advantageous con-
ftroétion.  And thofe who have feen the curious
glafs {phere invented by Dr. Lo, or the figure
of it in his muonomy, muflt know that the fur-
niture of the terreftrial globe in this machine,
the form of the pe*c&a] and the manoer of
turning either the earthly globe or the circles
which furround it, are all (.Op'( ! from the
Doctor’s glafs {phere; and that the only diffe-
rence 15, a parcel of rings inftead of a glafs celef-
tial o’obc, and all the additions are a moon
within the fphere, and a femicircle upon the
pedeftal.

"The exterior parts of this machine are a com-
pages of brafs rings, which reprefent the princi-
pal circles of the h(“VC"] viz. 1. The equinoétial
A A, wimn is divided into 360 degrees, (begin-
ning at its interfection with the uhptlc in Aries)
for 1h(’mnrr the {un’s right afcenfion in dcgrees s
and allo into 24 hours, for fhewing his uoht
afcenfion in time. 2. The ecliptic B B which is
divided into 12 figns, and each fign into 30 de-
grees, and alfo into the months and days of the
year ;3 in fuch a manner, that the degree or point
of the ecliptic in which the fun is, on any given
fhy, ftands over thatday in the circle of months.

. The tropic of Canéer C C, touching the eclip-
tlf‘ at the beginning of Cancer in ¢, and the
tr0p1c of (,zapmm.s D D, touching the echpuc at
the beginning of Capricornin f each 23~ degrees
trom



Of the drmillary Sphere.

from the equino&ial circle. 4. The ar&ticcircle
£, and the antarétic circle F, each 23% degrees
from its refpetive pole at IV and §. 5. The
equinoial colure G G, paffing through the
north and fouth poles of the heaven at NV and §,
and through the equino&ial points Aries, and
Libre in the ecliptic. 6. The folftitial colure
H H, paffing through the poles of the heaven,and
through the folftitial points Cancer and Capriceri,
in the ecliptic. Each quarter of the former of
thefe colures is divided into godegrees, from the
equinoctial to the peles of the world, for thew-
ing the declination of the fun, moon, and ftars ;
and each quarter of the latter, from the ecliptic
at e and f, to its poles £ and 4, for fhewing the
latitude of the ftars.

In the north pole of the ecliptic is a2 nut &, to
which is fized one end of a quadrantal wire, and
to the other end a {mall {un 27, which is carried
round the ecliptic B B, by turning the nut: and
in the fouth-pole of the ecliptic is a pin at 4, on
which is another quadrancal wire, with a fmall
moon Z upon it, which may be moved round by
hand : but there is a particular contrivance for
caufing the moon to move in an orbit which
crofits the ecliptic at an angle of 5% degrees, in
two oppolite points called the maon’s nades; and
alfo for fhifting thefe points backward in the
ecliptic, as the moon’s nedes fhift in the heaven.

Within thefe circular rings is a fmall terref>
trial globe 7, fixe on an axis K K, which extends
from the north and fouth poles of the glote at #
and s, to thofe of the celeftial fphere at N and §.
On this axis is fixt the flat celeftial meridian I, L,
which may be fet direflly over the meridian of
any place on the globe, and then turned round
with the globe, fo as to keep over the fame

X 4 meridian

3




Of the Arinillary Sphere.

seridian wpon it. This flac meridian is gra-
duated the fame way as the brafs meridian of
a common globe, and its ufe is much the fame.
To this globe is fitted the moveable horizon
M M, fo as to turn upon two ftrong wires pro-
ceeding from its eaft and weft points to the
globe, and entering the globe at oppofite points
of its equator, which is a moveable brafs ring let
into the globe ina groove all around its equator.
The globe may be turned by hand within this
ring, o as to place any given meridian upon it,
directly under the celeftial meridian 7 L. The
horizon is divided into 360 degrees all around
its outermoft edge, within which are the points
of the compals, for fhewing the amplitude of
the {un and moon, both in degrees and points.
The celeftial meridian L I pafles through two
notches in the north and fouth points of the
horizon, as in a common globe: but here, if
the globe be turped round, the horizon and
meridian turn with it. At the fouth pole of the
iphere is a circle of 24 hours, fix to the rings,
and on the axis is an index which goes round
that circle, if the globe be turned round its
axis.

The whole fabric is fupported on a pedeftal
N, and may be elevated or deprefied upon the
joint O, to any number of degrees from o to 90,
by means of the arc P, which is fixed in the
{trong brafs arm £, and flides in the upright
piece B, in which is a ferew at 7, to fix it 4t any
proper elevation,

In the box 7 are two wheels (as in Dr. Long’s
iphere) and two pinions, whole axes come out
at 7 and U5 either of which may be turned by
the fmall winch /7. When the winch is put
upen the axis , and turned backward, the ter-
reftrial
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reftrial globe, with its horizon and celeftial me-
ridian, keep at reft; and the whole fphere of
circles turns round from eaft, by fouth, to weft,
carrying the fun 2, and moon Z, round the fame
way, and caufing them to rife above and fet be-
low the horizon. But when the winch is put
upon the axis U, and turned forward, the {phere
with the fun and moon keep at reft; and the
earth, with its horizon and meridian, turn round
from weft, by fouth, toeafl ; and bring the fame
points of the horizon to the fun and moon, to
which thefe bodies came when the earth keptat
reft, and they were carried round it; fhewing
that they rife and fet in the fame points of the
horizon, and at the {fame time in the hour-circle,
whether the motion be in the earth or in the
heaven. If the earthly globe be turned, the
hour-index goes round its hour-circle 3 but if
the {phere be turned, the hour-circle goes round
below the index.

And fo, by this conftruftion, the machine is
equally fitred to fhew either the real motion of
the earth, or the apparent motion of the hea-
ven.

To redify the fphere for ufe, firft flacken the
{crew r in the upright ftem R, and taking hold
of the arm Q. mave it up or down until the
given degree of latitude for any place be at the
fide of the fltem R ; and then the axis of the
fphere will be properly elevated, fo as to ftand
parallel to the axis of the world, if the machine
be fet north and fouth by a fmall compafs : this
done, count the laritude from the north-pole,
upon the celeftial meridian L L, down towards
the north notch of the horizon, and fet the hori-
zon to that latitude 3 then, turn the nut 4 until
the fun 2 comes to the given day of the year in

the
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the ecliptic, and the fun will be at its proper

lace for that day : find the place of the moon’s
afcending node, and alfo the place of the moon,
by an Ephemeris, and fet them right accord=
ingly : laftly, turn the winch 77, until either the
fun comes to the meridian L L, or until the mes
ridian comes to the fun (according as you want
the fphere or earth to move) and fer the hour-
index to the XII, marked noon, and the whole
machine will be rectified. Then turn the
winch, and oblerve when the fun or moon rife
and fet in the borizon, and the hour-index will
{hew the times thereof for the given day.

As thofe who underftand the ufe of the globes
will be at no lofs to work many other problems
13_\; this fphere, it is ncedlels to enlarge any
farther upon 1.

B BACHT bl
The principles and art of dialing.

Dial is a plane, upon which lines are de-
A {cribed in fuch a manner, that the fhadow
of a wire, or of the upper edge of a plate ftile,
erefted perpendicularly on the planeof the dial,
may fhew the true time of the day.

The edge of the plate by which the time of
the day is found, is called the ftile of the dial,
which muft be parallel to the earth’s axis; and
the line on which the faid plate is erected, is
called the fubftile.

The angle included between the fubftile and
i{’tile, is called the elevation, or height of the
tile.

Thofe dials whofe planes are parallel to the
plane of che horizon, are called horizontal dials
4 and
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and thofe dials whofe planes are perpendicular
to the plane of the horizon, are called vertical;
or eret dials.

Thofe ereét dials, whole planes direttly front
the north or fouth, are called diret north or
fouth dials; and all other erett dials are called
decliners, becaufe their planes are turned away
from the north or fouth.

Thole dials whofe planes are neither parallel
nor perpendicular to the plane of the horizon,
are called inclining, or reclining dials, accord-
ing as their planes make acute or obtufe angles
with the horizon; and if their planes are alfa
tarned afide from facing the fouth or north,
they are called declining-inclining, or declining-
reclining dials,

The interfection of the plane of the dial, with
that of the meridian, pafling through the fiile,
is called the meridian of the dial, or the hours
lipe of XIL.

Thofe meridians, whofe planes pafs through
the ftile, and make angles of 15, 30, 45, 60,
75, and go degrees with the meridian of the
place (which marks the hour-line of XII) are
called hour-circles; and their interfections with
the plane of the dial, are called hour-lines.

In all declining dials, the {ubftile makes an
angle with the hour-line of X1I ; and this angle
1s called the diftance of the {ubftile from the
meridian,

The declining plane’s difference of longitude,
is the angle formed at the interfeétion of the
ftile and plane of the dial, by two meridians ;
one of which pafies through the hour-line of XII,
and the other through the fubfile,

This
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Of Dialing.
This much being premifed concerning dials in ge
ueral, we foall now proceed to explain the different
methods of their confirutiion.
If the whole earth ¢ P ¢ p were tranfparent,

-and hollow, like a fphere of glafs, and bad its

equator divided into 24 equal parts by fo many
meridian femicircles, a, &, ¢, 4, ¢, f, g, &c. one
of which is the geographical meridian of any
given place, as London (which is fuppofed to
be at the point 2;) and if the hours of XII
were marked at the equator, both upon that
meridian and the oppofite one, and all the reft
of the hours in order on the reft of the meri-
dianps, thole meridians would be the hour-circles
of London : then, if the {phere had an opake
axis, as P E p, terminating in the poles P and
p. the fhadow of the axis would fall upon every
particular meridian and hour, when the fun
came to the plane of the oppofite meridian, and
would confequently fhew the time at London,
and at all other places on the meridian of
L.ondon. .

If this fphere was cut through the middle by
a folid plane ABC D, in the rational horizon of
London, one half of the axis £ P would be
above the plane, and the other half below it
and if ftraight lines were drawn from the center
of the plane, to thole points where its circum-
ference is cut by the hour-circles of the fphere,
thofe lines would be the hour-lines of a hori-
zontal dial for London : for the thadow of the
axis would fall upon each particular houi-line
of the dial, when it fell upon the like hour-circle
of the fphere. :

If the plane which cuts the fphere be upright,
as A FCG, touching the given place (London)
at I, and dire€tly facing the meridian of Lon-
‘ doﬂ 3
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don, it will then become the plane of an eredt
direct fouth dial : and if right lines be drawn Pevtival
from its center E, to thofe points of its circum-dia,
ference where the hour-circles of the fphere cut
it, thefe will be the hour lines of a vertical op
direct fouth dial for London, to which the hoyurs
are to be fet as in the figure (contrary to thofe
on a horizontal dial) and the lower half Ep of
~ the axis will caft a thadow on the hour of the
day in this dial, at the fame time thar it would
fall upon the like hour-circle of the {phere, if
the dial-plane was not in the way.

If the plane (ftill facing the meridian) be 7,550
made to incline, or recline, by any given number and re-
of degrees, the hour-circles of the Iphere willchining
ftill cut the edge of the plane in thofe points ro 444+
which the hour-lines muft be drawn {traight
from the center; and the axis of the fphere will
caft a fhadow on thefe lines at the refpedtive
hours. The like will fill hold, if the plane be
made to decline by any given number of degrees dials.
from the meridian, towards the eaft or weft:
provided the declination be lefs than go degrees,
or the reclination be lefs than the co-latitude
of the place: and the axis of the Iphere will be
a gnomon, or ftile, for the dial. But it cannot
be a gnomon, when the declination is quite go
degrees, nor when the reclination is equal to
the co-latitude; becaufe in thefe two cafes,
é}'le] axis has no elevation above the plane of the

1al.

And thus it appears, that the plane of every
dial reprefents the plane of fome great circle
upon the earth; and the gnomon the earh’s
axis, whether it be a fmall wire, as in the above
figures, or the edge of a thin plate, as in the
commen horizontal dials, -

Deelinin 13
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The whole earth, as to its bulk, is but a
point, if compared to its diftance from the fun:
and therefore, if a fmall fphere of glals be placed
upon any part of the earth’s furface, fo that
its axis be parallel to the axis of the earth, and
the fphere have fuch lines upon it, and fuch
planes within it, as above defcribed; it will
fhew the hours of the day as truly as if it were
placed at the earth’s center, and the fhell of the
earth were as tranfparent as glafs.

But becaufe it is impoflible to have a hollow
{phere of glafs ngl:féﬁ!y true, blown round a
folid planey or if it was, we could not get at
the plane within the glafs to fet it in any given
pofition; we make uvfe of a wire-fphere to ex-
plain the principles of dialing, by joining 24
femicircles together at the poles, and putting a
thin flat plate of brafs within it

A common globe, of 12 inches diameter, has
generally 24 meridian femicircles drawn upon
it. If {uch a globe be elevated to the latitude of
any given place, and turned about until any one
of thefe meridians cuts the horizon in the north
point, where the hour of XII is fuppofed to
be marked, the reft of the meridians will cut
the horizon at the refpeétive diftances of all the
other hours from XII. Then, if thefe points of
diftance be marked on the horizon, and the
globe be taken out of the horizon, and a flat
board or plate be put into its place, even with
the furface of the horizon ; and if ftraight lines
be drawn from the center of the board, to thofe
points of diftance on the horizon which were
cut by the 24 meridian femicircles, thefe lines
will be the hour-lines of a horizontal dial for
that latitude, the edge of whofe gnomon muft
be in the very fame ficuation that the axis of the
globe
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globe was, before it was taken out of the hori-
zon: that is, the gnomon muft make an angle
with the plane of the dial, equal to the latitude
of the place for which the dial is made,

If the pole of the globe be elevated to the
* co-latitude of the given place, and any meri-
dian be brought to the north point of the hori-
zon, the reft of the meridians will cut the horizon
in the refpeétive diftances of all the hours from
X1I, for a dirett fouth dial, whofe gnomon mufk
make an angle with the plane of the dial, equal
to the co-lanitude of the place; and the hours
muft be fet the contrary way on this dial, to
what they are on the horizontal.

But if your globe have more than 24 meri-
dian femicircles upon it, you muft take the
following method for making Aorizontal and
Jouth dials by it,

Elevate the pole to the latitude of your place, To con-
and turn the globe until any particular meridian ;t“_‘_& i
(fuppofe the firft) comes to the north point of 777"
the horizon and the oppolite meridian will cut
the horizon in the fouth. Then, fet the hour-
index to the uppermoft X1I on its circle ; which
done, turn the globe weftward until 15 degrees
of the equator pafls under the brafen meridian,
and then the hour-index will be at I, (for the fun
moves 15 degrees every hour) and the firft meri-
dian will cut the horizon in the number of de-
grees from the north point, that I is diftant from
XI1I. Turn on, until other 15 degrees of the
equator pafs under the brafen meridian, and the
hour-index will then be at II, and the firft me-

* If the latitade be fubtrafted from go degrees, the re-
mainder is called the co-latitude, or complement of the
latitude,

ridian
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ridiah will cut the horizon in the number of
degrees that 11 is diftant from XII: and {o, by
making 15 degrees of the equator pafs under
the brafen meridian for every hour, the firft me-
ridian of the globe will cut the horizon in the
diftances of all the hours from XII to VI, which
is juft go degrees; and then you neced go no
farther, for the diftances of XI, X, IX, VIII,
VII, and VI, in the forenoon, are the {ame
from XII, as the diftances of I, II, 111, IV, V,
and VI, in the afternoon : and thefe hour-lines
continued through the center, will give the
oppofite hour-lines on the other half of the dial:
but no more of thefe lines need be drawn, than
what anfwer to the fun’s continuance above the
horizon of your place on the longeft day, which
may be eafily found by the 26th problem of the
foregoing leCture.

Thus, to make a horizontal dial for the lati-
tude of London, which is 51% degrees north,
elevate the north pole of the globe 51+ degrees
above the north point of the horizon, and then
turn the globe, untl the firlt meridian (which
is that of London on the Englifh terreftrial
globe) cuts the north point of the horizon, and
fet the hour-index to XII at noon.

Then, turning the globe weftward until the
index points fucceflively to I, II, IIL, IV, V,
and VI, in the afternoon ; or until 15, 30, 435,
60, 75, and go degrees of the equator pafs under
the brafen meridian, you will [ind that the firft
meridian of the globe cuts the horizon in the
following numbers of degrees from the north
towards the eaft, viz. 11% 24, 38% 535,
71, and go 3 which are the refpetive diftances
of the above hours from XII upon the plane of
the horizon,

To
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To transfer thefe, and the reft of the hours, PlaweXXI.
to a horizontal plane, draw the parallel right Fig. .
lines a ¢ and & 4 upon that plane, as far from
each other as is equal to the intended thicknefs
of the gnomon or ftile cf the diai, and the {pace
included between them will be the meridiam
or twelve o’clock line on the dial. Crofs this
meridian at right angles with the fix o’clock line
£ b, and fetting one foot of your compafies in the
interfection @, as a center, defcribe the quadrant
g ¢ with any convenient radius or apening of the
compaffes : then, fetting one foot in the inter-
fection &, as a center, with the fame radius de-
fcribe the quadrant f 4, and divide each quas
drant into 9o equal parts or degrees, as in the
figure.

Becaufe the hour-lines are lefs diftant from
each other about noon, than in any other part of
the dial, it is beft to have the centers of thefe
quadrants at a little diftance from the center of
theé dial-plane, on the fide oppofite to XII, in
order to enlarge the hour-diftances thereabout
under the {fame angles on the plane. Thus, the
center of the plane is at C, but the centers of the
quadrants at @ and 4.

Lay a ruler over the point Z (and keeping it
there for the center of all the afterncon hours in
the quadrant F4) draw the hour-line of I,
through 113 degrees in the quadrant; the hour-
line ot 1, through 242 degrees; of 11, through
38.% degrees; 1111, through 535, and V through
715« and becaufe the fun rifes about four in-
the morning, on the longeft days at London,
continue the hour-lines of 1III and V, in the
afternoon, through the center 2 to the oppofite
fide of the dial.—This done, lay the ruler to the
center a, of the quadra{:t e g, and through the

like
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like divifions or degrees of that quadrant, viz.
113, 247, 384 535, and 714, draw the fore-
noon hour-lines of X1, X, 1X, VIII, and ViI;
and becaufe the fun fets not before eight in the
evening on the longeft days, continue the hour-

daes of Vil,and VII1 in theforenoon, through the

Fig. z.
To con=-
ftruct an
erell fauﬂf’
dial,

center @, to VII and VI1II in the aftérnoon; and
all the hour-lines will be finithed on this dial 5
to which the hours may be fct, as in the figure.

Laftly, through 1% degrees of either quad-
rant, and from its center, draw the right line a g
for the hypothenufe or axis of the gnomon agi;
and from g, let fall the perpendicular g4, upon
the meridian line 4, and there will be a triangle
made, whofe {ides are s g, g4, and ia. If a
plate fimilar to this triangle be made as thick as
the diftance between the lines a¢ and 44, and fet
upright between them, touching at 4 and 4, its
hypothenufe zg wi'l be parallel to the axisof the
world, when the dial is troly fet; and will caft a
thadow on the hour of the day.

N. B. The trouble of dividing the two quad-
rants may be faved, if you have a fcale with a
line of chords upon it, fuch as that on the right
hand of the plate : for if you extend the com-
paffes from o to 60 degrees of the line of chords,
and with that extent, as a radius, defcribe the
two quadrants upon their refpedtive centers, the
above diftances ‘may be taken with the com-
paffes upon the line, and fer off upon the quad-
rants.

To make an ereid dived? fouth dial. Elevate the
pole to' the co-latitude of your place, and pro-
«ceed in all refpeéts as above ‘taught for the hori-
zontal dial, from VI in the morning to VI in
the afternoon; ‘only the hours muft be reverfed,
as in the figure; and the hypothenufe eg, of the
gnomen
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gnomon zg f, myft make an angle with the dial-
plane equal to the co-latitude of the place. As
the fun can fhine no longer on this dial, than
from fix in the morning until fix in the evening,
there i¢ no occafion for having any more than
twelve hours upon it .

To wake an eret dial, declining from the fouth To con-
towards the eaft or wef. Elevate the pole to the fru@ an
latitude of your place, and fcrew the quadrant of 7 -
altitude to the zenith. Then, if your dial de- 4,
clines towards the eaft (which we fhall fuppofe
it to do at prefent) count in the horizon the
degrees of declination, from the eaft point to-
wards the north, and bring the lower end of the
guadrant to that degree of declination at which
the reckoning ends. This done, bring any par-
ticular meridian of your globe (as fuppofe the
firft meridian) directly under the graduated edge
of the upper part of the brafen meridian, and
fet the hour-index to XII at noon. Then, keep-
ing the quadrant of altitude ar the degree of
declination in the horizon, turn the globe eaft-
ward on its axis, and obferve the degrees cut by
the firft meridian in the quadrant of aliitude
(counted from the zenith) as the hour-index
comes to XI, X, 1X, &c, in the forenoon, or as
15, 30, 45, &c¢, degrees of the equator pafs under
the brafen meridian at thefe hours refpectively 4
and the degrees then cut in the goadrant by the
firlt meridian, are the refpecive diftances of the
forenoon hours from X1I on the plane of the
dial.—Then, for the afterncon hours, turn the -
guadrant of altitude ronnd the zenith undil it
comes to the degree in the horizon oppolfite to
that where it was placed before ; namely, as far
from the weft point of the horizon towards the
fouch, as it was fet at firlk from the eaf} point to-

y wards
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wards the north ; and turn the globe weftward
on its axis, until the Acft meridian comes to the
brafen meridian again, and the hour-index to
XII: then, continue to turn the globe welt-
ward, and as the index points to the afternoon
hours I, II, I1I, &c. oras 15, 30, 45, &c. de-
arees of the equator pafs under the brafen meri-
dian, the firft meridian will cut the quadrant of
altitude in the refpective number of degrees
from the zenith, that each of thefe hours is from
X1I on the dial.—And note, that when the frfk
meridian goes off the quadrant at the horizon, in
the forenoon, the hour-index fhews the time
when the fun will come upon this dial: and
when it goes off the quadrant in the afternoon,
the index will poinct to the time when the fun
goes off the dial.

Having thus found all the hour-diftances from
X11, lay them down upon your dial-plate, either
by dividing a femicircle into two quadrants of
go degrees each (beginning at the hour-line of
XI1) or by the line of chords, as above directed.

In all declining dials, the line on which the
flile or gnomon ftands (commenly called the
Jfubfiile-line) makes an angle with the twelve
o’clock line, and falls among the forencon hour-
¥ines, if the dial declines towards the eaft; and
among the afternoon hour-lines, when the dial de-
clines towards the weft; that is, to the left hand
from the twelve o’clock line in the former cafe,
and to the right hand from it in the latter.

To find the diftance of the fubftile from the
twelve o’clock line; if your dial declines from
the fouth towards the eaft, count the degrees
of that declination in the horizon from the eaft
point toward the north, and bring the lower end
of the .quadrant of altitude to that degree of
declination
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declination where. the reckoning ends: then,
turn the globe until the firft meridian cuts the
horizon in the like number of degrees, counted
from the fouth point toward the eaft; and the
quadrant and rft meridian will then crofs one
another at right angles, and the pumber of de-
grees of the quadrant, which are intercepted
between the firft meridian and the zenith, is
equal to the diftance of the fubftile line from the
twelve o’clock line; and the number of degrees
of the firft meridian, which are intercepted be-
tween the quadrant and the north pole, is equal
to the elevation of the ftile above the plane of
the dial

If the dial declines weltward from the fouth,
count that declination from the eaft point of the
horizon towards the fouth, and bring the quad-
rant of aliitude to the degree in the horizon at
which the reckoning ends; both for finding the
forenoon hours, and the diftance of the fubftile
from the meridian: and for the afternoon hours,
bring the quadrant to the oppofite degree in the
horizon, ramely, as far from the welt towards
the north, and then proceed in all refpedis as
above. '

Thos, we have finithed our declining dial ;
and in o doing, we made four dials, viz.

1. A north dial, declining ealtward by the
fame number of degrees. 2. A north dial, de-
clining the fame number weft. 2. A fouth
dial, declining eaft. And, 4. a fouth dial de-
clining weft. Only, placing the proper number
of hours, and the ftile or gnomon refpectively,
upon each plane. For (as above-mentioned)
in the fouth-welt plane, the fubftilar-line falls
among the afternoon hours ; and in the fouth-
caft, of the fame declination among the forenoon

X 2 hours,
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hours, at equal diftances from XII. And fo,
all the morning hours on the weft decliner will
be like the afternoon hours on the eaft decliner:
the fouth-eaft decliner will produce the north-
weflt decliner; and the fouth-weft decliner, the
north-eaft decliner, by only extending the hour-
lines, ftile and fubftile, quite through the center:
the axis of the ftile (or edge that cafts the thadow
on the hour of the day) being in all dials what-
ever parallel to the axis of the world, and confe-
quently pointing towards the north pole of the
heaven in north latitudes, and towards the fouth
pole, in fouth laticudes.  See more of this in the
following lefiure,

But becaufe every one who would like to make
a dial, may pérhaps not be provided with a globe
to aflift him, and may probably not underftand
the method of doing it by logarithmic calcula-
tiony we (hall thew how to perform it by the
plain dialing lines, or fcale of latitudes and
hours ; fuch as thofe on the right hand of Fig.
4+ in Plate XXI, or at the top of Plate XXII,
and which may be had on feales commonly fold
by the mathematical inftrument makers.

This is the eafieft of all mechanical metliods,
and by much the bet, when the lines are truly
divided ; not only the half hours and quarters
may be laid down by all of then, but every fifth
minute by moft, and every fingle minute by
thofe where the line of hoursis a foot in length.

Having drawn your double meridian line 2 5,
¢ @, oun the plane intended for 4 horizontal dial,
and croffedit at right angles by the {ix o’clock line
fe (as in Fig. 1.) take the latitade of your place
with the compafies, in the fcale of latitudes, and
fet that extent from ¢ to ¢, and from a to f, on
ghe fix o'clock line : then, taking the whole fix
' S = g hourg




Of Dialing.

hours between the points of the compafies in the
fcale of hours, with that extent fet one foot in the
point e, and let the other foot fall where it will
upon the meridian line ¢d, as at 4. Do the fame
from f to &, and draw the right lines £4 and f#,
each of which will be equal in length to the whole
{cale of hours. This done, fetting one foot of
the compaffes in the beginning of the {cale atXI1I,
and extending the other to each hour on the
fcale, lay off thefe extents from 4 to ¢ for the
afternoon hours, and from & to f for thole of the
forenoon : this will divide the linesd ¢ and & f
in the fame manner as the hour-fcale is divided,
at I, 2, 3, 4. 5 and 6: on which the quarters
may alfo be laid down, if required. Then, lay-
ing a ruler on the point ¢, draw the firll five
hours in the afternoon, from that point, through
the dots at the numeral figures 1, 2, 3, 4, 5, On
the line de; and continue the lines of 1111 and V
through the center ¢ to the other fide of the dial,
for the like hours of the morning ; which done,
lay the ruler on the point g, and draw the laft
five hours in the forengon through the dots
5y 4 35 2, ¥, on the line f 25 continuing the
hour-lines of VII and VIII through the center 4
to the other fide uf the dial, for the like hours
of the evening; and fet the hours to their re-
{pective lines as in the figure. Laitly, make the
gnomon the {ame way as raught above for the
horizontal dial, and the whole will be finifhed.

To make an erect fouth dial, rake the co-la-
titude of your place from the {cale of latitudes,
and then proceed in all refpects for the hour-
lines, as in the horizontal dial; only reverfing
the hours, as in Fig. 23 and making the angle
of the ftile’s height equal to the co-latitude.

Y ¢4 - I have
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I have drawn out a fet of dialing lines upon
the top of the 22d Plate, large enough for mak-
ing a dial of nine inches diameter, or more
inches if required; and have drawn them tole-
rably exac for common praétice, to every quarter
of an hour. This fcale may be cut off from the
plate, and pafted on wood, or upon the infide of
one of the boards of this book ; and then it will
be fomewhat more exaét than it is on the plate,
for being rightly divided upon the copper-plate,
and printed off on wet paper, it fhrinks as the
paper dries: but when it is wetted again, it
ftretches to the fame fize as when newly printed,
and if pafted on while wet, it will remain of that
fize afterwards.

But left the young dialift fhould have neither
globe nor wooden fcale, and fhould tear or
otherwife {poil the paper one in pafting, we fhall
now fhew him how he may make a dial without
any of thefe helps. Only, if he has not a line
of chords, he muft divide a quadrant into go
equal parts or degrees for taking the properangle
of the ftile’s elevation, which is ealily done.

-With any opening of the compaffes, as Z Z,
deferibe the two femicircles L F £ and L 94,
upon the centers Z and z, where the fix o’clock
line croffes the double meridian line, and divide
each femicircle into 12 equal parts, beginning at
L (though, ftrictly {peaking, only the &;uadranfs
from L to the fix 0°clock line need be divided) ;
then conneét the divifions which are equidiftant
from L, by the parailel lines KM, I N, HO, GP,
and FQ, Draw ¥ Z for the hypothenufe of the
ftile, making the angle 7 Z E equal to the lati-
titude of your place; and continue the line 7 Z to
K. Draw the line R » parallel to the fix o’clock
line, and fet off the diftance 2 K from Zto 7,
the
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the diftance & I from Z 1o X, ¢ H from Z to I,
dg from Z to T, and e F from Z to S,  Then
draw the lines §s, T# B w, X &, and ¥y, each
parallel to R, Set off the diftance y 7" from
to 11; and from f to 1 ; the diftance » X from 4
to 10, 2nd from g to 2 ; w7 from ¢ to g, and
from b to 3; ¢ 7 from 4 to 8, and from 7 to
43 s §Sfrome to 4, and from # to 5. Then lay-
ing a ruler to the center Z, draw the forenoon
hour lines through the points 11, 10, 9, 8, 73
and laying it to the center 2, draw the afternoon
lines through the points 3, 2, 3, 4, 53 continu-
ing the forenoon lines of VII and VIII through
the eenter Z, to the eppofite fide of the dial, for
the like afternoon hours; and the afternoon lines
11T and V through the center 2, to the oppofite
fide, for the like morning hours. Set the hours
to thefe lines as in the figure, and then eredt
the ftile or gnomon, and the horizontal dial will
be finifhed,

To conftrué a fouth dial, draw the line 7 Z, s,..,
making an angle with the meridian Z I equal <ial.
to the co-latitude of your place; and proceed in
all refpects as in the above horizontal dial for the
fame latitude, reverfing the hours as in Fig, 2.
and making the elevation of the gnomon equal
to the co-latitude,

Perhaps it may not be unacceptable to explain
the methed of conftruéling the dialing lines, and
fome others ; which is as follows.

With any opening of the compafies, as E 4, piyee
according to the intended length of the feale, XXII.
defcribe the circle 4 D C B, and crofs it at right
angles by the diameters C £ . and D E B. g, ,.
Divide the quadrant 4 B firlt into g equal parts, Dialing
and then each part into 10; {o fhall the quadrant #7es, how
be divided into 9o equal parts or degrees. Draw P49t

ed.
the
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the right line 4 F B for the chord of this quad-
rant, and fetting one foot of the compafles in
the point 4, extend the other to the feveral divi-
fions of the quadrant, and transfer thefe divifions
to the line 4 F B by the arcs 10 10, 20 20, &c.
and this will be a line of chords, divided into go
unequal parts 3 which, if transferred from the
line back again to the quadrant, will divide it
equally. It is plain by the figure, that the dif-
tance from 4 to 6o in the line of chords, is juft
equal to A4 E, the radius of the circle from which
that Jine is made 3. for if the arc 6o 6o be con-
tinued, of which 4 is the center, it goes exaétly
through the center E of the arc 4 B.

And therefore, in laying down any number of
degrees on a circle, by the line of chords, you
muft firlt open the compafles fo, as to take in
juft 60 degrees upon that line, as from A'to 6o:
and then, with that extent, as a radius, defcribe
a circle which will be exactly of the fame fize
with that from which the line was divided :
which done, fet one foot of the compafies in the
beginning of the chord line, as at 4, and extend
the other to the number of degrees you want
upon the line, which extent, applied to the circle,
will include the like number of degrees upon
it.
Divide the quadrant €D into go equal parts,
and from each point of divifion draw right lines
as i, &, 5, &c. to the line C E; all perpendicular
to that line, and parallel to D K, which will di-
vide E C into a line of fines; and although thefe
are feldom put among the dialing lines on a fcale,
yet they affift in drawing the line of latitudes.
For, if a ruler be laid upon the point D, and
over each divifion in the line of fines, it will
divide the quadrant C B into go unequal parts,
as
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as By, ab, &c. thewn by the right lines 10 a,
20 b, 30¢, &c. drawn along the edge of the ruler.
If the right line B C be drawn, fubtending this
quadrant, and the neareft diftances B2, B4, B,
&c. be taken in the compaffes from B, and fet
upon this line in the fame manner as direéted for
the line of chords, it will make a line of latitudes
B C, equal in length to the line of chords £ B,
and of an equal number of divifions, but very
unequal ‘as to their lengths.

Draw the right line D G A, fubtending the
quadrant D 4; and parallel to it, draw the right
line 7 s, touching the quadrant D 4 at the nume-
ral figure 3. Divide this quadrant into fix equal
parts, as 1, 2, 3, &c. and through thefe points of
divifion draw right lines from the center E to
the line 7 5, which will divide it at the points
where the fix hours are to be placed, as in the
figure. If every fixth part of the quadrant be
fubdivided into four equal parts, right lines
drawn from the center through thefe points of
divifion, and continued to the line ¥, -will divide
each hour upon it into quarters,

333

In Fig. 2. we have the reprefentation of a ,, .,
portable dial, which may be ealily drawn on 2z carg,

card, and carried in a pocket-book. The lines
@d, aband b ¢ of the gnomon muft be cut quite
through the card; and as the end 2 of the gno-
mon 15 raifed occafionally above the plane of the
dial, it turns ppon the uncut line ¢ 4 as on a
hinge. The line dotted 4 B muft be flit quite
through the card, and the thread muft be put
through the flit, and have a knot tied behind, to
keep 1t from being ealily drawn out. On the
other end of this thread is a fmall plummet D,
and on the middle of it a fmall bead for thewing
the time of the day-

e Ta
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To re&tify this dial, fet the thread in the flit
right againft the day of the month, and ftretch
the thread from the day of the month over the
angular point where the curve lines meet at XI{;
then fhift the bead to that point on the thread,
and the dial will be rectified.

To find the hour of the day, raife the ghomon
{no matter how much or how little) and hold
the edge of the dial next the gnomon towards
the fun, 10 as the uppermoft edge of the thadow
of the gnomon may juft cover the fhadow-line 5
and the bead then playing freely on the face of
the dial, by the weight of the plummet, will
fhew the time of the day among the hour-lines,
as it is forenoon or afterncon.

To find the time of fun-rifing and fetting,
move the thread among the hour-lines, until 1t
either covers fome one of them, or lies parallel
betwixt any two; and then it will cut the time
of fun-rifing among the forenoon hours, and of
fun-fetting among the afternoon hours, on that
day of the year for which the thread is fet in the

“{cale of months. _

To find the fun’s declination, ftretch the thread
from the day of the month over the angular
point ac XII, and it will cut the fun’s declina-
tion, asit is north or fouth, for that day, in the
arched fcale of north and fouth declination.

To find on what days the fun enters the
figns : when the bead, as above rectified, moves
along any of the curve lipes which have the figns
of the zodiac marked upon them, the fun enters
thofe figns on the days pointed out by the thread
in the fcale of months.

The conftrution of this dial is very eafy,
efpecially if the reader compares it all along
with
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with Fig. 3. as he reads the following explana-
tion of that figure.

Draw the occult line .4 B parallel to the top of rig. ;.
the card, and crofs it at right angles with the fix
o’clock line E C D then upon C, as a center,
with the radius C4, defcribe the femicircle AEL,
and divide it into 12 equal parts (beginning at
A)as Ar, As, &ec. and from thele points of
divifion, draw the hour-lines 7, s, #, #, v, E, w,
and #, all parallel to the fix o’clock line E C.
1f each part of the femicircle be fubdivided into
four equal parts, they will give the half-hour
lines and quarters, as in Fig. 2. Draw the right
line 48 Do, making the angle S4B equal to the
latitude of your place. Upon the center 4 de-
feribe the arch R 87, and fet off upon it the arcs
S R and § 7, each equal to 23] degrees, for the
fun’s greateft declination ; and divide them into
23% equal parts, as in Fig. 2. Through the
interfeétion D of the lines ECD and 4 Do,
draw the right line F D G at right angles to
ADo. Lay a ruler to the points 4 and R, and
draw the line 4 R F through 23% degrees of
fouth declination in the arc § R; and then lay-
ing the ruler to the points 4 and 7, draw theline
AT G through 23+ degrees of north declination
in the arc § 7 : fo fhall the lines 4 R Fand
AT G cut the line F D G in the proper length
for the {cale of months. Upon the center D,
with the radius D F, defcribe the femicircle
F o G and divide it into fix equal parts, F m,
m n, #0, &c. and from thefe points of divifion
draw the right lines m b, #4, p &, and g/, each
parallel to ¢ D. - Then fetting one foot of the
compafles in the point F, extend the other to 4,
and defcribe the arc 4z H for the tropic of w :
with the fame extent, fetting one foot in G, de-

feribe
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the line of & and = (where the circle touches)
comes to the latitude of your place in the qua-
drant : then, turn the whole meridional plane
B D, with its circle G, upon the horizontal plane
A, until the edge of the fhadow of the circle
falls precifely on the day of the month in the
femicircle ; and then, the meridional plane will
be due north and {fouth, the axis E F will be
paralle] to the axis of the world, and will caft a
thadow vpon' the true time of the day, among
the hours on the circle.

V. B As, when the infirament is thus re&i-
fied, the quadrant and femicircle are in the plane
of the meridian, {o the circle is then in the plane
of the equinoétial. Therefore, as the funis above
the equinoctial in fammer (in nothern latitudes)
and below it in winter; the axis of the femi-
circle will caft a thadow on the hopr of the day,
on the upper furface of the circle, from the 20th
of March to the 23d of September: and from
the 23d of September, to the zoth of March,
the hour of the day will be determined by the
thadow of the femicircle, upon the lower furface
of the circle. In the former cale, the fhadow of
the circle falls upon the day of the month, on
the lower part of the diameter of the femicircle ;
and in the latter cafe, on the upper part.

The method of laying down the months and
figns upon the femicircle, is as follows. Draw
the right line 4 C B, equal the diameter of the
femicircle 4 D B, and crofs it in the middle at
right angles with the line £C D, equal in length
to 4 D B ; then E C will be the radius of the
circle #C G, which is the fame as that of the
femicircle. Upon Z, as a center, defcribe the
circle # C G, on which fet off the arcs € # and
C1, each equal to 2 ;% degrees, and divide them
accordingly into that number, for the fun’s de-
3 clination.
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clination.  Then, laying the edge of a rulef
over the center E, and alflo over the fun’s decli-
nation for every * fifth day of each month (as in
the card dial) mark the points on the diameter
AR of the femicircle from 2 to g, which are cut
by the ruler; and shere place the days of the
months accordingly, anfweting the fun’s declina-
tion. This done, fetting one foot of the com-
pafies in C, and extending the other to 4"or g,
delcribe the femicircle a b ¢ def gy which divide
into fix equal parts, and through the points of
divifion draw right lines, parallel to C D, for the
beginning of the {ines (of which one half are on
ont fide of the femicircle, and the other half on
the other fide) and fet the charaéters of the figns
to their proper lines, as in the figure.

The following table thews the fun’s place and
declination, in degrees and minutes, at the noon
of every day of the fecond year after leap-year;
which is a mean between thofe of leap-year it-
felf, and the firft and third years after. It is
uleful for infcribing the months and their days
on fun-dials ; and alfo for finding the latitudes
of places, according to the methods preferibed
after the table.

® The intermediate days may be drawn in by hand, if
the fpaces be large enough to centain them,

£ A Table
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T abies of the Sun's Place and Declination.

A Table fhewing the fun’s p!acc;nd declination.

February.

S S —

January.
‘Ems‘ll San’s Dec.
|20n s Flisun’s Dec.
Z|D. M| D. M.
*-—-—-

IfI1kp 50 235 1
2f12 6 22 55
3|13 8 22 49
4|14 9] 22 43
Sl E5 TLOj 22w 27
6{16 11| 22 29
2 SR 74 g e 0
8118 13 22 14
9 I0 14] 22 5
10]20 16| 21 356
11|21 17| 21 47
12122 18| 21 37
13123 19| 21 27
I4[24 20| 2I 17
15|25 21| 21 6
1626 22( 20 44
17127 24| 20 43
18128 25| 20 30
19|29 26| 20 18
20| 0225 20 5
21| 0 28| 19 52
22| 2 2g| 19 38
23] 3 30| 1g 24
24| 4 31| 19 10
25| 5 32| 18 55
26 6 331 18 40
270 7 34| 18 24
281 8 35 18 ¢
291 9 35| 17 53
30110 361 17 36
3rite 37| 17 19

o Suu’s Pl

sun’s Dec

3D M| DM
I 12238 175 2
213 39 L
314 "40| 16 27
415 41| 16 10
516" a1} 1k L1
617 42| 15 33
L
819 43| 14 55
9/20. 44171436
1021 45 14 17
1122 48k 13 57
i2.23 46 13 37
13!24 46] 13 17
1425 47| 12 57
1526 47| 12 36
16(27 48] 12 15
17(28. 48| 11 54
18129 48 11 33
19| 0349, I1 12
20| £ sahop 157 o
2L 2 507 10 29
22| 3 50 10 7
23| 4 59 9 45|
24 5 Al 9 23
25| 6 51 g o
26| 7 51 8 38
271 8 511 8 16
28| 9 51| 7 53

In thefe Tables N fig-
nifies north declina.

tion, and S fouth,

——— e ——

A Table
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Lables of 1be Sun's Pldce and Declination.

A Table fhewing the fun’s place and declination.
March. April.
; Sun’s Pl. [Sun’s Dec, 9 .‘:}un's__}'_f, .*:,‘u_hn's_ﬂsc_
% (D. M| D.M,||Z|D. M| D. M,
“1f10%52] 7830 ey 4N 36
2|1I h2 7 7 2|12 37 4 59
3112 52| 6 a4 | 3(13 36| 5 22
4|13 521 6 128(l 4114 34| 5 45
5114 52| 5 58| 5l115 34 6 -8
615 52| 5 35 |76/16 33| 6 31
7(16° 51l 5 12| | 7|17 24| 6 ‘53
8lt7 51| 4 48] | 8|18 g05 2116
9(18 51| 4 25| | g ¥g 29{ 7 38
10(19 51 4 2/ (10120 28] 8 o
11[20 51 3 38] (tIf21 27 8 23
i B B 3 14| |12(22 25| 8 44
13(22 50| 2 41f |13 22 241 9 6
1423 5 2 27| (14|24 23] 9 28
15124 491 2 4] |1525 21| 9 49
16(25 49| 1 40| [16{26 20| 10 11
17026 48/ 1 16| (1727 18 10 32
18l27 48| o 53| [18(28 17| 10 53
1g(28 48] o 29| |19(29 15| II 14
20129 47f O 5| (20| O 14| 11 34
21 om:E _—Eﬁ]_y 21 1 12| 11 55
22 1 46| o 42| [22| 2 11 12 15
23 B dBledo o 6l 123 3 gl 13 3
241 3 451 I 2ol |24l 4 ¥l 12 55
25| 4 44| 1 Lo 25| 5 6. 13 14
200 5 43| 2 17f |26/ 6 4| 13 34
27 6 4z 2 40 |29] 7 2| 13 53
28| 7 42] 3 3] |28/ 8 o 14 12
29 8 “41f 3 27| l29]-8 59| 14 g0
3919 49| 3 50| 39| 9 57| 14 49
31{10 39| 4 13 ks

A frabxc




Tables of +he Sun’s Place and Declinatios.

A Fzble thewing the fun's place and declinarion.
May. \ June,

E_ Sua’s PljSun's Dee, E '}ES I Srm‘s_ji?i
% |D. M. D. M] {%1D. M| D. M.
“alicgssl 15N 9 | rjiomgql 22N 5
2|11 53| 15 25 | 2|11 41| 22 13
3112 51| 15 43| | 312 39| 22 2i
4(13 49| 16 ' o | 4|13 36| 22 28
5|14 47| 16 T84 514 34 22 35
6 15 45| 16 35 [ Bli5 31| 22 41
2116 43 16 51 7{16 28| 22 4%
8lr7 41| 17 8 | 8117 26| 22 53
g{18 39| 17 24| | 9|18 23| 22 ;58]
1019 306f 17 40| [10]19 20| 23 3
11{20 34| 17 55 |rifz0 18] 23 ¥
12|21 32| 18 10 |i2|21 151 23 11
13122 30f 18 -25.l13|22 13| 23 15
i4{23 28] 18 40| [14]23 9| 23 18
15024 25| 18 54l |i5|24 7| 23 20
i16l25 231 19 8 |16 25 4| 23 22
17126 21} 19 22| li7|26 1| 23 24
18]27 19| 19 35| [18{26 58] 23 26
1g{28 16} 19 48f l19(27 56| 23 2%
20|29 14| 20 1| f20|28 53 23 28
21} om 11| zo 13| {21|29 50| 23 28
z2| 1 9| 20 25 (22| om4Y| 23 28
231 2 7] 20 37} 23] I 45| 23 28
241 3 4] 20 43} 124] 2 42| 23 27
251 4 21 20 59| 25| 3 39| 23 26
26| 4 59| 21 10 20| 4 36| 23 24
271 5 57( 21 20f {271 5 33| 23 2!
28] 6 54| 21 30| [28] 6 31| 23 19
29] 7. 52| 21 39| lag| 7 28| 23 10}
30| 8 49| 21 49/ |jo| B 25 23 12|
311 9 47121 57 |




Tables of the Sun’s Place and Doclination. 943

~ A Table ﬂlv.dng the fun’s place and d sclination,
July. Auguft.
t7|Sun’s PL|Sun’s Dec. O Sun’s PL{Sur’s Dec.
S0 M| D. M| [2(D. M| D. M.
1/ 9522| 23N g | 1] 8048| 18N 2
2(I0 1Ig9 23 4! 21 9 55{ 17 47
3|t 16| 23 of | 3/to 53| 17 32
4112 14| 23 55 41T g0} 17 16
| 5|13 11| 22 49 5(12 48} 17 o
G4 B 23 43 6l13 45{ 16 43
2118 5| 22 37| | 7|14 43] 16 26
8116  of 22 go| | 8|15 41} 16 9
9117  2f 22 231 | ol16 38| 15 352
1of17 57| 22 16 10/17 36] 15 25
1118 54 22 8| 112118 323f 15 14
12/19° 51| 22° of |12{1g 31} 14 59
13{20. 49| 21 53} |13/20 20| 14 41
14121 46| 21 43| {1a]2r 26 14 23
15122 43| 21 33| [i5]22 24f 14 3
16|23 40| 21 22| [16 23 22| 13 45
17124 38f 21 14/ {17]24 20| 13 26
18125 351 21 3| (18|25 17 Rg- =y
1926 32/ 20 52| |19(26 15| 12 47
20127 29} 20 41| |20j27 13| 12 ‘29
20428 298 20 30| |21/28 11| 12 i
22129 - 24{ 20 " 18] |22 29  9{ 1L 47
231 ofL 21| 20 6] |a3| om 9| 11 27
241 L 190 ¥90 54 logl 0 gl 10 6
25| 2 19| 19 4x| (24 2 3| 10 46
26] 3 13| 19 28] 26| 3 1| 10 25
s B L R b B R B T S
28] 3 8] 19 i 28] 4 571 9 43
29 6. 6] 18 46| [29 558t g ;i
g2 70 8] 150 Bu 130 6% 53¢ pile
g St olaabs WAl |s1l o 5il.78 28
Z 3 A Table




344 Fables of the Sun's Place and Declination.

'Tﬂb!e fhewing the fun’s place and declination,
September. Oétober.
E!Sun's Pi.|Sun’s Dec. ;""J F-un’s_ﬂ. Sun’s Dec
% |D. M| D. M.| [GD. M. D. M.
1| 8m4g| 8§Ni16| | 1| 8= 8/ 3S14
IO G s P55 g E J 37
3|10 46} 7 32 slrow ‘gF 43ipa
4{11 441 7 10| | 4|11 6] 4 24
5|12 42 6 48| | 512 5 4 47
6|13 40| 6 26| | 6|13 4|' 5 10}
7(14 39| 6 3 | 7{*4¢ 4] ‘5 33

glis 37| 5 41| 8115 3| 5 56§
0|16 351 5 18 [9g[16 3] 6 19
to{t7 341 4 53| |rojizy 2} 642
11|18, 321 4 32| |E:|28 . x| 2 5
12|19 3t 4 9| {r2f19 1} 7 27
13|20 28] 3 46| [13]20 ©O] 7 50
14|21 28} 3 23] |rq4f2r of 8 12
15/22 26| 3 of |15(22 o] 8 35}
16123 . 250 @ 2949 [16]23 ‘of- 8- 57
1724 24| 2 14| (17/23 591 9 19
18]25 22| 1 50| [18f24 59} 9 41
19[26 21| 1 27| (19|25 58| 10 3
20{27 20| I 4| |20]|26 58f 10 24
2128 19| o 40| [2I[27 58} 10 46
22(29 I;| o 17| |22{28 58| 11 v
231 0=16| oS 6| [23|29 58| 11 28
24/ 1 15/ O 30| |24| om58| 11 49
25/ 2 14| o 53| |25} 1 : 58] 12¢ IO
26| 3 13( I 17| |26} 2 58| 12 31
29| 4 12| 1 40| [27]| 3 58] 12 51
281 5. 11 2. 41 [28] 4 58 13: X2
29| 6 10| 2 27| (29| 5 58] 13 32
B9ILTer Dienes 5011301 Gougii as: B

v 7




Ziables of the Sun’s Place and Declination.

A Table fhewing the fun’s place and declination,
November. December.
Olsun’s V}m :D_Sun’s_ll il:[n_‘s_,llc_c.
S[D-M|D. M||Z|D. M| D a1
1| 8m 58 14530| | 1f{ g & 16_21—852'
21 9 58 14 s0||.2]i0 s 5l (ST R
3|10 59| 15 8| zlrr 18| 22 10
4|11 59| 15 27 4112 19| 22 1§
5|52 59| 15 45| ] 5l13 20| 22 26
6l13 59| 16 3| | 6 14 23| 22 33
71'5 0l 16 21| | glig 22| 22 20
8[16 o 16 39| | 8|16 23| 22 46
9|t7 of 16 56(| 9l17 24| 22 52
10118 1f{ 17 13| |10]18 25| 22 58
11 19 1| 17 30| |11 19 26 23 3
12120 2/ 17 46| l12)20 2% 23 8
13123 2/ 18  2f liglar 28 23 12
14122 3| 18 18/ liglez 29 22 1%
< it i B L E L D T
16(24 4] 18 49[ |16 24 31| 23 21
17125 51 19 4| (17|25 33| 23 24
1826 5| 19 18] [18[26 34| 23 26
19]27° 6] 19 32| 19|27 35| 23 27
20128 7| 19 46| (2028 36 23 28
21129 71 19 59/ [21]29 371 23 =8
221 0@ 8§ 20 12| |22]| okp38 23 28
23] * . 9| 20 25 |23l 1 40 23 28
24| 2 IOl 20 3% lagl 2 41 2327
51 3 1I] 20 49 2_5_1_1,3 22 _%:5
26| 4 11| 21X 11126 4 43| 23 23
271 5 12} 2L 32i42q) 51 44leg . 21
28) 6 13| 21 23| [28] 6 46 23 18
291 7 14) 21 33| 129] 7 47 23 15
30| 8 150 21 43| [30] 8 48] 23 13
311 9 49]) 23 6
Z 4 To




Rales for finding the Latitude.

Go jina the latitnde of any place by obfervatioy,

The latitude of any place is equzl to the
elevation of the pole above the horizon of that
place. Therefore it is plain, that if a {tar was
fixt in the pole, there would be nothing re-
quired to find the latitude, but to take the al-
titude of that flar with a good inftrument, But
although there is no ftar in the pole, yet the
latitude may be found by taking the greateft
and leaft aleirude of any ftar that never fets: for
if half the difference between thefe altitudes be
added to the leaft altitude, or fubtrated from
the greateft, the fum or remainder will be equal
to the altitude of the pole at the place of ob-
fervation.

But becaufe the length of the night muflt be
miore than 12 hours, in order to have two fuch
obfervations; the fun’s meridian altitude and
declination are generally made ufe of for finding
the latitcude, by means of its complement, which
is equal to the elevation of the equinoctial above
the horizon; and if this complement be fub-
tracted from go degrees, the remainder will be
the latitude: concerning which, I think; the fol-
lowing rules take in all the variods cafes,

1. If the fun has notth declination, and is on
the meridian, and to the fouth of your place,
fubtract the declination from the meridian alti-
tude (taken by a good quadrant) and the re-
mainder will be the height of the equinottial or
complement of the latitude north.
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Rules for finding the Latitude,

EXAMPLE,

& The fun’s meridian altitude 42" 30" South
Suppofe {And his declination, fubt. 1o 15 North

Rem. the complement of the lat. §o. 5
Which fubtralt from == — go o

And the remainder is the latitude 57 55 North

2. If the fun has fouth declination, and is
fouthward of your place at noon, add the de.
clination to the meridian altitude ; the fum, if
lefs than go degrees, is the complement of the
latitude north: but if the fum exceeds 9o de-
grees, the latitude is fouth ; and if go be taken
from that fum, the remainder will be the la-
titude,

EXAMPLES.

The fun's meridian altitude 65° 10" South
The fun’s declination, add — I5 30 South

R e ]
Complement of the latitude = g4 40
Subtraét from sl sl CSiigm i s
Remains the latitude == g 20 North
The {un’s meridian altitude 80° 40’ Sourh
The fun’s dcclination, add — 2o o0 South
Thefam i3 = = "o 14 50
FI‘OH‘] which fubtra®& - - . 9o+ o

: = s
Remains the latitude s 10 g0 South.

3 1§
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Rules for finding the Latitude.

3. If the fun has north declination, and is on
the meridian north of your place, add the decli-
nation to the north meridian altitude ; the fum,
if Jefs than go degrees, is the complement of
the latitude fouth: but if the fum is more than
90 degrees, fubtratt go from it, and the re-
mainder is the latitude north.

EXAMPLES

Sun’s meridian altitude - — - 60° 30’ North
Sun’s declination, add  — 20 10 North
Complement of the latitude - 8o 40
Subtra&t from - +» = = - go o
Remains the latitude - - - 9 20 South
Sun’s meridian altitude - - #%0° 20° North
Sun’s declination, add - - 22 20 North
Thefumis - - - - = 93 40
From which fubtra® - - - go o
Remains the latitude - - = 3 40 North.

4. If the fun has fouth declination, and is north
of your place at noon, fubtract the declination
from the north meridian altitude, and the re-
mainder is the complement of the latitude
fouth,



Rules for finding the Latitude,

EXAMPLE,

Sun’s meridian altitude - - 50° 30" North
Sun’s declination, fubtra® - 20 10 South
Complement of the latitude - 32 20
Subtract this from - - - 9o o

And the remainder is the latitude 57 40 South

5. If the fun has no declination, and is fouth
of your place at noon, the meridian altitude is
the complement of the latitude north : but if
the fun be then north of your place, his meri-
}:]ianhaltitude 1s the complement of the latitude
outh,

EXAMPLES.

Sun’s meridian altitude - - 38° 30’ South
Subtract from - - - - - go o
Remains the latitude - - 51 30 North
Sun’s meridian altitude - - 38° 30" North
Subtratt from - - - - - go o
Remains the latitude - - 31 30 South,

6. If you obferve the fun beneath the pole,
fobtra&t his declination from go degrees, and
add the remainder to his altitude ; and the fum

18 the latitude,

EX A M-
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Ruyles for finding the Latitude,

EXAMPLE

Sun’s declination - - - - 20° 3¢

Subtralt from - - - - « go o
Remains * = = - - - - 6g 3z0] add
Sun’s altitude below the pole - 10 20 §

The furm is the latitude - - 79 50.

Which is north or fouth, according as the fun's
declination is north or fouth : for when the fun
has fouth declination, he is never feen below
the north pole; nor is he ever feen below the
fouth pele, when his declination is north.

7. If the fun be in the zenith at noon, 2nd
at the fame time has no declination, you are
then under the equinoftial, and fo have na
latitude.

8. If the fun be in the zenith at noon, and
has declination, the declination is equal to the
latitude, nerth-or fouth. Thele two cafes are
fo plain, that they require no examples,

LECT XL
Of Dialing.

H AVING fhewn in the preceding Lec-
ture how to make fun-dials by the afiift-
ance of a good globe, or of a dialing fcale, we
fhall now proceed to the method of conftructing
dials arithmetically ; which will be more agree-
able 1o thofe who have learnt the elements of
trigo-



Of Dialing.
trigonometry, becaufe globes and feales can
never be {o accurate as the logarithms, in find-
lng the angular diftances of the hours. Yer, as
a globe may be found exaét enough for fome
other requifites in dialing, we fhall take it in
occalionally.

The conftruction of fun-dials an all planes
whatever, may be included in cne general rule:
intelligible, if that of a horizontal dial for any
given latitude be well underflood. For there is
no plane, however obliquely fitwated with re-
fpect to any given place, but what is parallel
to the horizon of fome other place ; and there-
fore, if we can find that other place by a pro-
blem on the terreflrial globe, or by a trigonome-
trical calculation, and conftru& a horizontal dial
for it; that dial, applied to the plane where it is
to ferve, will be a true dial for that place.—~Thus,
an erect direct fouth dial in 512 degrees north
latitude, would be a horizontal dial on the fame
meridian, go degrees fouthward of 513 degrees
north latitude ; which falls in with 382 degrees
of fouth latitude. but if the upright plane de-
clines from facing the fouth at the given place,
it would ftill be a horizontal plane go degrees
from that place ; but for a different longitude :
which would alter the reckoning of the hours
accordingly,

CASE 1L

1. Let us fuppofe that an upright plane at
London declines 36 degrees weltward from
facing the fouth ; and that it is required to find
a place on the globe, to whofe horizon the faid
plane is parallel; and alfo the difference of longi-
tude between London and that place.

Rectify

a5t
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Of Dialing.

Redify the globe to the latitude of Londot;
and bring London to the zenith under the brafs
meridian, then that point of the globe which lies
in the horizon at the given degree of declination
(counted weftward from the fouth point of the
horizon) is the place at which the above.men-
tioned plane would be horizontal.—Now, to
find the latitude and longitude of that place,
keep your eye upon the place, and turn the
globe eaftward, until it comes under the gradu-
ated edge of the brafs meridian ; then, the de-
gree of the brafs meridian that ftands directly
over the place, is its latitude 3 and the number
of degrees in the equator, which are intercepted
between the meridian of London and the brafs
meridian, is the place’s difference of longitude,

Thus, as the latitude of London is 51 de-
grees north, and the declination of the place is
26 degrees weft ; 1 elevate the north pole 515
degrees above the horizon, and turn the globe
until London comes to the zenith, or under the
graduated edge of the meridian; then, I count
36 degrees on the horizon weftward from the
fouth point, and make a mark on that place of
the globe over which the reckoning ends, and
bringing the mark under the graduated edge
of the brafs meridian, I find it to be under j0+
degrees in fouth latitude: keepingitthere, [ count
in the equator the number of degrees between
the meridian of London and the brafen meridian
(which now becomes the meridian of the required
place) and find it to be 423} Therefore an
upright plane at London, declining 36 degrees
weftward from the fouth, would be a horizontal
plane at.that place, whofe laticude is 304 degrees
fouth of the equator, and longitude 423 degrees
weft of the meridian of Lendon.

Which
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Of Dialing. 353

Which difference of longitude being con+
verted into time, is 2 hours 51 minutes.

The vertical dial declining weftward 36 de-
grees at London, is therefore to be drawn in al]
refpeéts as a horizontal dial for fouth latitude
got degrees ; fave only, that the reckoning of
the hours is to anticipate the reckoning on the
horizontal dial, by 2 hours 51 minutes : for fo
much fooner will the fun come to the meridian
of :London, than to the meridian of any place
whofc longitude is 422 degrees weft from Lon-
don.

2. But to be more exaét than the globe’ will
thew us, we fhall ufe a little trigonometry.,

Let NESHW be the horizon of London, Plate

whofe zenith is Z, and P the north pole of the XX[I1,
iphere ; and let Z 5 be the pofition of a vertical Fig, 1.
plane at Z, declining weftward from § (the
fouth) by an angle of 36 degrees ; on which
plane an erect dial for London at Z is to be
defcribed. Make the femidiameter Z D perpen-
dicular to Z 4, and it will cut the horizan in D,
36 degrees weft of the fouth S, Then, a plane
In the tangent /7 D, touching the iphere in D,
will be parallel to the plane Z 45 and the axis of
the fphere will be equally inclined to both thefe
planes,

Let w7 Q E be the equinoctial, whofe eleva-
tion above the horizon of Z (London) is 382
degrees; and P R D be the meridian of the
place D, cutting the equino&tial in R. Then,
it is evident, that the arc R D is the latitude of
the place D (where the plane Z 4 would be hori-
zontal) and the arc R @ is the difference of
longitude of the planes Z5 and D f7. '

In the {pherical triangle " DR, the arc WD
Is given, for it is the complement of the plane’s

6 decli-




Of Dialing.
declination from § the fouth; which complé-
ment is 54 (viz, g0%—36°:) the angle at R;
in which the meridian of the place D cuts the
equator, is a right angle; and the angle R D
meafures the elevation of the equinoctial above
the horizon of Z, namely, 38% degrees. Say
therefore, as radius is to the co-fine of the
plane’s declination from the fouth, fo is the co=
fine of the latitude of Z to the fine of R D the
Jatitude of D : which is of a different denomi-
nation from the latitude of Z, becaufe Z and D
are on different fides of the equatar.

Asradius = - - . - . 10.00060
Toco-fine  36° 'o'=RQ 9-90796
So co-fine 51° 30=822Z  9.79415

Taofine 300 1202y 7 (9.70211) =2
the latitude of D, whofe horizon is parallel to
the vertical plane Z 5 at Z,

N. B. When radius is made the Aeft term, it
may be omitted, and then, by fubtracting it
mentally from the fum of the other two, the
operation will be fhortened, Thus, in the pre-
fent cafe,

To the logarithmic fine of /7" R —*

54°* o g.q07g6
Add the logarithmic fine of R D=+ rera

38° 30" 9.79415

Their fum—radius - - - - g0z
gives the fame folution as above: And we fhall

keep to this method in the following part of the
work,

* The co-fing of 36° o, orof R 9,
T The co-fing of 51° 30, or of 22Z.

2

¢




Of Dialing. 355
To find the difference of longitude of the
places D and Z, fay, as radius is to the co-fine
of 38% degrees, the height of the equinoftial at
Z, 1o is the co-tangent of 36 degrees, the plane’s
declination, to the co-tangent of the difference
of longitudes, Thus,

To the logarithmic fine of * 51° 30’ 9.89354
Add the logarithmic tang. of + 54° o 10.13874
Their fum—radivs - - . . 10103228
is the neareft tangent of 47° 8 = ¥ R ; which
is the co-tangent of 42° 52" = R 9, the dif-
ference of longitude fought. Which difference,
being reduced to time, is 2 hours 511 minutes,

3. And thus having found the exaé latitude
and longitude of the place D, to whofe horizon
the vertical plane at Z is parallel, we fhall pro-
ceed to the conftruction of a horizontal dial for
the place D, whofe latitude is 30° 14" fouth
but anticipating the time at D by 2 hours 51
minutes (negleting the L minute in practice)
becaufe D is {o far weftward in longitude from
the meridian of London; and this will be a
truc vertical dial at London, declining weftward
36 degrees.

Affume any right line C § L for the fubftile Fig. 2.
of the dial, and mzke the angle X C P equal to
the latitude of the place (viz. 30° 14’) to whole
horizon the planc of the dial is parallel ; then
C R P will be the axis of the ftile, or edge that
cafts the fhadow on the hours of the day, in the
dial.  This done, draw the contingent line £ 2,
cutting the fubltilar line at right angles in K,

* The co-fine of 38° 30/, or of B D g,
t The co-tangent of 36°, orof D 7,
Aa and




Cf Dialing.

and from K make K R perpendicular to the axis
C R P. Then K G (=K R) being made radius,
that is, equal to the chord of 60’ or tangent of
45° on a good fector, take 42° 52" (the differ-
ence of longitude of the places Z and D) from
the tangents, and having fet.it from K to M,
draw C M for the hour-line of XII. Take KN
equal to the tangent of an angle lefs by 15
degrees than K M ; that is, the tangent 22° 527;
and through the point Ndraw C IV for the hour-
line of I. * The tangent of 12° 52" (which is
159 lefs than 27° 527) fet off the fame way, will
give a point between K and N, through which
the hour-line of Il is to be drawn. The tan-
cent of 2° 8 (the difference between 45° and
42° 527) placed on the other fide of C L, will
determine the point through which the hout-line
of 111 is to be drawn: to which 2° 8, if the
tangent of 15° be added, it will make 15° &'
and this fet off from K towards Q_on the line
E 9, will give the point for the hour-line of
IV: and fo of the reft.—The forenoon hour-
lines are drawn the fame way, by the continual
addition of the tangents 15°, 30°, 45°%, &c. to
42° 52" (=the tangent of K M) for the hours
of X1, X, IX, &c. as far as neceffary ; that is,
until there be five hours on each fide of the
fubftile. The fixth hour, accounted from that
hour or part of the hour on which the fubftile
falls, will be always in a line perpendicular to
the fubftile, and drawn through the center C.
4. In all ereét dials, C M, the hour-line of
XII, is perpendicular to the horizon of the
place for which the dial is to ferve: for that
line is the interfection of a vertical plane with
the plane of the meridian of the place, both
which are perpendicular to the plane of the
horizon :




Of Dialing.

horizon: and any line 2 0, or b 4, perpendi-
cular to C 24, will be a horizontal line on the
plane of the dial, along which line the hours
may be numbered : and C M being for perpen-
dicular to the horizon, the dial will have its trus
pofition,

5. 11 the plane of the dial had declined by an
equal angle toward the eaft, its defcription would
have differed only in this, that the Lour-line of
XII would have fallen an the other fde of the
fubftile C Z, and the line 2 O would have a
fubcontrary pofition to what it has in this
figure.

6. And thefe two dials, with the upper points
of their ftiles turned toward the norch pole, will
ferve for the other two planes parallel to them 3
the one declining from the north toward the
eaft, and the other from the norch toward the
welt, by the fame quantity of angle. The like
holds true of all dials in ‘general, whatever be
their declination and obliquity of their planes to
the horizon.

C'A“SFE™1L

7- If the plane of the dial not only declines,
but alfo reclines, or inclines.  Su ppoleizs declina-
tion from fronting the fouth § b~ equal to the arc
§ D on the horizony and its reclination be
equal to the arc D4 of the vertical circle D Z»
then it is plain, that if the quadrant of aliirude
Z d D, on the globe, cuts the point D in the
horizon, and the reclination is counied upon the
quadrant from D to 43 the iaterfeétion of the
hour<circle P R /, with the equinottial 777 9 k&,
will determine R 4, the latitude of the place 4,

Aaaee whole
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Of Dialing.

whofe hortzon is parallel to the given plane Z 4 at
Z s and R 9 will be the difference in longitude
of the planes at 4 and Z.

Trigonometrically thus: let a great circle
pafs through the three points /7, d, £ and in
the triangle 777 D 4, right-angled at D, the fides
#7 D and D d are given ; and thence the angle
D /77 d is found, and fo is the hypothenufe 77 4.
Again, the difference, or the fum, of D W d
and D W7 R, the elevation of the equinodtial
above the horizon of Z, gives the angle d 'R 5
and the hypothenufe of the triangle /7 R 4 was
juft now found ; whence the fides R 4 and W R
arc found, the former being the latitude of the
place 4, and the latter the complement of R 2,
the difference of longitude fought,

Thus, if the latitude of the place Z be 52° 10/
north 3 the declination § I of the plane Z b
(which would be herizontal at d) be 36°, and
the reclination be 15°, or equal to the are D d;
the fouth latitude of the place 4, that is, the
arc R d, will be 15° 9'; and R 9, the diffe-
rence of the longitude, 36° 2. From thefe
data, therefore, let the dial (Fig. 4.) be de-
feribed, as in the former example.

8. Only it is to be oblerved, that in the re-
clining or inclining dials, the horizontal line
will poc ftand at right angles to the hour.line of
XII, as in erect dials; but its pofition may be
found as follows,

To the common fubflilar line C K 7, on
which the dial for the place d was delcribed,
draw the dial C # p m 12 for the place D, whofe
declination is the fame as that of d (viz. the arc
$ Dy and H O, perpendicular to C m, the hour-
liee of X1 on this dial, will be a horizontal line
on the dial C P R M XIl. For the declination
of
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of both dials being the fame, the horizontal line
remains parallel to itfelf, while the ere& pofition
of one dial is reclined or inclined with reipeét to
the pofition of the other.

Or, the pofition of the dial may be found by
applying it to its plane, fo as to mark the true
hour of the day by the fun, as thewn by another
dial ; or by a clock, regulated by a true meri-
dian line and equarion table,

9. There are feveral other things requifite in
the practice of dialing; the chief of which I
fhall give in the form of arithmetical rules,
fimple and eafy to thofe who have learnt the ele-
ments of trigonometry. For in practical arts of
this kind, arithmetic fhould be ufed as far as
it can go; and fcales never trufted to, except in
the final conftruction, where they are abfolutely
neceffary in laying down the calculated hour-
diftances on the plane of the dial. And al-
though the inimitable artifts of ‘this metropolis
have no occafion for fuch inftructions, yet they
may be of fome ufe to ftudents, and to private
gentlemen who amufe themfelves this way.

R-ULCE T,

To find the angles which the hour-lines on any dial
make with the [ubfiile.

Tothe longarithmic fine of the aiven latitude,
or of the ftile’s elevation above the plane of the
dial, add the logarithmic tangent of the hour
* diftance from the meridian, or from the

*® Thatis, of 135, 30, 435, 60, 759, for the hours of T,
I, H1, 1V, V in the afterncon: and XI, X, IX, VML,
VL in the forenoon,

Az g {ub-
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T {ubftile ; and the fum mings radius will be the
logarithmic tangent of the angle fought.

For, in Fig. 2. K C is to X M in the ratio
compounded of theratio of KC to K G (=K R)
and of K G to K M ; which, making C K the
radius, 10,000000, or 10,0000, Or 10, Of I,
are the ratio of 10,000000, or of 10,0000, OF
of 10, orof 1, t60 KG % K M.

Thus, in a horizontal dial, for latitude 517
30, to find the angular diftance of XI in the
forenoon, or I. in the afternoon, from XI1I.

To the logarithmic fine of 51 30°° 9.89354 }

Add the logarithmic tang, of 15° o 9.42805
The fum—radiusis - - Sl 20y B

the logarithmic tangent of 11° 40/, or of the

angle which the hour-line of XI or T makes
with the hour of XIIL

And by computing in this manner, with the
fine of the latitude, and the tangents of 30,
45, 60, and 75° for the hours of II, I1I, IV,
and V in the afternoon; or of X, IX, VIII,
and VII in the forenocon s you will find their
angular diftancesfrom X1Ito be 24° 18, 389",
53° 357 and 71° 6’5 which are all that there
is occafion to compute for,——And thefe dif-
tances may be fet off from XII by a line of
chords 3 or rather, by taking 1000 from a fcale
of equal parts, and fctting that extent as a rae
dius from C to XII; and then, taking 209 of

T Tn all horizontal dials, and ere@ nerth or fouth dials,
the fubftile and meridian are the fame : but in all declining
dials, the fubilile line makes an angle with the meridian,
.+ In which cafe, the radius C K is fuppofed to be divided
%o rooccoeo equal parts,

5 the
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the fame parts (which, in the tables, are the
natoral tangent of 11° 50°) and fetting them

361

from X1I to XI and to 1, on the line » 0, which Fig, z.

is perpendicular to C XII: and fo for the reft
of the hour-lines, which in the table of natural
tangents, @gainft the above diftances, are 451,
782, 1355, and 2920, of fuch equal parts from
XI1I, as the radius € XII contains 1000.  And
laftly, fet off 1257 (the natural tangent of 51°
30) for the angle of the flile’s height, which is
equal to the latitude of the place.

The reafon why I prefer the ufe of the tabu-
lar numbers, and of a fcale decimally divided,
to that of the line of chords, is becaufe there is
the leait chance of miltake and error in this way ;
and likewife, becaule in fome cafes it gives us
the advantage of a wonius’ divifion.

In the univerfal ring-dial, for inftance, the
divifions on the axis are the tangents of the
angles, of the fun’s declination placed on either
fide of the center. But inftead of laying them
down from a line of tangents, I would make a
fcale of equal parts, whereof 1000 fhould an-
fwer exactly to the length of the femi-axis, from
the center to the infide of the equinoctial ring ;
and then lay down 434 of thele parts toward
each end from the center, which would limic all
the divifions on the axis, becaufe 434 are the
natural tangent of 23"% 29’, And thus b}.' a
nonius affixed to the {liding piece, and tzking
the {un’s declination from an' Epheneris, and
the tangent of that declination from the table of
natural tangents, the flider might be always ¢
true to within two minutes of a degree.

And this fcale of 434 equal parts might be
placed right againft the 235 degrees of the fun’s
declination, on the axis, inftead of the fun’s

Aaag place,
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place, which is there of very litde ufe., For
then, the {lider might be fet in the yfual way,
to the day of the month, for.common ufe; but
to the natural tangent of the declination, when
great accuracy is required.

The like 'may be done whereverga feale of
fines or tangents is required on any Inftrument.

RULE IL

The latitude of the place, the Jun's declination, and
bis bour diftance frow the meridian, bei Ziven,
to find (1.) bis altitude (2.) bis azimarh,

1. Let d be'the fun’s place, 4 R. his decli-
nation ; and in the triangle- P Z d, P d the fum,
or the difference, of d R, and the quadrant 2 R
being given by the fuppofition, as alfo the com-
plement of the latitude P Zs and the angle
d P Z, which meafures the horary diftance of 4
from the meridian; we fhall (by Cafe 4. of
Keill’s Oblique fpheric Trigonometry) find the
bale Z 4, which is the fun’s diffance from the
zenith, or the complement of his altitude.

And (2.) Asfine Z4: fine P d: - inedP 7.
dZ P, or of its fupplement D Z S, the azimuthal
diftance from the fouth,

Or, the practical rule may be a5 follows.

Write A for the fine of the fun’s altitcude, L
and / for the fine and co-fine of the latitude, D
and 4 for the fine and co-fine of the fun’s de-
chnation, and H for the fine of the borary dif:
tance from VI,

Then the relation of A to 4 will have three
varieties,

I. When
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t. When the declination is toward the ele-
vated pole, and the hour of the day is between
XIl and VI; it 8" A4 =L D + Hld, and
p3_4-LD.

=74 .

2. When the hour is after VI, itis /=7 D

—HId, and =L 119;-1

3. When the declination is toward the de-
préﬁ'ed pole, we have 4 = Hl/d— I D, and
H=—LD.

ST ol

Which theorems will be found ufeful, and
expeditious enough for folving thofe problems
in geography and dialing, which depend on the
relation of the fun’s alticude to the hour of the
day.

EXAMPLE. L

Suppole the latitude of the place to be S
degrees north; the time five hours diftant from
X1I, that is, an hour after VI in the morning,
or before VI in the evening; and the fun’s de-
clination 20° north. Reguired the fui’s altitude?

Then, to log. L = log. fin. 51° 30" 1.89354%
add log. D = log, fin, 20° o 1.53405
Their filly” "™ TRSITTEE S 1.42759
gives L D = logarithm of 0.267664, in the
natural fines.

% Here we conlider the radins as unity, and ot 10,00c00,
by which, inflead of the index ¢ we } we—1, as ahove:
which is of no farther ufe, than tiaking the work a lictle
eafier.

And,
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And, to log, H= log. fin. + 15° or

A ; 1.41300
08. ¢ = log. fin, I 389 o 1.79414
add{ log. d = log, fin¥ || 70 o’ ¥-97300

. e
Theirfum - = . '. - - 11801z

gives H I d = logarithm of o, 151408, in the
natural fines,

And thefe two numbers of (0.267664 and
0.151408) make 0.419072 = 4; which, in
the table, is the neareft natural fine of 24° 47,
the fun’s altitude fought.

The fame hour-ditfance being affumed on the
other fide of VI, then L D—H 74 is 0.116256,
the fine of 6° 40°%; which is the fun’s altitude
at V in the morning, or VII in the evening,
when his north declination is 200,

But when the declination is 20° {outh (or to-
wards the deprefled pole) the difference &/ J—
L D becomes negative, and thereby fhew that,
an hour before VI in the morning, or paft VI in
the evening, the fun’s center is 6° 40 % below
the horizon,

EXAMPLE. IL

In the fame latitude and north declination,
from the given altitude to find the hour.
Let the altitude be 48°; and becaufe, in this

cafe, H :f{;_‘z_ﬂ, and 4 (the patural fine of
48°)=.743145, and LD = 267664, A—L D

+ The diftance of one hour from VI.
I The co-latitude of the place.
§ The co-declination of the fun,
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will be 0.475481, whofe logarithmic
fineis - - - - - . . 1.6771331

from which taking the logarithmic
fineof { ++d—= = « = = 1.7671354

Remains - . -« - . . . 1,G099977

the logarithmic fine of the hour-diftance foughrt,
viz. of 54° 22'; which, reduced to time, is
3 hours 3%% min. that is, IX h, 2%+ min, in
the forenoon, or Il h. 22% min, in the after<
noon. :
Put the altitude = 18°, whofe natural fine
is .30901503; and thence 4—L D will be
=.0491953 3 Wwhich divided by / 4 d, gives
-0717179, the finc of 49 6'%, in time 16 mj-
nutes nearly, before VI in the morning, or
after VI in the evening, when the fun’s altitude
is 18°,

And, if the declination 20° had been towards
the fouth pole, the fun would have been de-
prefled 18° below the horizon at 162 minutes
after VI in the evening; at which time, the
twilight would end ; which happens about the
22d of November, and 1gth of January, in the
latitude of 51°} north. The fame way may the
end of twilight, or beginning of dawn, be found
for any time of the year.

NOTE 1. If in theorem 2 and 3 (page 363)
A is put = o, and the value of H is computed,
we have the hour of fun-rifing and fetting for
any latitude, and time of the year. And if we
put H = 0, and compute 4, we have the fun’s
altitude or depreflion at the hour of VI. And
laftly, if H, 4, and D are given, the latitude
may be found by the refolution of a quadratic
equation; for/ =/ 77"

NOTE

365
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NOTE 2. When 4 is equal o, F is equal
%.4‘2 = L D, the tangent of the laticude
multiplied by the tangent of the declinatien,

As, if-iv was required, what is 1he greateff
length of day in latitude 51° 30" 2 ;
To the log. tingent of 51° 30" 0.0993948
Add the log. tangent of 23% 29’ 1.63795673

Their it - S EER s 1.7373511 is
the log. fine of the hour-diftance 33°°%"; in
time 2 h. 122 m. The longeft day therefore
is 12 h. 4+ 4 h. 25 1), =" 16 K 25 m. And
the fhorteft day is 12 h, — 4 h. 25 M=y h,

25 m,
And if the longeft day is given, the latitude
{ Bz s
Falos A £, ¢ ’
of the place is found s being equal to 7 7,

Thus, if the longeft day is 132 hours — 2 % 6

h. 4 45 m. and 45 minutes in time be ng equal
to 113 degrees.

From the log, fine of 11° 15

1.200235%
Take the log. tang, of 23° 29’

1.6379562
P
ReMaing o tue oo i e s 1.6522795
= the logarithmic tangent of lat, 2,4° 17’
And the fame way, the latitudes, where the
feveral geographical elimates and parallels begin,
may be found; and the latitudes of places, that
are afligned in authors from the length of their
days, may be examined and corrected.
NOTE 3. The fame rule for fAnding the
longeft day in a given latizcude, diftinguithes the
hour-lines that are neceflary to be drawn on any
dial from thofe which would be {uperfuous.
In lat. 529 1o the longeft day is 16 h, 32 m.
and the hour-lines are to be matked from 44 m.

7 after
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after I11 in the morning, to 16 m. after VIII in i
the evening,

In the fame latitude, let the dial of Art. s ‘
Fig. 4, be propofed ; and the elevation of its |
ftile (or the latitude of the place d, whofe hori- 1
zon is parallel to the plane of the dial) being i
15° 9" the longeft day at 4, that is, the longeft |
time that the fun can illuminate the plane of the il
dial, will (by the rule # = T L XT D) be i
twice 6 hours 27 minutes = 12 h. 54 m. The i
difference of longitude of the planes 4 and Z fl |
was found in the fame example to be g6%a"s 7
in time, 2 hours 24 minutes; and the declina. i
tion of the plane was from the fouth towards the |
weft. Adding therefore 2 h. 24 min, to 5 h, i
33 m. the earlieft {un-rifing on a horizontal dial ‘”
at 4, the fum 7 h. 57 m. fhews that the morn. |
ing hours, or the parallel dial at Z, ought to i
begin at 3 men. before VIII. And to the lateft il
fun-fecting at 4, which is 6 h. 27 m. adding the 1
fame two h. 24 m. the fum 8 h. 51 m. exceeding U
6 h. 16 m. the lateft fun-fetting at Z, by 35 m,
fhews that none of the afternoon hour-lines are : i
fuperfluous. And the 4 h. 13 m. from III h. . il §
44 m. the funrifing at Z to VII h: 57 m, the |
fun-rifing at 4, belong to the other face of the il
dial ; thatis, to a dial declining 36° from north |
to eaft, and inclining T iy

EXAMPLE I |

From the fame data to find the fun’s azimutp,’

If H, L, and D are given, then (by Art, 2, i
of Rule I1.) from H having found the altitude '1
and its complement Zd; and the arc 2 D (the '

diftance
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diftance from the pole) being given; fay, As
the co-fine of the altitude is to the fine of the
diftance from the pole, fo is the fine of the hoyr-
diftance from the meridian to the fine of the
azimuth diftance from the meridian,

Let the latitude be 51° 30" north, the decli-
nation 15° 9 fouth, and the time 11 h. 24 m,
in the afternoon, when the fun begins to illumi-
nate a vertical wall, and it is required to find
the pofition of the wall.

Then, by the foregoing theorenss, the com-
plement of the altitude will be gy 32, and
£ d the diftance from tlie pole being 109° 5,
and the horary diftance from the meridian, or
the angle 4P 7, 36,

To log. fin. 74° 51+ - - 1.98464

Add log. fin. 36° 0" - . 1.76922

And from the fum - - 1.75386

Take the log. fin, 81° 3272 1.99525

Remains - - . .". 150861 — log.
fin. 35° the azimuth diftance fouth,

When the altitude is given, find from thence
the hour, and proceed as above,

This praxis is of fingular ufe on many oc-
cafions; in finding the declination of vertical
planes more exactly than in the common way,
efpecially if the tranfit of the fun’s center is ob-
lerved by applying a ruler with fights, either

plain or telefcopical, to the wall or plane, whofe
declination is required.~—In drawing a meridian-
line, and finding the magnetic variation.—In
finding the bearings of places in terreftrial fur.
veys; the tranfits of the fun over any place, or
his horizontal diftance from ic being obferved,
together with the alttude and hour.—And
thence
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thence determining fmall differences of longi.
tude.—In obferving the variation at fea, &c.

The learned Mr. Andrew Reid invented an
infirument feveral years ago, for finding the
latitude at fea from two altitudes of the fun, ob.
ferved on the {fame day, and the interval of the
obfervations, meafured by a common watch.
And this inftrument, whofe only fault was that
of its being fomewhat expenfive, was made by
Mr. Fackfon. ‘Tables have been lately computed
for that purpofe,

But we may often, from the foregoing rules,
refolve the fame problem without much trouble ;
efpecially if we fuppofe the mafter of the thip to

know within 2 or 3 degrees what his latitude is.
Thus.

Aflume the two neareft probable limits of the

: A+LD
latitude, and by the theorem H— *1 ~—? com.

pute the hours of obfervation for both fuppo-
fitions. 1f one interval of thofe computed
hours coincides with the interval obferved, the
queftion is folved. If not, the two diftances of
the intervals computed, from the true interval,
will give a proportional part to be added to, or
fubtracted from, one of the latitudes affumed,
And if more exactnefs is required, the operation
may be repeated with the latitude already
found. :

But whichever way the queftion is folved, a
proper allowance is to be made for the difference
of latitude arifing from the fhip’s courfe in the
time between the two obfervations.

o
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Of ibe doudle borizontal dialy and the Babyloniad
and Italian dials.

To the gnomonic projetion, there is fometimes
added a ferengraphic projection of the hour-
circles, and the parallels of the fun’s declinatior,
on the {fame horizontal plane ;. the upright fide
of the gnomon being floped into an edge, ftand-
ing perpendicularly over the center of the pro-
jection: {o that the dial, being in its due pofition,
the thadow of ¢hat perpendicular edge is a verti-
cal circle pafling through the {un, in the ftereo-
graphic projection.

The months being duly marked on the dial,
the fun’s declination, and the length of the day at
any time, are had by infpetion (as alfo his alti-
tude, by means of a fcale of tangents). But its
chief property is, that it may be placed true,
whenever the fun thines, without the help of any
other inftrument.

Let d be the fun’s place in the ftereographic
projection, x dy = the parallel of the fun’s decli-
nation, Z 4 a vertical circle through the fun’s
center, P 4 the hour-circle ; and it is evident,
that the diameter IV § of this projection being
placed duly north and fouth, thefe three circles
will pafs chrough the point 4, And therefore,
to give the dial its due pofition, we have only
to turn its gnomon toward the fun, on a hori-
zontal plane, until the hour on the common
gnomonic projection coincides with thas marked
by the hour-circle P 4, which pafies through the
interfection of the thadow Z 4 with the circle of
the fun’s prefent declination,

The Babylonian and Iialian dials reckon the
hours, not from the meridian, as with us, byt

' from
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! fiom the fun’s rifing and fetting, Thus, in Plate

{2aly, an hour before fun-fet is reckoned the 23d XXIUL.
hour ; two Hours before fun-fer, the 2:d hour ; i
and {o of the reft. And the thadow that marks i |
them on the hour-lines, is zhat of the point of a
ftile. This occafions a perpetual variation be-
tween their dials arid clocks, which they muft i

corret from time to rime, before it arifes to ‘any il
fenfible quantity, by fetting their clocks fo much I
fafter or flower. And in [faly, they begin theit |
day, and regulate their clocks, not from fun-fety }
but from about mid-twilight, when the 42¢ Maria it |
is faid; which correQs the difference that would ”‘ ‘
otherwife be between the clock and the dial, i

The improvements which have been made in M i
all forts of inftruments and machines for meafur- Il
ing time, have rendered fuch dials of lictle
account. Yet, as the theory of them is inge- i
nious, and they are really, in forhe relpedts, the |
beft contrived of any for vulgar ufe, a general idea
of their defcription thay not be anacceptable. ‘

Let Fig. 5. teprefent an ere@® dire@ fouth !
wall, on which a Babylonian diel is to be drawn, I 1
fhewing the hours from fun rifing; the latitude i
of the place, whofe horizon is paralle]l o the R
wall, being equal tw the ahgle KC R.  Make, '
as for a common dial K G=K R (which is pei- |
pendicular to € R) the radius of the ¢quinaciial f
/E 9. and draw R § perpendicular to C K for
the ftile of the dial ;" the fhadow of whofe point i
R is to mark the hours, when § & is fer upright |
on the plané of the dial,

Then it is evident, that in the contingent lise
& Q, the fpaces K1, K2, K 3, ‘&c. being
taken equal to the tangents of the hour-diftances;
from the meridian, to the radius KG, one, two,
three, &c. hours after fun rifing, on the equi-
noctial day ; the fhadew of the point R will be .

B b found, 1.
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length of a day s 14 equino&ial hours, the
unequal hour is then L& or Z of an hour, that
18, 70 minutes; and the nocturnal hour is L0
minutes. - The fieflt watch begins at VII (fuin«
let)s the fecond at chree times £0 minutes after,
viz. IX h, 3o m. the third always at midnight;
t.e morning watch at £ hour paft II.

If it were reqired to draw a dial for fthewing
thefe unequal nours, or 1zth paits of the day,
we muft take as many declinations of the fun as
are thought neceflary, from the equaror towards
cuch. tropic : and having computed the fun’s
altitude aiid azimuth for ', 2, 2.th parts, &c.
of each of the diurnal arcs belonging to the de-
clinations affumed : by thefe, the feveral points
in the circles of declination, where the fhadow
of the flile’s poinc falls, are determined : and
curve lines drawn through the points of an
homelogous divifion will be the hour-lines re-
quired,

Of the vight placing of dials, and having a true
meridian line for the regulating of clocks and
walcbes.

The plane on which the dial is to reft, being
duly prepared, and every thing neeeflary for
fixing it, you may find the hour tolerably’ exaét
by a laige equino€tial ring dial, and fex your
watch to it.  And thenthe dial may be fixed by
the watch at your leifure,

If you would be more exad, take the fun’s
altitude by a good quadrant, noting the precife
time of obfervation by a clock or watch, I'hen,
compute the time for the altitude obferved, (by
tie rule, page 364) and fet the watch to agree
with that time, according to the fun. A Hadley's
: quadrant
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quadrant is very convenient for this purpofe 5
for, by it you may take the angle between the
fun asd his image, refleéted from a balon of
warer: the half of which angle, fubtracting the
refraction, 1s the altitude required. 1his is
beft done in fummer, and the nearer the fun is
to the prime vertical (the eaft or weft azimuth)
when the obfervation is made, fo much the
better.

Or, in fummer, take two equal altitudes of the
fun in the fame dayy one any time between 7 and
10 o’clock in the morning, the other between 2
and 5 in the afternoon; noting the moments of
thefe two obfervadons by a clock or watch: and
If the watch fhews the obfervations to be at
equal diftances from noon, it agrees exadtly
with the fun; if not, the watch muft be cor-
re€ted by half the difference of the forenoon and
afternoon intervals; and then the dial may be
fer true by the watch.

Thus, for example, fuppofe you have taken
the fun’s altitude when it was 20 minutes naft
Vill in the morning by the watch 5 and found,
by obferving in the afternoon, that the fun had
the fame aiutude 10 minutes before 1115 then
It is plain, that the watch was 5 minutes too
falk for the fun: for 5 minutes after X1I is che
middle time between VIII h, 20 m. in the
morning, and III h. z0 m. in the afternoon; and
therefore, to make the watch agree with the fun,
it muft be fet back five minuses,

A good mevidian line, for regulating clacks & sere.
or watches, may be had by the tollowing e a
method.

Make a round hole, almoft a quarter of an
inch diameter, in a thin plate of meral; and fix
the plate in the top of a fauth window, in fuch a

Bb g manoer,

ey
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manner, that it may recline from the. zenith at
an angle equal to the co-latitude of your place, as
nearly as you can guefs; for then, the plate will
face the fun directly at noon on the equinoctial
days. Let thefun thine freely through the hole
into the room ; and hang a plumb-line to the
ceiling of the room ; at leaft five or fix feet from
the window, in fuch a place as that the fun’s
rays, tranf{mitted through the hole, may fall
upon the line when it is noon by the clock ;
and having marked the faid place on the ceiling,
take away the line.

Having adjufted a fliding bar to a dove-tail
groove, in a piece of wood about 18 inches long,
and fixed a hook into the middle of the bar, nail
the wood to the above-mentioned place on the
cicling, parallel to the fide of the room in which
the window is : the groove and bar being to-
wards the floor. Then, hang the plumb-line
upon the hook in the bar, the weight or plum-
met reaching almoft to the floor ; and the whole
will be prepared for fariher and proper adjuft-
ment.

This done, find the. true folar time by either
of the two laft methods, and thereby regulate.
your clock. Then, at the moment of next noon
by the clock, when the fun thines, move the
fliding bar in the groove until the fhadow of the
plumb-line bife&s the image of the fun (made
by his rays tranfinitted through the hole) on the
floor, wall, or on a white fcreen placed on the
north fide of the line s the plummet or weight
at the end of the line hanging freely in a pail of
water placed below it on the floor.—But becaufs
this may not be quite corret for the firft time,
on account that the plummet will not fettle im.
mediately, even in water; it may be farther cor-
' rected
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rected on the following days, by the above
method, with the fun and clock; and fo brought
to a very great exactnefs. :

N.B. The rays tran{mitted through the hole,
will caft but a faint image of the fun, even on a
white fcreen, unlefs the room be fo darkened
that no fun-thine may be allowed to enter, but
what comes through the fmall hole in the plate.
And always, for fome time before the obferva-
tion is made, the plummet ought to be immerfed
in a jar of water, where it may hang freely , by
which means the line will foon become ileady,
which otherwife -would be apt to continue
{winging,

As this meridian line will not only be fuffi-
cient for regulating of clocks and watches to the
true time by equation tables, but allo for moft
aftronomical purpofes, I fhall fay nothing of the
magnificent and expenfive meridian lines at
Bologna and Kome, nor of the better methods by
which aftronomers obferve precifely the tranfics
of the heavenly bodies on the meridian,

| P? R S i <) 3 1

Shewing bow to calculate the mean time of any New
or Eull Mocng or Eclipfe, [from the creation of the
world to the year of CHRIST 5800.

N the following tables, the mean lunation is
I about a 20th part of a fecond of time longer
than its mealure as now printed in the third
edition of my Aftronomy ; which makes a dif-
ference of an hour and 30 minutes in 8ooo
years.—But this is not material, when only the
mean times are required.

Bb g4 PRE-
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The Calculation of mean New and Fyl) Moons,
EXAMPLE L
Reguired the time of new moon in September, 7647
(a year not inferted in the table)

Moon from fun,

To the year after Chrift's S

birth - — 1753 10 g 24 56

Add compleat years 11 0 10 14 20
(fum 1%64)

And join September - - 2 22 21 8

e
The fum of thefe mean motionsis 12 0 24
which, being {ub. from a circle,

or ) I -

Leaves remaining. = - . 1o 17 59 36
Next lefs mean mot. for 26 days,

{ub. LN SR e (8 0S5

And there remains .~ . . 3o 2o
Next lefs mean mot. for 2 hours,

fub, - C S I 057

e ) W—— i

And the remainder will be - - I 5

Next lefs mean mot. for 2 min.
{ub, - - - - : S
-'.-——"""--_"—"-—

Remains the mean mot. of 12 fec, 4

Thefe times, being colleCted, would fhew
the mean time of the required new moon in
September 1764, to be on the 26th day, at 2
hours 2 min. 12 fec. paft noon. But, as it is in
a leap-year, and after February, the time is one
day too late. So, the true mean time is Sep-

tember the 25th, at 2 m. 12 fec. paft II in the
afternoon,

B




The Calculation of mean New and Full Moons.

N. B. The tables always begin the day at
noon, and reckon thenceforward, to the noon
of the day following.

To find the mean time of full moon in any given year
and month after the Chriflian Fra.

Having colleéted the moon’s mean motion
from the fun for the beginning of the given
year and menth, and fubtracted their fum from
12 {igns (as in the former example) add 6 figns

to the remainder, and then proceed in all re- -

fpetts as above,

EXAMPLE II

Reguired the mean time of full moon in September

17642
Moon from fun.
To the year after Chrifp’s R R
birth — — " j3ss2 1o ‘9 24 56
Add compleat years - 17 o 10 14 20
(fum 1764)
And join September - - 2 22 21 8
The fum of thefe mean motions
is - - - - 112 02
Which, being fubt. from a cir- <
cle, or - - = 12 0 0 O
Leaves remaining . - . - 35 17 59 36
To which remainder add - 6 0 0o o
And the fuom will be - - 4 17 59 26

Brought
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The Calculation of mean New and Full Moens.

Moon from fun,

5 o LRt
Brought over — 4 17 59 26
Next lefs mean mor, for 11 5
days, fubt, - - 4 314 5 54
And there remains - - 3 53 42
Next lefs mean mot. for 7
hours, {ubrt. - - 3 33 20
o S
And the remainder will be - 20 22
Next Jefs mean mot. for 40
isin. {ubt, B - - 20 1g
——

Remains the mean mot. for 8
fees oi's s -

So, the mean time, according to the tables,
is the 11th of September, at 7 hours 40 minutes
8 feconds paft noon. One day too late, being
after February in a leap year.

And thus may the mean time of any new or
full moon be found, in any year after the Chrif-
tian Ara,

To find the mean time of new or full smoon in any
&iven year and month before the Chriftian /Fra.

If the given year before the year of CHRIST

1 be found in the third column of the table,
under the title 2ears before and after CHRIST,
write it out, together with the given month,
and join the mead motions, But, if the given
year be not in the table, take our ‘the next
greater one to it that you fnd; which being
ftill farcher back than the given year, add .as
many compleat years to it as will bring the
time forward to the given year; then join the
month, and proceed in all refpects as above,

EX A M-




The Calculation of mean New and Full Moons.

EXAMPLE III,

Reguired the mean time of new moon in May, the
year before Clrift 585 2

The next greater year in the table is 600 ;
which being 15 years before the given year,
add the mean motions for 15 years to thofe of
6oo, together with thofe for the beginning of

May.
Moon from fun,
] o £ er
To the year before Chriff 600 - 5 11 6 16
Add compleat years motion 15 6 0 55 24
And the mean motions for May o 22 53 23

The whole fum is - - O 4. 55 3
Which, being fubt, from a cir-

cle, or - - - § i i s e
Leaves remaining - - 11 25 4 57
Next lefs mean mot. for 29

days, fubt, - - 11 23 31 54
And there remains - = 133 3
Next lefs mean mot. for g hours

fubt. - - “ I 31 26
And the remainder will be e 1 37
Next lefs mean mot. for 3 min.

fubt. - 3 2 T 31

Rem. the mean mot, of 14 fe«
conds - - - 6
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The Calcutation of Eclip yfis,
So, the mean time by the tables,

was the
29th of May, at 3 hours 3 min. 14 fec. paft

noon. A day later than the truth, on accoune
of its being in a leap-year. For as the year of

CHRIST & was the firlt after g leap-year,
the year 585 before the year 1 was a leap-year
of courfe.

If the given year be after the Chriftian Hira,
divide its date by 4, and if nothing remains, it
is a leap-year in the old ftile. But if the given
year was before the Chriftian Zira (or Year of
CHRIST 1) fubtra@ one from its date, and
divide the remainder by 4; then, if nothing
remains, it was a leap-year ; otherwife not,

To find whether the fun is eclipfed at the time of any
Ziven change, or the moon at any given full.

Ofclipfs. _ From the Tadle of the Juw’s mean motion (or
itance} from the moon’s affmdz'r:g node, colle@

the mean motions anfwering to the given time ,

and if the refult thews the fun to be within 8

degrees of ecither of the nodes at the time of

new moon, the fun will be eclipfed at that time,
Or, if the refult thews the fun to be within 14
degrees of either of the nodes at the time of ful}
moon, the moon will be eclipfed ar that time, in
or near the contrary nod

€3 otherwife not,




The Calculation of Eclipfes.

EXAMPLE 1v.

The moan changed on the 26th of September 1964,
at 2 b. 2 m. (neglefting the feconds) after noon
(See Example 1) Qu. Whether the fun was
eclipfed at that time 2

Sun from node,

To the year after Chriff’s T

birth  — 1753 128 o019

Add compleat years - 11 7 8356
(fum 1764

September - - 8 12 22 49

26 days - - - 27 O 13

= 2 hours - - - 5 I2

2 minutes = - - 5

Sun’s diftance. from the afcend-
ing node - - - 6 93234

Now, as the defcending node is juft oppofite
to the afcending, (viz. 6 figns diftant from it) and
the tables thew anly how. far the fun. has gone
from the afcending node, which, by this exam-
ple, appears to be 6 figns g degrees 32 minutes
34 feconds, it is plain that he muf, have then
been eclipled; as he was then only 9° 32" 347
fhort of the defcending node.

E X A M-




To find wwbhen there muft be Ed;ﬁé :
remainder; fubtraét the next lefs mean motions
belonging to whatever menth you find them in
the table; and from heir remainder {ubtract the
next lefs mean motion for days, and fo on for
bours and minutes : the refult of all which will
fhew the time of the fun’s mean conjuntion
with the afeending node of the moon’s orbit.

EXAMPLE VIl

Regquired the time of the fun’s conjunétion with the
afcending node in the year 964

Sun from node,
B o BTN My

To the year after Chrif's
birth = - 1753

128 o
Add compleat years - T R S

ig9

56

Mean dift atbeg.of AD. 1764 g o 4 15
Subtract this diltance from a

circle, or 5 - A RO O

And there remains - - 220 55 45
Next lefs mean motion for

March, fubtract T S B TR

e . e,

And the remainder will be - o0 28 39 6

Next lefs mean motion for 27

days, fubtrac: - 028 2 32

g

And there remains - - 36 34
Next lefs mean motion for 14

hours, fubtrafted - - 36 21
Remains (nearly) the mean mo-

tion of 5 minutes - = I3

e —
Hence




The Period and Return of Eclipfes.

Hence 1t appears, that the fun will pafs by
the moon’s aftending node on the 25th of March,
at 14 hours 5 minutes paft noon; viz, on the
28th day, at 5 minutes paft 11 in the morning,
according to the tables: but this being in a
leap-year, and after February, the time is one
day too late. Confequently, the true time is at
5 min. paft 11 in the morning on the 27th day ;
at which time, the defcending node will be di-
rectly oppofite to the fun.

It 6 figns be added rto the remainder arifing
- from the firft fubtraction, (viz. from 12 figns)

and then the work carried on as in the laft
example, the refult will give the mean time of

the fun’s conjunétion with the defcending node,
‘Thus, in

X AMP L E. VL

To find when the fun will be in conjunélion with the
defeending node i the year 1764 ?

Sun from node,
3 o 'l td

To the year after Chrifi’s
birth - - 1753 1 28 o0 19

Add compleat years - ER0 iy Lol e E6
M. d. fr. afc. n, at beg. of 1764 ¢ o 4T
Subtraét this diftance from a cir- J

cle, or - - - 12 © o o

And the remainder wi!l be 412729 55 45
To which add half acircle,or « 6 o o o
e e ]

Andthe fam willbe =~ - 8 29 55 45
Cca2 Brought
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The Period and thr,grn of Eclipfes.

: Sun fr. node,
Brought over = 8 29 5¢ 45
Next lefs mean mot. for Sept. fubt. 8 12 22 49
And there remains - =01 3256
Next lefs mean mot. for 16 days,
fubt, - - - =016 37 4
And the remainder will be < 35 .52
Next lefs mean mot. for 2 ¢ hours,
fubtracted - - - 54 32
--——-H—-"_-—-——uu
Rem. (nearly) the mean mot. of
31 min. - - - I 20

e i g

So that, according to the tables, the fun will
be in conjunétion with the defcending node on the
16th of September, at 21 hours 31 minutes paft
noon: one day later than the truth, on account
of the leap-year.

When the moon changes within 18 days be-
fore or after the fun’s conjunction with either of
the nodes, the fun will be eclipfed at that
change : and when the moon is full within 12
days before or after the time of the fun’s con-
junétion with either of the nodes, fhe will be
eclipfed at that full : otherwife not.

If to the mean time of any eclipfe, either of the
un or moon, we add 557 Julian years 21 days
18 hours 11 minutes and 51 feconds (in which
there are exaétly 6890 mean lanations) we fhall
heve the mean time of another eclipfe. For at
the end of that time, the moon will be cither
pew or full, according as we add it to the tine

of aew or full moon; and the fun will be only
45" farther from the {ame node, at the end of

‘("

il the




The Peviod and Return of Edipes.

the faid time, than he was at the beginning of
it; as appears by the follawing example*.
The period. Moon fr.fun.  Sun fr. node.

’ o .

§ o § o T

leat F500—3 5 32 47—10 14 45 8
C‘%’é‘iﬁia 40—8 26 50 37— T 23 8 49
17—3 2 21 39—10 28 40 55

days 21—8 16 o 21— 2I 48 338

y7

hours 18— g 8 35— 46 34
minutes 11— 5 35~ 29
feconds 51— 26— 2

Mean motions —0 0 O O0— 0 O 0 45

And this period is fo very near, that in 6000
years it will vary no more from the truth, as to
the reftitution of eclipfes, than 8% minutes of a
degree; which may be reckoned next to nothing,
It is the fhorteft in which, after many trials, I
can find fo near a conjunétion of the fun, moon,
and the fame node.

# Dr. Harrzy’s period of eclipfes contains only 18 years
31 days 7 hours 43 minutes 20 (econds ; in which time, ac-
cording to his tables, thereare jult 223 mean lgnations: but,
as in that time, the fun’s mean mosion from ’Lhc ,'206.6 is no
more than 117 29° 317 49", which wants 28" 117" of being
as nearly in conjonftion with the fame node at the end
of the pr:riod ag it was at the beginning; this period can-
not be of conftant duration for finding eclipfes, becaufe- it
will in time fall quite withaut their limits. The following
tables make this period 31 feconds {lerter; as appears by the
following calculation,

The period. Moon fr, Sun.  Sun fr, node.
s o ” ,r s o -, e
Compleat, years i8—7 11 §9 a—i1 17 46 18
days 11—4 14 § 54— 11 25 29

bt “=ma=i T et 18 11
min. 42— 2T 20~¢ 1 49
{ec, 44 22— 2
Mean motions —0 @ @ o=Iii 29 31 49

Cc3 This

n
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A Table of the Moon’s mean Mbotinsy Jrom the Sun

;\? Maoa from fun |Maoon from {un Moon from fun,
B I [
Sl g | e e (R TP
1 f| O X211 2308, | # w o [l & 12

2-P.24 22 szl || —
| 3 I.6.34 20 e 30 29f| 31115 44 47
4| 118 45 4711 2§ 1 "o 5y 32116 15 16

SE2 e @ig 13 311 31 261 23116 45 44
I 62 13 8 40 4 2 1 54 3417 16 13
| 71 225 20 71 §|'2 32 ‘231 a5 Frg 46l 42
- 813 731341 8 3 %2 colf 36118 17 10
91 3 19 43 ol 71 3 33 20| 37/18 47 39
(1o 4 X se 271 Blig "3 yoll 3hlig 18 7
1/ 4 14 5 54(| 9.4 34 18]| 39 19 48 36
12| 4 26 17 20| 10| & 4 46 4020 19 3
13175 828 47| 111 5 35 15[} 4120 49 33
1315 20 40 14|} 12/ 6 & 43lb 42121 20 2
15| 6 2 51 40| 13| 6 36 12| 43|21 350 3t
16 6 15 3 #llirgl 7 g 411 4422 20 59
170 627 14 34|| 15 7 37 ofl 45l22 s1 28
18] 7 g 26 ofl 16| 8 7 38| 46(23 21 56
#1GI 7 21 37 27110171 8 38 6[| 47|23 52 2%
2018 348 5411 181 g "8 35|l 48|24 22 54
23168 ab.elar)|lirg 9 39 4{] 49]24 53 22
22| 8 28 11 471]l 25/40 9. 32f| 50|25 23 51
2% 9.10 23 141121110 40 | 51025 54 19
241 9 22 34 411 22100 10 30|l §2(26 24 48
25010 4 40 71| 23{11 40 58 53420 55 17
20090 10 57 2all g4l 1a R 2711 54|27 25 45
27110 29 9 ¥l 25182 41 g5l 56127 6B 1g
2811 11 20 27|| 26 E3 12 24} 56|28 26 43
2941 23 31 5411 27173 42 §31| 57128 57 11
30| 0 5 43 21([ 28|14 13 21 58129 27 40
31(00 17 54 4711 29114 43 50|l 59|29 5B '8
32,1 0 6 15i| 30|15 14 18]] 65 30 28 37

i Lunanon =2¢4 y2" 44 2% 6th oI 14vZ4E ov 1t

In Ieap years, after February, a day and its motion muft
be added to the time for which the moon's mean diftance
from the fun is given,  Bat, when the mean time of any
new or full meon s required in leap-year after February,
2 day muft be fubtra@ed from the mean time thereof, as

found by the tables. In common years they give the day
right,

Years

t




A Table of the Sun's mean Motion from the Moow's 398

Ajcending Node.

1‘:;111:6 Vears | Years before Ci =
juliian ke | R from node. l pg:‘; Sua from nodc]
period, WorldJCrz18T} , o ¢ # yoard foo
~¢6 © o8l 7 6 :

s ) 4008 7 617 off m]7 2 356
7! =~ 4o00[ © I1 4 55 Iy 26 L 3
i:H igcjs & 3c00| 9 10 35 11 13| 8 11 17 2
5;3;4 ;O:S = 2000f 0 10 § 28 141 9 © 22 2§
3§!i 3108 3 i : 29 e g e
3914 | 3208| 5 g._o L Baid g%
.mr‘.‘ 3308 g i TR B o 1218 2k 42 53
+”T} R g 7oc| 4 24 26 49 18 Ji1 17 46 18
+=:1+ 3508 o ?UO L3 EL o S
43]4 o 2 300 ‘15 24 20 53 20{ o 26 59 24
dors|s6cs| T dool 6 9 7 sall go} 122 584
4-:',;_ :iéc” “E 300 10 2414 5‘6 6ol z 20 58 13
%11 3908 | % giggps e 1) e Sy 3 17 56 47
B b ;:L 100 g *; 239 100] 4 14 §7 2
47 ! 1 1 zcol 8 29 §

. 8 ; - =
2k FIEEE ap i) 4 aa 3Bl SRRt 5
24 jacé o221 9 g o 4 4°0% 5 29 43 7
21;4 17-'08 = 301 1 23 57 6ff 509]to 14 45 8
ST $4T0), S - a0 68 %4, 8§l TO00] & 29 3O 17
;":‘r A 501{10 23 51 gj} 200c] 5 29 9 33
éi e cor| 9 8 36 18|] 300¢) 2 28 3o sC
6422 ),zr 1701| 4 23 15 gof| 4coafrr 28 1 6
6.:[ ; EZ_ o 1753] 1 28 o 1g||Months.{Sun fiom nede.
- 4 |53c8 1801| 8 25 44 44 T
S 5728 Compleat |sun fiom node, Jam. | o o 0 ©
5 o ok Years. g @y il Feb. 1° 21 14
o T v [T T < croalf. Mar e
5 e ol G e B | ] S 1639
298 |52 z| 1 8 10 47{| Apul] 3. 3 28 2%
b wo |2 § 3| 1271010 May | 4 4 37 57
Se=7 £ 4 21723353 June 6
S8= 5 5 49 45
5 o bty S 6 29 16| July | 6 7 59 14
ggm.ﬂd L g 2 25 34 40 Aug:l 7 g 11 1
8o e &:&7 4 14 40 3|l Sept-| 8 ¥z 22 4
E_ﬁggséﬁsswwﬂrﬁ O&. | 9 13 32 1
%:.,a;%j‘re;szzssg Nov. [10 15 44 3
8 Jeaels 10 6 12 58 331} Dec. |11 16 53 34
p 5}3}: < This table agrees with the old file until the
= = year 17533 and after that, with the mew. J

paysv




A Table of the Sun's mean Motion from the Maor's

dfeending Node.

l

|

E Sun trom node [|son tiom node [(Sum inm node,
i B 4] a M, | "
e Ml z ~ ~ > rtr, g
1 o 1 2 If_j 27 FEE iir T_l rrr yrrd v
2l 0 2 4 3Bl
3/ 03 657l r].0 2.36/ 1 I 20 31
4/ 0 4 9 16]| 2] 0 5 i2]| 32 g R
50 5 a1 36Li 31 0 748/f 33) 1 25 43
6| © 6 13 54(| 4| o 10 23| 34 I 28 g
71 © 7 16 13]] 5] o 12 59|] 35 L3155
3| 0 8 18 32(| & © 15 35(] 36 1 33 31
9 © 9 20 51|l 71 018 11lf 37| 1 36 p
10{ o 10 23 10| 8f 0 20 47|| 38| 38 42
¥1{ 0,11 25 2911 9| 0 23 23|| 34| 1 41 18
12/ 0 :2 27 48(|icf 0 25 58J 40/ 1 43 59
113] ©13 30 7||ir| 0 28 33| 41| 1 46 36
14/ © 14 32 26|12} 0 31 9_‘ 421 1 49 3§
151 0 I5 34 15/113| © 33 45/ 43} 1 §1 41
16| o 16 37 4||14)'0 36 21(] 44| & 54 17
171 © 17 35 2311151 0 38 57/ 45| 1 56 53
18 0 18 41 41|[16| 0 41 32|| 46| 1 59 29
19/ © 19 44 ofl17/ 0 44 8|/ 47/ 2 2 5
20| 0 20 46 19(118| 0 46 44/| 48| 2 4 41
241 0 21 48 381119 0 49 20|| 49| 2 7 17
22| 0 22 50 57||22| © §I 5011 50} 2 g 53
23] 0 23 53 16}(21| 0 54 32|| 51| 2 12 29
24| © 24 55 35//22] 0 57 8|[ 52| 2 15 5
25[1C 25 57 54{|23,. 0 .59 43(| 53| 2 17 41
2061 © 27 © 1301241 1 2 14 541 2 20 I?
2710 28,2 3201250 1 4 55(| 55( 2 23 53
251 0 20 4 si||26] 1 7 31)f 56/ 2 25 29
291 I 0 gz rcflazl 1 1o gll 571 .2 28 4
001 v 9 2091028 112 43() 58] 2 30 40
Jif 1. 2 11 48129/ 1 15 9|/ 59f 2 33,16
321 1 3 14 7ll30l 1 17 55 o 2 35 52

Inleap. years; ‘after Febriary, add one day and one

day’s motion' to the time at which the fu

tance from the afeending node is required,

n's mean dif-
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A
Dulteration of metals, to detect page 159
_A Air, its properties 168
Air—pu.‘wp 179
experiments upon it 182—1200
Alderfea {Mr.) his engine for raifing water 125
Angle, of incidence 205
of TCﬂEaiﬂﬂ 240
of refraction 203
Anteeci 267
Apparent motion of the heavens 250

Archimedes, his propofition for finding the area of a
cirele, and the folidity of a cylinder raifed upon that

circle 139
for finding the deceit in king Hiero’s crown 153
Armillary {phere 312
Atmolphere, its whole weight upon the carth 170
Attraétion, of cohefion 6
of gravitation 8
of magnetiim 1y
of elettricity 13
Azimuth o
B 303
Balance 50
Barometer 172
Bodies moving in orbits have a tendency to fly off
from their orbits 30
Bodies move fafler in fmall orbits than in large ones 31
their centrifugal forces ib.
Burning-glafles, the force é)f their heat 208
Camera obfcura 238
Cartefian vortexes, abfurd * 35
Center of gravity 3 13
the curves defcribed by bodies moving round
it 25
Central forces 1g=—4 1
Circles of the fphere 251
Climate _ 28q

Coloured
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Coloured bodies, which are tranfparent, become opake
if put together

245
Colures 297
Combined forces, their effed 21
Common pump 11y
Conftellations 268
Cranes 84—38q
D
Damps 175
Danger of peoples rifing haftily in a coach or boat
when it is likely to be overfet 14
Days lengthened by the refraGion of the fun’s rays 204
Declination of the fun and ftars 3cq
Defcending velocity, gives a power of equal afcent i2
Dialing 316—377
Double projedtile force, a balance to a quadruple
power of gravity 27
E !
Earth, its motion demanftrated 45
proof of its being globular 247
Earthquakes 178
Eclipfes 384
Ecliptic 249
Ele&tricity 8
Engine (any mechanical) how to compute its power 48
for working pumps by water 125
for raifing water by the firength of horfes 128
Equation of time 310
Equinottial 249
Eye, defcribed P g 212
Face of the heaven and earth, how reprefented in a
machine 248
Fermentations 176
Fire damps 177
Fluids, their preflure 101
Fire engine 143
Forces, central 19—41
—————combined 21
Forcing pump 122
Foundation principle of all mechanics 47
Fountain at command e 116
Frigid zones T 274

Gold,
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Gold, how much heavier than its bulk of water 153
Gold-beaters, to what a prodigious extent they can

hammer out gold 4
Glafs, the fhapes into which it is generally ground for

optical ufes 207
Globes, their ufe 247
Gravity
——decreafes as the fquare I?If the diftance increafes 10
Hand-mill 8x
Harveit moon 206
Heavens, their apparent motion 250
Horizon, fenfible and rational 251
Horfe-mill 82

pump 126
Hour-circles . 253
Hydraulic engines I12—134
Hydroftatics , 10I=—=110
Hydroftatic balance 154

paradox 104
— - bellows 107

tables . ; 135—146
Inactivity of matter 2
Inclined plane 59
Infinite divifibility of matter 5
Intermitting {prings = 11y
Kepler’s problem concerning the fquares of the periods

and cubes of the diﬁanccﬁ of the planets 34
Latitude, how found 346
Laws of the planets motions 23
Tead, how it may be made to fwim in water 109
Lewenboek, his account of the number and fize of the

{mall animals in the mik of 2 cod-fith 4
Lenfes, their properties 207
Lever, its ufe 49
Light, the amazing fmallnefs of its particles 201

: refleCted | 202

refrafted 203
Line of direttion iz
Loadftone, its properties i7
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Lmg (Rev. Dr.) his curious experiment with a con-

cave murrour 227
: his glafs (phere 312
Looking-glafs 240
need be only half the lepgth and half the

breadth of a man, to thew him his whole image 241

M

Magnetifm 7
Man, how he may raife himfelf up by his breath 109
of 4 middle fize, how much he is preflcd by the

=i

atmofphere 171

" Matter, its properties I—19
Mechanical powers 49
o Tup all combinid in one engine 70
Metals, expand Lly‘heat 1g
their fpecific gravitics 158
Microfcope, fingle 218
e double ib.
— folar 219
Mills for grinding corn s1—8o
Mirrours, how they refle&t the light 221
Monfoons 174
Moon, the law of her motion 35 24, 25
Moetion (all) naturally rectilineal 20
Multiplying glafs 237
Newfham’s engine for extinguifhing fire 124

Objedls, how their images are formed by means of

glafles 210
why they appear eredl, notwithftanding their
images are inverted in the eye 214
————why they appear coloured when feen throuch
fome telefcopes 232
Opera-glafs 240
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MECHANICS.

The Defeription of a new and fafe Crane, which
kas four different Powers, adapied to different
W eights.

HE common crane confifls only of 3

large wheel and axle; and the rope, by

which goods are drawn up from thips,
or let down from the quay to them, winds or
coils round by the axle, as the axle is turned by
men walking in the wheel, But, as thefe
engines have nothing to ftop the weight from
running down, if any of the men happen 1o trip
or fall in the wheel, the weight defcends, and
turns the wheel rapidly backward, and tofies the
men violently about within ic .

} s which has pro-
duced melancholy inftances, pot only of limbsg

2 broke,




MECHANICS,

broke, but even of lives loft, by this ill-judged
conftruction of cranes. And befides, they have
but one power for all forts of weights; fo that
they generally {pend as.much time in raifing a
fmall weight as 1n raifing a great one.

Thele imperfections and dangers induced me
to think of a method of remedying them. And
for that purpofe, | contrived a crane with a
proper flop to prevent the danger, and with
different powers fuited to different weights; fo
that there might be as little lofs of time as pof-
fible : and alfo, that when heavy goods are let
down into fhips, the defcent may be regular and
deliberate.

This crane has four different powers: and, I
believe, it might be byilt in a room eight feet in
width : the gib being on the outfide of the
room.

Three trundles, with different numbers of
ftaves, are applied to the cogs of a horizontal
wheel with an upright axle ; and the rope, that
draws up the weight, coils round the axle. The
wheel has g6 cogs, the largeft trundle 24 ftaves,
the next largeft has 12, and the {malleft has 6.
So that the largeft trundle makes 4 revolutions
for one revolution of the wheel; the next makes
8, and the fmalleft makes 16. A winch is
occafionally put upon the axis of either of thefe
trundles, for turning it ; the truhdle being then
ufed that gives a power beft fuited to the weight:
and the handle of the winch deferibes a circle in
every revolution equal to twice the circumfe-
rence of the axle of the wheel, So that the

7 length
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Jength of the winch doubles the power gained
by cach trundle.

As the power gained by any machine, or
engine whatever, is in direét proportion as the
velocity of the power is to the velocity of the
weight 5 the powers of this crane are eafily efti-
mated, and they are as follows.

If the winch be put upon the axle of the
largeft trundle, and turned four times round,

- the wheel and axle will be turned once round -

and the circle defcribed by the power that turns
the winch, being, in each revolution, double the
circumference of the axle, when the thicknefs
of the rope is added thereto; the power goes
through eight times as much {pace as the weight
rifes through: and therefore (making fome
allowance for fri&ion) a man will raife eight
times as much weight by the crane a5 he would
by his natural ftrength without it : the power,
in this cafe, being as eight to one,

If the winch be put upon the axis of the next
trundle, the powerwill beas fixteen toone, becaufe
1t moves 16 times as faft as the weight moves,

If the winch be put upon the axis of the

i”n_m]le{’c trundle, and turned round ; the power
will be as 32 to one.

But, if the weight fhould be to
for this power: to raife, the power m b
b . _ ay be
doubied by drawing up the Weight by one of
the parts of a double rope, going under 3 pulle
1n _the moveable block, which 15 ‘hooked to thi
weight below the arm of the gip, . and then the

Ddg power

0 great, evep
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againtt the edge of the whee] U, and thereb
hinder the too quick defcent of the weight;

¥
and

will quite ftop the weight if pulled hard, And
if the man who pulls che lever, fhould happen
inadverrently to let it go; the elaftic bar will

{uddenly pull it up, and the catch will fall down
and ftop the machine,

W IV are two upright rollers above the axis
or upper gudgeon of the gib E : their ufe is to
let the rope C bend upon them, as the gib is
turned to either fide, in order to bring the weight

over the place where it is intended to be let
down.

N. B. The rollers ought to be fo placed, that
if the rope C be firetched clofe by their utmoft
fides, the half thicknefs of the rope may be
perpendicularly over the center of the upper
gudgeon of the gib, For then, and in no other
pofition of the rollers, the length. of the rope
between the pulley in the gib and the axle of
the great wheel will be always the fame, in all
politions of the gib: and the gib will remain in
any pofition to which it is turned.

When either of the trundles is not turned by
the winch in working the crane, it may be drawn
off from the wheel, after the pin near the axis of
the trundle is drawn out, and the thick piece of
wood is raifed a little behind the outward fup-
porter of the axis of the trundle, But this 13
not material : for, as the trundle has no friction
on its axis but what is occafioned by its weight,
it will be turned by the wheel without any fen.
fible refiftance in working the crane,

A Pyros
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MECHANICS.

A Pyrometer, that makes the Expanfion of Métal®
by Heat wifible to the five and Jorty thoufandth
Part of an Inch.

The upper furface of this machine is repres

fented by Fip, 1. of Plate 11, Its frame ABCD
is made of mahogany wood, on which js a circle
divided into 360 equal parts; and within that
circle is another, divided into § equal parts. If
the fhort bar E be puthed one inch forward (or
toward tne center of the circle) the index ¢ will
be turned 125 times round the circle of 360 parts
ordegrees. As 125 times 360 is 45,000, *tis evi-
dent,thatif the bar £ be moved onlythe 45,000dth
part of an inch, the ipdcx will move one degree
of the circle. But as in my pyremeter, the circle
1s g inches in diamerter, the motion of the index
is vifible to half a degr

ee, which anfwers to the
ninety thoufandth part of an inch in the motion

or puthing of the fhort bar E,

One end of a long bar of met
a hollow place in a piece of ir
fixed to the frame of the machine; and the
other end of this bar is laid againft the end of
the thort bar E, over the fupporting crofs bar
HI: and, as the end f of the long bar is placed
clofc'a‘gain& the end of the fhort bar, ’tis plain,
that if £ expands, it wil] pulh E forward, ang
turn the index ¢,

al Fis laid into
on G, which is

. The machine flands on four. thort pillars,
high enough from a table, to let 3 fpiric-lamp

be put on the table under the bar 7, ang when
that is done, the heat of the Hame of the lamp
€xpands the bar, and tyrps the index,

There
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There are bars of different metals, as filver;
brafs, and iron; all of the fame length as the
bar F, for trying experiments on the different
expanfions of different metals, by equal degrees
of heat applied to them for equal lengths of
time; which may be meafured by a pendulum,
that fwings feconds. Thus,

Put oa the brafs bar F, and fet the index to
the g6oth degree: then put the lighted lamp
under the bar, and count the number of feconds
in which the index goes round the plate, from
360 to 360 again; and then blow out the lamp,
and take away 'the bar.

This done, put on an iron bar I where the
brafs one was before, and then fet the index t
the g6oth degree again. Light the lamp, and
put it under the iron bar, and let it remain juft
as many feconds as it did under the brafs one ;
and then blow it out, and you will fee how
many degrees the index has moved in the circle:
and by that means you will know in what pro-

ortion the expanfion of iron is to the expanfion
of brafs; which 1 find to be as 210 is to 360, or
as 7 is to 12.———DBy this method, the relative
expanfions of different metals may be found.

The bars ought to be exaélly of equal fize;
and to have them fo, they fhould be drawn, like
wire, through a hole.

When the lamp is blown out, you will fee the
irdex turn backward; which fhews chat the

metal contraéts as it cools.

The infide of this pyrometer is conftruéted as
follows.

In
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In Fig. 2. Aw is the fhort bar, which moves
between rollers; and, on the fide 2 it has 15
teeth in an inch, which take into the leaves of a
pinion B (12 in numbcr)_on whoﬁ; axis is the
wheel C of 100 teeth, which take into the 1o
leaves of the pinion D, on whofe axis is the
wheel E of 100 teeth, which take into the 10
leaves of -the. pinion F; son the top of whofe axis
1s the index above mentioned.

Now, as the wheels C and E have 100 teeth
each, and the pinions D and £ have ten leaves
each; *tis plain, that if the wheel C turn once
round, the pinion F and the index on its axis
will tarn 100 ‘times round. -But, as the ficft
pinion B has only 12 leaves, and the ‘bar 4.4
that turns it has 1 5-teeth inan inch, which is
12 anda fourth part more.; one inch 'motion of
the 'bar will canfe the laft pinion  to turn an
hundred times round, and a fourth partof an
hundred over and above, which is 25, So that,
if 4 be pufhed one inch, F will be turned 125
times round.

A filk thread #is tied to the axis of ‘the pinion
D, and wound feveral times round it; and the
other end of the thread is tied to a piece of
flender watch-fpring G which is fixed into the
ftud H. So thar, as the bar f expands, and
puthes the bar 44 forward, the thread winds
round the axle, and draws out the fpring ; and
as the bar contradts, the fpring pulls back the
thread, and turns the work the contrary way,
which pufhes back the thort bar 44 againft the
long bar f.  This {pring always keeps the teeth
of ‘the wheels in conta® with :the Jeayes of

the

e 5t 3




MECHANICS.

the pinions, and fo prevents any fhake in the
teeth.

In Fig, 1. the eight divifions of the inner
circle are fo many thoufandth parts of an inch
in the expanfion or contraction of the bars;
which is jult one thoufandth part of an inch for
each divifion moved over by the index.

A Water-Mill, invented by Dr. Barker, that bas
neither Wheel nor Trundle.

This machine is reprefented by Fig. 1. of
Plate II, in which, A4 isa pipe or channel that
brings water to the upright tube B. The water
runs down the tube, and thence into the hori-
zontal trunk C, and runs out through holes at
d ‘and ¢ near the ends of the trunk on the con-
trary fides thereof.

The vpright fpindle D is fixt in the bottom
of the trunk, and fcrewed to it below by the
nut g; and is fixt into the trunk by two crofs
bars at f: fo that, if the tube B and trunk C
b? turned round, the fpindle D will be turned
allo.

The top of the fpindle goes fquare into the
rynd of the upper mill-ftone H, as in common
mills ; and, as the trunk, tube, and {pindle turn
round, the mill-ftone is turned round there-
by. The lower, or quiefcent mill-ftone is re-
prefented by I; and K is the floor on which it
reflts, and wherein is the hole I for latting thei
mea
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MECHANICS.

meal run through, and fall down into a trough
which may be about A4, The hoop or cafe
that goes round the mill-ftone refts on the Acor
K, and fupports the hopper, in the common
way. 1he lower end of the fpindle turns in 5
hole in the bridge-tree G %, which fupports the
mill-ftone, tube, fpindle, and trunk., This
tree is moveable on a pin at &, and its other end
is fupported by an iron rod N fixt into it, the
top of the rod going through the fixt bracket
" O, and having a fcrew-nut o upon it, above the
bracket. By turning this nut forward or back-

ward, the mill-ftone is raifed or lowered at
pleafure.

Whilft the tube B is kept full of water from
the pipe 4, and the water continues to run out
from the ends of the trunk ; the upper mill-
ftone H, together with the trunk, tube, and
fpindle turns round. Bur, if the holes in the
trunk were ftopt, no motion would enfue; even

though the tube and trunk were full of water,
For,

If there were no hole in the trunk, the pref-
fure of the water would be equal againlt all
parts of its fides within. But, when the water
has free egrefs through the holes, its prefure
there is entirely removed: and the preffure

againft the parts of the fides which are oppofite
to the holes, turns the machine.

13
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HYDROSTATICS.

A Machine for demonfivating that, on equal Boi-
toms, the Preffure of Fluids is in Proportion io
their perpendicular Heights, without quy regard
to their Quantities.

HIS is termed Tke Hydroftatical Paradox:

and the machine for thewing it is repre-
fented in Fig, 2. of Plate III. In which 4 is a
box that holds about 2 pound of water, a bcde
a glafs-tube fixt in the top of the box, having a
fmall wire within it ; one end of the wire being
hooked to the end F of the beam of a balance,
and the other end of the wire fixt to a moveable
bottom, on which the water lies, within the
box ; the bottom and wire being of equal
weight with an empty fcale (out of fight in the
figure) hanging at the other end of the balance.
If this {cale be pulled down, the bottom will be
drawn up within the box, and that motion will
caufe the water to rife in the glafs-tube.

Put one pound weight into the fcale, which
will move the bottom a little, and cauvfe the
water to appear juft in the lower end of the
tube at 4; which fhews that the water prefles
with the force of one pound on the bottom: put
another pound into the fcale, and the water will
rife from a to 4 in the tube, juft twice as high
above the bottom as it was when at a3 and then,
as its preflure on the bottom fupports two pound
weight in the fcale, ’is plain that the preflure
on the bottom is then equal to two pounds,
Put a third peund weight in the fcale, and the
3 water
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water will be raifed from & to ¢ in the tube,
fhrce times as high above the bottom as when
it beg;m to appear in the tube at a3 which
fhews, that the fame quantity of water ¢hat
prefied, but with the force of one pound o
the bottom, when raifed no higher than g,
prefles with the force of three pounds on the
bottom when raifed three times as high to ¢ in
the tube. Put a fourth pound weight into the
{cale, and it will caufe the water to rife in the
tube from ¢ to 4, four times as high as it was
when it was all contained in the box, whic‘h
fhews that its preflure then upon the bottom is
four times as great as when it lay all within the
box. Put a fifth pound weight into the fcale,
and the water will rife in the tube from 4 wo e,
five times as high as it was above the bottom
before it rofe in the tube ; which fhews that its
preflure on the bottom is then equal to five

ounds, feeing that it fupports fo much weight
in the fcale,  And fo on, if the tube was fhill
longer ; for it would fill require an additional
pound put into the {cale, to raife the water in
the tube to an additional height equal to the
ipace d e; even if the bore of the tube was {o
{mall as only to let the wire move frecly within
it, and leave room for any water to get round
the wire.

Hence we infer, that if a long narrow pipe
or tube was fixed in the top of a cafk fuyl] of
liquor, and if as much liquor was poured
the tube as would fill it, even though it were
fo {mall as not to hold an ounce weight of |i-
quor ; the preflure arifing from the liquor in
| the tube would be as great upon the bottom,

into

and
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and be in as much danger of burfting it out, as
if the cafk was continued up, -in its full fize, to
the height of the tube, and filled with liquor,

In order to account for this furprifing affair,
we muft confider that fluids prefs equally in all
manner of direttions ; and confequently that
they prefs juft as ftrongly upward as they do
downward. For, if another tube, as f; be put
into a hole made into the top of the box, and
the box be filled with water; and then, if water
be poured in at the top of the tube 2 b ¢ de, it
will rife in the tube £ to the fame height as it does
in the other tube: and if you leave off pouring,
when the water is at ¢, or any other place in the
tube 2 b cde, you will find it juft as high in the
tube f: and if you pour in water to fll the firft
tube, the fecond will be filled alfo.

Now it is evident that the water rifes in the
tube f, from the downward preffure of the wa-
tef in.the tube 2 & ¢ 4 ¢, on the {urface of the
water, contiguous to the infide of the top of the
box; and as ic will ftand at equal heights in
both tubes, the upward preffure in the tube fis
equal to the downward preflure in the othertube.
But, if the tube f were put in any other part of
the top of the box, the rifing of the water in it
would ftill be the fame : or, if the top was full
of holes, and a tube put into each of them, the
water would rife as high in each tube as it was
poured into the tube 2 4 ¢ d ey .and then the
moveable bottom would have the weight of the
water in all the tubes to bear, befides the weight
of all the water in the box.

And
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: And feeing that the water is prefled upward
into each tube, ’tis evident that, if they be all
tacen away, excepting the tube @ 4 ¢ ¢, and
the holes in which they ftood be ftopt up; each
part, thus ftopt, will be prefled as much up-
ward as was equal to the weight of water in each
tube.  So that, the upward prefiure againft the
infide of the top of the box, on every part equal
in breadth to the width of the tube 2 & ¢ d e, will
be prefled upward with a force equal to the
whole weight of water in the tube. And confe-
quently, the whole upward preflfure againft the
top of the box, arifing from the weight or
downward preflure of the water in the tube, will
be equal to the weight of a column of water of
the fame height with that in the tube, and of the
- fame thicknefs as the width of the infide of the
box : and this upward preffure againft the top
wiil re-act downward againft the bottom, and
be as great thereon, as would be equal to the
weight of a column of water as thick as the
moveable bottom is broad, and as high as the
water ftands in the tube. And thus, the para-
dox is folved.

The moveable bottom has no friction againft
the infide of the box, nor can any water get
between it and the box. The method of mak-
ing it fo, is as follows : -

In Fig. 3. 4B C D reprefents a fe@ion of the
box, and 2 ¢ d is the lid or top thereof, which
goes on tight, like the lid of a commop paper
fnuff-box. £ is the moveable bottom, with a
groove around its edge, and it ig put into g
bladder f g, which is ticd clofe around ¢ in the

Ee groove
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groove by a ftrong waxed thread; the bladder
coming up like 2 purfe within the box, and put
over the top of it at 4 and d all round, and
then the lid preffed on. So that, if water be
poured in through the hole 7 / of the lid, it will
lie upon the bottom E, and be contained in the
{pace f E g b within the bladder ; and the bot-
tom may be raifed by pulling the wire 7, which
is fixed to it at E: and by thus pulling the
wire, the water will be lifted up in the tube %,
and as the bottom does not touch ‘againft the
infide of the box, it moves without friction.

Now, fuppofe the diameterof this round bet-
tom to be three inches (in which cafe, the area
thereof will be g circular inches) and the diame-
ter of the bore of the tube tobe a quarter of an
inch; the whole area of the bottom will be 144
times as great as the area of the top of a pin
that would fll the tube like a cork.

And hence it is plain, that if the moveable
bottom be raifed only the 144th part of aninch,
the water will thereby be raifed a whole inch in
the tube; and confequently, that if the bottom
be raifed one inch, it would raife the water to
the top of a tube 144 inches, or 12 feet, in
height.

N, B. The box muft be open below the
moveable bottom, to let in the air. Other-
wile, the preflure of the atmofphere would be
fo great upon the moveable bottom, if it be
three inches in diameter, as to require 108
pounds in the fcale, to balance that prefiuré
before the bottom could begin to move.

A Nachinty
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HYDROSTATICS.

A Mackine, to be fubftituted in Place of the come
mon Hydroftatical Bellows.

In Fig. 1.of PLATE IV. ABCDisan
oblong fquare box, in one end of which is a
round groove, as at 2, from top to bottom, for
receiving the upright glafs tube 7, which is bent

to a right angle at the lower end (as at# in Fig. 2.) |

and to that partis tied the neck of a large blad-
der K, (Fig. 2.) which lies in the bottom of the
box. Over this bladder is laid the moveable
board L (Fig. 1. and 3.} in which is fixc an up-
right wire M ; and leaden weights, IV IV, to
the amount of 16 pounds, with holes in their
middle, which are put upon the wire, over the
board, and prefs upon it with all cheir force.

The crofs bar p is then put on, to fecure the
tube from falling, and keep it in an upright pofi-
tion: And then the piece £ F'G is to be put on,
the part G fliding tight into the dove-taild
groove H, to keep the weights IV V horizontal,
and the wire M upright 3 there being a round
hole ¢ in the part E F for receiving the wire,

THere are four upright pins in the four cor-
ners of the box within, each almoft an inch long,
for the board L to reft upon; to keep it from
preffing the fides of the bladder below it clofe
together at firft,

The whole machine being thus put together,
pour water into the tube at top; and the
water will run down the rube into the bladder
below the beard; and after the bladder has been

Eez filled
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filled up to the board, continue pouring water
into the tube, and the upward preflure which it
will excite in the bladder, will raife the board
with all the weight upon it, even though the
bore of the tube fthould be fo fmall, that lefs
than an ounce of water would fll it,

This machine alls upon the fame principle,
as the one laft defcribed, concerning the Hydro-
Jatical paradex. For, the upward preflure
againft every part of the board (which the
bladder touches) equal in area to the area of the
bore of the tube, will be prefled upward with a
force equal to the weight of the water in the
tube; and the fum of all thefe preflures, againft
fo many areas of the board, will be fufficient to
raife it with all the weights upon it

In my opinion, nothing can exceed this fim-
ple machine, in making the upward prefiure of
fluids evident to fight.

The Caufe of reciprocating Springs, and of ebbing
and flowing Wells, explained.

In Fig. 1. of Peate V. Letab cd be a hill,
within which is a large cavern 4 4 near the
top, filled or fed by rains and melted fnow on
the top @, making their way through chinks
and crannies into the faid cavern, from which
proceeds a fmall fiream C C within the body of
the hill, and iffues out in a fpring at G on the
fide of the hill, which will run conftantly whilit
the cavern is fed with water.

From the fame cavern A A, let there be a

{mall channel D, to carry water into the cavern
B
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HYDROSTATICS.

B3 and from that cavern let there be a bended
channel E e F, larger than D, joining with the
former channel CC, as at f before it comes to the
fide of the hill: and let the joining at f be
below the level of the bottom of both thefe
caverns.

As the water rifes in the cavern B, it will rife
as high in the channel E¢ F: and when it rifes
to the top of that channel at ¢, it will run down
the part ¢ F' G, and make a fwell in the fpring
G, which will continue ¢ill all the water is drawn
off from the cavern B, by the natural {yphon
E ¢ F, (which catries off the water fafter from B,
than the channel D brings water to it) and then
the fwell will ftop, and only the fmall channel
C C will carry water to the fpring G, till the
cavern B is filled to B again by the rill D and
then the water being at the top e of the channel
E ¢ F, that channel will act again as a fyphon,
and carry off all the water from B to the {pring
G, and fo make a fwelling flow of water at G as
before.

To illultrate this by a machine (Fig. 2.) let 4
be a large wooden box, filled with water; and
let a fmall pipe C C (the upper end of which is
fixed into the bortom of the box) carry water
from the box to G, where it will run off con-
ftantly, like a fmail fpring. Let another {mall
pipe D carry water from the fame box to the
box or well B, from which let a fyphon EeF
proceed, and join with the pipe CC at f: the
bore of the {yphon being larger than the bore of
the feeding-pipe D. As the water from this
pipe rifes in the well B, it will alfo rife as high
in the fyphon Z e F 3 and when the fyphon is

Ee 3 full
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HYDRAULICS.
full to the top ¢, the water will' run: over the
bend ¢, down the part ¢ F; and go' off av the
mouth Gy which will make a great fiream ag
G: and that ftream 'will continue) ¢ill the fyphon
has carried off all' the water from the well By
the fyphon carrying off the water fafter from B

.than the pipe D brings water to it : and then
the fwell at G will ceafe, and only the water
from the fmall pipe € C will run'off at G, till
the pipe D fills the well B again; and then
the fyphon will run, and make. a fwell at G as
before. ;

And thus, we have an artificial reprefentation
of 'an ebbing and fowing well, and of a reci:

procating fpring, in a very natural and fimple
manner.

HYDRAULICS,

An Account of the Principles by which Mr. Blakey
propofes to raife Water from Mines, o [roim
Rivvers, to fupply Towns and Gentlemen's 4 Seats,
by bis wew invented Fire-Engine, for which be
bas received His MA JESTY’s Pasoir.

LTHOUGH I am not at liberty to de-
feribe the whole of this fimple engine, yeg
I'have the patentee’s leave to defcribe fuch a
one as will (hew the principles by which it ads,

In Fig. 4. of Prare IV. let 4 be a large,
ftrong, clofe veflel; immerfed in water up to
the cock 4, and having a hole in the bottom,
with a valve 4 upon it, opening upward within
the veflel. - A pipe B C rifes from the battom
T . g 3 of
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of this veffel, and has a cock ¢ in it near the
top, which 1s fmall there, for playing a very
high jet 4. E is the little boiler (not fo big as
a common tea-kettle) which 1s connefted with
the veffel 4 by the fteam pipe F3 and G is a
funnel, through which a little water muft’ be
occafionally poured into the boiler, to yield a
proper quantity of fteam, And a {mall quantity
of water will do for that purpoft, becaufe fteam
pofleflech upwards of 14,000 times as much
fpace or bulk as the water does from which it
proceeds.

The vefiel 4 being immerfed in water up to
the cock 2, open that cock, and the water will
rufh in, through the bottom of the veffel at 4,
and fll it as high up as the water {tands on' its
outfide ; and the water, coming into the veflel,
will drive the air out of it (as high as the water
rifes within it) through the cock 4. When the
water has done rufhing into the vefltl, fhut the
cock 2, and the valve ¢ will fall down, and hin-
der the water from being pufhed out that way,
‘by any force that preffeth on its furface. All
the part of the veffel above &, will be full of
comeion air, when the water rifes to &

Shut the cock ¢, and open the cocks dand ¢;
then pour 4s much water into the boiler E
(through the funnel G) as will about half fll
the boiler; and then fhut the cock 7, and leave
the cock eopen.

This done, make a fire under the boiler E,
and the heat thereof will raife a fleam from the
water in the boiler; and the fteam will make
its way thence, through the pipe F, into. the

Ee 4 veilel
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veflel 4; and the fteam will comprefs the air
(above 2) with a very great force upon the fur-
face of the water in 4.

‘When the top of the veflel # feels very hot
by the fteam under it, open the cock ¢ in the
pipe C; and the air being firongly comprefied
in A, between the fteam and the water therein,
will drive all the water out of the veflel 4, up
the pipe B C, from which it will fly up in a jet
to a very great height. In my fountain,
which is made in this manner after My, Blakey’s,
three tea-cup-fulls of water in the boiler will
afford fteam enough to play a jet 30 feet high,

When all the water is out of the veffel 4, and
the comprefled air begins to follow the jet,
open the cocks % and 4 to let the fteam out of
‘the boiler £ and veflel 4, and fhut the cock e
to prevent any more fteam from getting into 43
and the air will ruth into the veflel 4 through
the cock 4, and the water through the valve #;
and {o the veffel will be filled up with water to
the cock & as before. Then fhut the cock &
and the cocks ¢ and 4, and open the cock ¢;
and then, the next fteam that rifes in the boiler
will make its way into the veffel 4 again; and
the operation will go on, as above,

When all the water in the boiler E is evapo-
rated, and gone off into fteam, pour a little
more into the boiler, through the funnel G.

In order to make this engine raife water to
any gentleman’s houfe ; if the houfe be on the
bank of a river, the pipe B C may be continued

up




HYDRAULICS.

up to the intended height, in the dire&ion H I.
Or, if the houfe be on the fide or top of a hill,
at a diftance from the river, the pipe, through
which the water is forced up, may be laid along
on the hill, from the river or {pring to the houfe,

The boiler may be fed by a fmall pipe K,
from the water that rifes in the main pipe
B C H I; the pipe K being of a very {mall bore,
fo as to fill the funnel G with water in the time
that the boiler E will require a frefh fupply.
And then, by turning the cock 4, the water wiil
fall from the funnel into the boiler. The fun-
nel thould hold as much water as will about half
fill the boiler,

‘When either of thefe methods of raifing water,
perpendicularly or obliquely, is ufed, there will
be no occafion for having the cock ¢ in the
main pipe BCH I: for fuch a cock 1s requifite
only, when the engine is ufed as a fountain,

. A contrivance may be very eafily made, from
a lever to the cocks 4, 4, and ¢; fo that, by pul-
ling the lever, the cocks & and d may be opened
when the cock ¢ muft be thut 5 and the cock ¢
be opened when 4 and 4 muft be fhut.

The boiler E (hould be inclofed in a brick wall,
at a lictle diftance from it, all around; to give li-
berty for the flames of the fire under the boiler to
afcend round about it. By which means, (the
wall not covering the funnel &) the force of the
fteam will be prodigioully increafed by the heat
round the boiler ; and the funnel and water in
it will be heated from the boiler; fo that, the

boiler
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boiler will not. be chilled by letting cold water
into it ;3 and. the. rifing of the ficam will be fo
much the quicker,

Mr. Blakey is the only perfon who ever thought
of making ufe of air as an intermediate body
between ficam and water: by which means, the
fteam is always kept from touching the water,
and confequently from being condenfed by it
And, on this new principle, he has obtained 2
patent : {o that no one (vary the engine how he
will) can make ufe of air between fteam and
water, without infringing on the patent, and
being fubject to the penalties of the law.

This engine may be built for a trifling ex-
pence, in comparifon of the common fire engine
now in ule: 1t will feldom need repairs, and
will not confume half fo much fuel, And as it
has no pumps with piftons, it is clear of all their
friction : and the effect is equal to the whole
ftrength or compreflive force of the fteam :
which the effet of the common fire engine never
is, on account of the grear fri¢tion of the piftons
in their pumps.

ARCHIMEDES’s Sercuw-Engine for vaifing
Water.

InFig. 1. of PLATE VL. 4BCD isa
wheel, which is turned round, according to the
order of the letters, by the fall of water £ F,
which need not be more than three feer, The
axle G of the wheel is elevated fo, as to make
an angle of about 44 degrees with the horizon ;
and on the top of that axle is a wheel &, which
turns fuch another wheel 7 of the fame number
of
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HYDRAULICS.

of teeth's the axle: K of this laft wheel being
parallel to:theaxle G of the twoformer wheels.

The axle G is cut into a double-threaded
ferew (asiin Fig: 2.) exaclly 1cfcmbhng the forew
on the axis of the fly of a commeon jack, which
muft be (what is called) a right-handed ferew,
like the wood«{crews, if the firft wheel turns in
the direftion #BC D3 but muft be a left-handed
fcrew, if the ftream turns the wheel the contrary
way.  And, which-ever way the fcrew on the
axle G be cut, the fcrew on the axle K muft be
cut the contrary way 3 becaufe thefe axles turn
in contrary directions.

The fcrews being thus cut, they muft be
covered clofe over with boa.rds, like thofe of a
cylindrical cafk ; and then they will be {piral
tubes, Or, they may be made of tubes of ftiff
leather, and wrapt round the axles in fhallow
grooves cut therein ; as in Fig. 3.

~ The lower end of the axle G turns conftantly
in the ftream that turns the wheel, and the lower
ends of the fpiral tubes are open into the water.
So that, as the wheel and axle are turned round,
the water rifes in the {piral tubes, and runs out
at L, through the holes M, N, as they come
about below the axle. Thefe holes (of which
there may be any number, as four or fix) are in
a broad clofe ring on the top of the axle, into
which ring, the water is delivered from the
upper open ends of the ferew=tubes, and falls
into the open box N.

The lower end of the axle K turns of a

gudgeon, in the water in N; and the fpiral
‘ tubes

27



HYDRAULICS.

tubes in that axle take up the water from N,
and deliver it into fuch another box under the
top of K; on which there may be fuch another
wheel as 7, to turn a third axle by fuch a wheel
upon it.——And in this manner, water may be
raifed to any given height, when there is &
ftream fufficient for that purpofe to aé on the
broad float boards of the firft wheel.

A quadruple Pump-Mill for raifing Waler.

This engine is reprefented in PL ATE VI
In which #BCD is a wheel, turned by water
according to the order of the letters, On the
horizontal axis are four fmall wheels, toothed
almoft half round : and the parts of their edges
on which there are no teeth are cut down fo, as
to be even with the bottoms of the teeth where
they ftand,

The teeth of thefe four wheels take alternately
into the teeth of four racks, which hang by two
chains over the pullies 2 and L; and to the
lower ends of thefe racks there are four iron
rods fixed, which go down into the four forcing
pumps, §, R, M and N. And, as the wheels
turn, the racks and pump-rods are alternately
moved vp and down.

Thus, fuppofe the wheel G has pulled down
the rack 7, and drawn up the rack X by the
chain: as the laft tooth of G Juft leaves the
uppermoft tooth of 7, the firft tooth of H is
ready to take into the lowermoft tooth of the
rack K and pull it down as far as the teeth g0 3

and
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HYDRAULICS.

and then the rack 7 is pulled upward through
the whole fpace of its teeth, and the wheel G is
ready to take hold of it, and pull it down again,
and fo draw up the other. In the fame
manner, the wheels £ and F work the racks O

and P.

Thefe four wheels are fixed on the axle of the
great wheel in fuch a manner, with refpedt to
the pofitions of their teeth ; that, whilft they
continue turning round, there is never one
inftant of time in which one or other of the
pump-rods is not going down, and forcing the
water. So that, in this engine, there is na
occalion for having a general air-vefiel to all the
pumps, to procure a conftant ftrearn of water
Howing from the upper end of the main pipe,

The piftons of thefe pumps are folid plungers,
the fame as defcribed in the fifth Lecture of my
book, to which this is a Supplement. See
PLATE X1 Fig. 4. of that bock, with the
defeription of the figure.

From each of thefe pumps, near the lowelt
end, in the water, there goes off a pipe; witha
valve on its fartheft end from the pump; and
thefe ends of the pipes all enter one clofe box,
into which they deliver the water: and into this
box, the lower end of the main conduét pipe is
fixed. So that, as the water is forced or puthed
into this box, it is alfo pufhed up the main pipe
to the height that it is intended to be raifed.

There is an engine of this fort, defcribed in

Ramell’s work : but I can truly fay, thac I
2 never
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never (aw it till fome time after I had made this
model.

The faid model is not above twice as big as
the figure of it, here defcribed. I turn it by a
winch fixed on the gudgeon of the axle behind
the water wheel; and, when it was newly made,
and the piftons and valves in good order, I put
tin pipes 15 feet high upon it, when they were
joined together, to{ee what it could do. And
I found, that in turning it moderately by the
winch, it would raife a hogthead of water in.an
hour, to the height of 15 feet.

DIALLING

The univerfal Dialling Cylinder.

N Fig. 1. of PLATE VIII. A4BCD re.
I prefents a cylindrical glais tube, clofed at
‘both ends with brafs plates, and having a wire or
axis E F.G fixt in the centers of the brafs plates
at top and bottom. This tube is fixed to a ho-
rizontal board H, and its axis makes an angle
with the board equal to.the angle of the earth’s
axis with the horizon of any given place, for
which the eylinder is to ferve as adial.  And it
muft be fer with its axis parallel to the axis of
the world in that place; the end E pointing to
the elevated pole. Or, it may be made to move
upon a joint; and,then it may be elevated for
any particular latitude.

There are 24 firaight lines, drawn with a dia-
mond, on the outfice of the glafs, equidiftant
from each other, and all of them parallel to the
axis., Thefe are the hour-lines; and the hours
are
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DIALLING.

are'fet to them as in the figure : the XII next B
ftands for midnight, and the oppofite XII, next
the board 77, ftands for mid-day or noon,

The axis being elevated-to the latitude of the
place, and the foot-board fet truly level, with the
black line along its middle in the plane of the
meridian, and the end N toward the north ; the
axis £ FG will ferve as a ftile or gnomon, and
caft a fhadow on the hour of the day, among the
_parallel hour lines when the fun fhines on the
‘machine. For, as the fun’s apparent diurnal
miotion is equable in the heavens, the thadow of
the axis will move equably in the tube; and will
always fall upon #kat hour-line which is oppofite
to the fun, at any given time,

The brafs plate 4 D, at the top, is parallel to
the equator, and the axis EFG is perpendicular
to it, If right lines be drawn from the center of
this plate, to the upper ends of the equidiftant
parallel lines on the outfide of the tube; thefe
right lines will be the hour-lines on the equi-
noctial dial 4D, at 15 degrees diftance from
each other : and the hour-letters may be fet to
them as in the figure. Then, as the thadow of
the axis within the tube comes on the hour-lines
of the tube, it will cover the like hour-lines on
the ‘equino&ial plate 4 D.

. If a thin horizontal plate ¢ £ be put within the
tube, fo as its edge may touch the tube all
around; and right lines be drawn from the center
of that plate to thofe points of its edge which are
cut by’ the parallel hour-lines on the tube ; thefe
right lines will be the hour-lines of 2 horizontal
dial, ‘for the latitude to which the tube is ele-

6 vated.
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vated. For, as the fhadow of the axis comes
fucceflively to the hour-lines of the tube, and
covers them, it will then cover the like hour-
lines on the horizontal plate ¢ f, to which the
hours may be fet y as in the figure.

If a thin vertical plate g C, be put within the
tube, fo as to front the meridian or 12 ¢’clock
line thereof, and the edge of this plate rouch
the tube all around ; and then, if right lines be
drawn from the center of the plate to thofe points
of its edge which are cut by the parallel hour-
lines on the tube; thefe right lines will be the
hour-lines of avertical fouth-dial: and the thadow
of the axis will cover themat the fame times when
it covers thofe of the tube.

If a thin plate be put within the tube fo, as to
decline, or incline, or recline, by any given num-
ber of degrees; and right lines be drawn from
its center to thehour-linesof the tube; thefe right
lines wiil be the hour-lines of 2 declining, inclin-
ing, or reclining dial, aniwering to the like
number of degrees, for the latitude to which the
tube is elevated.

And thus, by this fimple machine, all the
principles of dialling are made very plain, and
evident to the fight. And the axis of the tube
(which is parallel to the axis of the world in
every latitude to which it is elevated) is the ftile
or gnomon for all the different kinds of fun-dials.

And laftly, if the axis of the tube be drawn
out, with the plates 4D, ¢ f, and g C vpon it
and fet it up in fun-fhine, in the fame pofition as
they were in the tube ; you will have an equi-

nottial
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noctial dial 4 D, a horizontal dial ¢ f, and a ver-
tical fouth dial g C 5 on all which, the rime of
the day will be fhewn by the fhadow of the axis
or gnomon £ F G.

Let us now fuppofe that, inflead of a glafs
tube, 4 B C D is a cylinder of wood ; on which
the 24 parallel hour-lines are drawn all arcund,
at equal diftances from each other ; and thar,
from the points at top, where thefe lines end,
right lines are drawn toward the center, on the
flat furface 4 D : Thefe right lines will be the
hour-lines on an equinoétial dial, for the latitude
of the place to which the cylinder is elevated
above the horizontal foot or pedeftal 77; and
they are equidiftant from each other; as in Fig. 2.
which is a full view of the flat furface or top
A D of the cylinder, feen obliquely in Fig. 1.
And the axis of the cylinder (which is a ftraight
wire £ F G all down its middle) is the ftile or
gnomon ; which is perpendicular to the plane
of the equinoctial dial, as the earth’s axis is per=
pendicular ro the plane of the equaror,

To make a horizontal dial, by the cylinder,
for any latitude to which its axis is elevated ;
draw out the axis and cut the cylinder quite
through, as at e & f g, parallel to the horizontal
board #/, and take off the top parte 4 D f e; and
the fetion ¢ b f g ¢ will be of an elliptical form,
as in Fig. 3. Then, from the points of this
feGion (on the remaining part ¢ B C f) where
the parallel lines on the outfide of the cylinder
meet it, draw right lines to the center of the
feétion ; and they will be the true hour-lines for
a horizontal dial, as @ & ¢ d a in Fig. 3. which may
be included in a circle drawn on that fetion,

Fr Then
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Then put the wire into its place again, and it
will be a ftile for cafting a fhadow on the time
of the day, on that dial. So, E (Fig. 3.) is the
ftile of the horizontal dial, parallel to the axis
of the cylinder,

To make a vertical fouth dial by the cylin-
der, draw out the axis, and cut the cylinder
perpendicularly to the horizontal board H, as at
g4 Ck g, beginning at the hour line (B ge 4) of
XII. and making the fe@tion at right angles tor
the line § F/ N on the horizontal board. Then,
take off the upper part g 4 D C, and the face of
she fection thereon will be elliptical, as thewn in
Fig. 4. From the points in theedge of this fec-
tion, where the parallel hour-lines on the round:
furface of the cylinder meet it, draw right lines
ro-the center of the feftion ; and they will be
the true hour-lines on a vertical diret fouth dial,
for the latitude to- which the cylinder was ele-
vated : and will appear as in Fig. 4. on which
the vertical dial may be made of a circular fhape,
or of a fquare thape as reprefented in the figure.
And F will be its ftile parallel to the axis of the
eylinder.

And thus, by eutting the cylinder any way,
fo as its fetion may either incline, or decline, or
recline, by any giveninumber of degrees ; and
from thole points in the edge of the fection
where the outfide parallel hour-lines meet it,
draw right lines to.the center of the fection; and
they will be the true hour.lines, for the like de-
elining, reclining, or inclining dial: And the
axis of the eylinder will always be the gnomon
or ftile of the dial. For, which-ever way the
plane of the dial lies, its ftile (or the edge thcg.;of

at
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DIALLING

that cafts the fhadow on the hours of the day)
muft be parallel to the earth’s axis, and point
toward the elevated pole of thie heavens,

o delincate a Sun-Dial on Paper 5 which; whes
pafeed round a Cylinder of Wood, fball fhew the

Time of the Day, the Sun’s Place in the Echpticy

and bis Altitude, at any Time of Obfervation.
See PLATE IX. )

Draw the right line 2 4 B, parallel to the top
of the paper ; and, with any convenient opening
of the compafes, fet one foot in the end of the
line at a5 as a center, and with the other foot de-
fcribe the quadrantal arc A £, and divide it into
90 equal parts of degrees. Draw the right line
A C, at right angles to 2 4 B, and touching the
quadrant 4 £ at the point 4. Then, from the
center ¢, draw right lines through as many de-
grees of the quadrant, as are equal ro the fun’s
altitude at noon, on the longeft day of the year,
at the place for which the dial is to ferve;
which altitude, at London, is 62 degrees: and
continue thefe right lines till they meet the tan-
gent line ZC; and, from thefe points of meet-
ing, draw ftraight lines acrofs the paper, paral-
lel to the firft right line 4 B, and they will be
the parallels of the fun’s aliitude, in whole de-
grees, from fun-rife till fun-fer, on all the days
of the year. Thefe parallels of altitude muft
be drawn out to the right line B D, which muft
be parallel to 4 C, and as far from it as is equal
to the intended circumference of the cylinder on
which the paper is to be pafted; when the dial is
drawn upon It

Divide the fpace between the right lines 4C
and B D (at top and bottom) into twelve equal
2 parts
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parts, for the twelve figns of the ecliptic ; and,
from mark to mark of thefe divilions at top
and bottom, draw right lines parallel to 4 C and
B D ; and place the charaéters of the 12 figns in
thefe twelve {paces, at the bottom, asinthefigure:
beginning with % or Capricorn, and ending
with 3 or Pifces. The fpaces including the
figns fhould be divided by parallel lines into
halves; and if the breadth will admit of it
without confufion, into quarters alfo.

At the top of the dial, make a fcale of the
months and days of the year, fo as the days may
ftand over the fun’s place for each of them in
the figns of the ecliptic. The fun’s place, for
every day of the year, may be found by any
common ephemeris: and here it will be beft to
make ufe of an ephemeries for the fecond year
after leap year ; as the neareft mean for the fun’s
place on the days of the leap-year, and on thofe
of the firft, fecond, and third year after.

Compute the fun’s altitude for every hour (in
the latitude of your place) when he is in the
beginning, middle, and end of each fign of the
ecliptic; his alticude at the end of each fign
being the fame as at the beginning of the next.
And, in the upright parallel lines, at the begin-
ning and middle of each fign, make marks for
thefe computed altitudes among the norizontal
parallels of altitude, reckoning thenr downward,
according to the order of the numeral figures fet
to them at the right hand, anfwering to the like
diviions of the quadrant at the left. And,
through thefe marks, draw the curve hour-lines,
and fet the hours to them, as in the figure,
reckoning the forenocn hours downward, and
the
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DIALLING.

the afternoon hours upward.——The fun’s alti-
tude fhould alfo be computed for the half hours ;
and the quarter lines may be drawn, very nearly
in their proper places, by eftimation and accy-
racy of the eye. Then, cut off the paper at the
left hand, on which the quadrant was drawn,
clofe by the right line 4 C, and all the paper at
the right hand clofe by the right line 8 D3 and
cut it alfo clofe by the top and bottom horizon-
tal lines ; and it will be ft for pafting round the

cylinder.

This cylinder is reprefented in miniature by
Fig, 1. PLATE X. It fhould be hollow, to
hold the ftile D £ when it is not ufed. The
crooked end of the ftile is put into a hole in the
top A D of the cylinder; and the top goes on
tightifh, but muft be made to turn round on the
cylinder, like the lid of a paper {huff-box. The
ftile muft ftand ftraight out, perpendicular to the
fide of the cylinder, jufl over the right line 4 B
in PLATE IX, where the parallels of the fun’s
altitude bzgin : and the length of the ftile, or
diftance of its peint e from the cylinder, muft be
equal to the radius 2 . of the quadrant 4 Z in

PLATE IX.
The method of ufing this dial is as follows.

Flace the horizontal foot B € of the cylinder
on a level table where the {un fhines, and turn the
top 4 D ull the ftile ftands juft over the day of
the then prefent month. Then turn the cylin-
der about on the table, till the fhadow of the
ftile falls upon it, parallel to thefe upright lines
which divide the figns ; that is, «ll the thadow
be parallel to a fuppofed axis in the middle of
the cylinder: and then, the point, or loweft end

Ffg of
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of the fhadow, will fall upon the time of the
day, as it is before or after noon, among the
curve hour-lines; and will fhew the fun’s alti-
tude at that time, amongft the crofs parallels of his
altitude, which go round the cylinder : and, at
the fame time, it will fhew in what fign of the
ecliptic the fun then is, and you may very nearly
guefs at the degree of the fign, by eftimation of
the eye.

The ninth plate, on which this dial is drawn,
may be cut out of the book, and pafted round a
cylinder whofe length is 6 inches and 6 tenths
of an inch below the moveable top; and its
diameter 2 inches and 2.4 hundred parts of an
inch Or, I fuppofe the copper-plate prints
of it may be had at Mr. Cadell’s, bookfeller in
the Strand, London. But it will only do for
L.ondon, and other places of the fame latitude.

When 2 Izvel table cannot be had, the dial may
be hung by the ring Fatthe top. And when it
is not ufed, the wire that ferves for a ftile may
be drawn our, and put up within the cylinder;
and the machine carried in the pocket.

To make three Sun-dials upon three different Planes,
Jo as they may all fhew the Time of the Day by
one Guomon.

On the flat board 4 B C, defcribe a horizontal
gial, according to any of the rules laid down in
the Leure on Dialling 3 and to it fix its gnomon
FG H, the edge of the thadow from the fide
F' G being that which fhews the time of the day.

To this horizontal or flat board, join the
upright board £ D C, touching the edge G H of
the gnomon. Then, making the top of the

; gnomon
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DIALLING,

gnomon at G the center of the vertical fouth
dial, defcribe a fouth dial on the board E D C.

Laftly, on a circular plate 7 K defcribe an
equinoctial dial, all the hours of which dial are
equidiftant from each other ; and making a flit
¢ d in that dial, from its edge to its center, in the
X1I o'clock line; put the faid dial perpendicu-
larly on the gnomon F G, as far as the flit will
admit of ; and the triple dial will be finithed ; the
{ame gnomon ferving all the three, and fhewing
the fame time of the day on each of them.

An univerfal Dial on a plain Crofse

This dial is reprefeated by Fig. 1 of PLATE
X1, and is moveable on a joint C, for elevating
it to any given latitude, on the quadrant C o go,
as it {tands upon the horizontal board 4. The
arms of the crofs ftand at right angles to the
middle part ; and the top of it from « to #, is
of equal length with either of the arms # e or m £.

Having fet the middle line # # to the latitude
of your place, on the quadrant, the board #
level, and the point N northward by the needle s
the plane of the crofs will be parallel to the
plane of the equator ; and the machine will be
rectified.

Then, from 1II o’clock in the morning,
VI, the upper edge k / of the arm 7 0 will caft a
fhadow on the time of the day on the fide of the
arm ¢m: from VI till IX the lower edge 7 of
the arm 7 ¢ will calt a thadew on the hours on
the fidegg. From IX in the morning to XII at
noon, the edge 2 & of the top part 2 7 will caft a
{hadow on the hours on the arm #z ¢ f : from XII
to 111 in the afternoon, the edge ¢ 4 of the top

Ffag part
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part will caft a thadow on the hours on the
arm % / m: from 11l to VI in the evening,. the
edpe g b will caft a fhadow on the hours on
the part p 53 and from V1 till IX, the fhadow
of the edge ¢ f will fhew the time on the top
part a .

The breadth of each part, « 4, ¢ f, &c. muft
be fo great as never to let the fhadow fall quite
without the part or arm on which the hcurs are
marked, when the fun is at his greatelt dedling-
tion from the equator.

To determine the breadth of the fides of the
atms which contain the hours, fo asto bein juft
proportion to their length; make an angle
A BC (Fig. 2.) of 23% degrees, whichis equal
to the fun’s greatelt declination: and fuppofe
the length of each arm, from the fide of the long
middle part, and alfo the length of the top-part
atove the arms, to be equal to B d.

Then, as the edges of the {badow from each of
the arms, will be parallelio B ¢; making an angle
of 23 degrees with the fide B d of the arm when
the {un’s declination is 23+ degrees; ’ts plain,
that if the length of the arm be B d, the lealt
breadth that it can have, to keep the edge B ¢ of
the fhadow B ¢ g d from going off the fide of the
arm d ¢ before it comes to the end ¢ d thereof,
muft be equal to ed or dB. But in order to
keep the fhadow within the quarter divifions of
the hours, when it comes near the end of the
arm, the breadth thereof (hould be ftill greater,
{o as to be almoft doubled, on account of the
diftance between the tips of the arms.

Ta
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To place the hours right on the arms, take the
following method.

Lay down thecrofs 2 cdd (Fig. 3.) on a theet
of paper; and with a black lead pencil, held
clofe to it, draw its fhape and fize on the paper,
Then taking the length a¢ in your compafies,
and fetting one foot in the corner 2, with the
other fopt defcribe the quadrantal arc e £, ;
Divide this arc into {ix equal parts, and throngh
the divifion marks draw night lines a g, a b, &c.
continuing three of them to the arm ce, which
are all that can fall upon it; and they will meet
the arm in thele points through which the lines
that divide the hours from each other (as in
Fig. 1,) are to be drawn right acrofs it

Divide each arm, for the three hours it con-
tains, in the fame manner 3 and fet the hours to
their proper places (on the fides of the arms) as
they are marked in Fig. 3. Each of the hour
fpaces fhould be divided into four equal parts,
for the half hours and quarters, in the quadrant
e f and right lines fhould be drawn through
thefe divifion marks in the quadrant, to the
arms of the crofs in order to determine the
places thereon where the fub.divifions of the
hours muft be marked, '

This is a very fimple kind of univerfal dial
it is very eafily made, and will have a pretty un-
common appearance in a garden. I have feen
a dial of this forg, but never faw one of the kind
that follows.

A
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DIALLING.

An univerfal Dial, [hewing the Hours of the Day by

4 terrefivial Globe, and by the Shadows of feveral
Gromons, at the fame Time : together with all
the Places of the Earth which are then enlightened
by the Sun; and thofe to which the Sun is then
rifing, or on the Meridian, or Seiting.

This dial (Se¢e PLATE X11.) is made of a
thick fquare piece of wood, or hollow metal.
The fides are cut into femicircular hollows, in
which the hours are placed; the flile of each
hollow coming out from the bottom thereof,
4s far as the ends of the hollows proje&. The
corners are cut out into angles, in the Infides of
which, the hours are alfo marked ; and the edge
of the end of each fide of the angle ferves as 2
{tile for cafting a fhadow on the hours marked

on the other fide.

In the middle of the uppermoft fide or plane,
there is an equinoétial dial 5 in the center where-
of, an upright wire is fixt, for cafting a {hadow
on the hours of that dial, and fupporting a fmall
terreftrial globe on its top.

The whole dial ftands on 2 pillar, in the
middle of a round horizontal board, in which
there is a compafs and magnetic needle, for

lacing the meridian ftile toward the fouth. The
pillar has a joint with a quadrant upon it, divided
into go degrees (fuppofed to be hid from fight
under the dial in the fgure) for fetting it to the
Jatitude of any given place; the fame way as
already defcribed in the dial on the crofs.

The equator of the globe is divided into 24

equal parts, and the hours are laid down upon it
at
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DIALLING

at thefe parts. The time of the day may be
known by thefe hours, when the fun fhines upon
the globe.

To rectify and uvfe this dial, fet it on a leve]
table, or fole of a window, where the fun fhines,
placing the meridian ftile due fouth, by means
of the needle ; which will be, when the needle
points as far from the north fleur-de-lis toward
the weft, as it declines weftward, at your place,
Then bend the pillar in the joint, till the black
line on the pillar comes to the latitude of your
Place in the quadrant.

The machine being thus re&ified, the plancof
its dial-part will be parallel to the equator, the
wire or axis that fupports the globe will be pa-
rallel to the earth’s axis, and the north pole of
the globe will point toward the north pole of
the heavens.

The fame hour will then be fhewn in feveral
of the hollows, by the ends of the fhadows of
their refpetive ftiles: The axis of the globe
will caft a hadow on the fame hour of the day,
in the equinoctial dial, in the center of which it
15 placed, from the 20th of March to the 23d of
September; and, if the meridian of your place
on de globe be fet even with the meridian file,
all the purts of the globe that the fun fhines
upon, will anfwer to thofe places of the real
earth which are then enlightened by the fun.
The places where the Thade is juft coming upon
the slobe, anfwer to all thofe places of the earth
to which the fun is then fetting 5 as the places
where it is going off, and the light coming on,
anfwer to all the places of the earth where the fun
s then rifing.  And laftly, if the hour of VI

be
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DIALLING

be marked on the equator in the meridian of
your place (as it is marked on the meridian of
London in the figure) the divifion of the light
and fhade on the globe will fhew the time ot the
day.

The northern ftile of the dial {oppofite to the
fouthern or meridian one) is hid from fight in
the figure, by the axis of the globe. The Lours
in the hollow to which thar itile belongs, are
alfo fuppofed to be hid by the obli of
the figure: but they are the fame as Luc ours
in the front-hollow. Thofe alfo in the right
and left hand femicircular hollows are moftly
hid from fizht ; and fo alfo are all thof= on the

o
fides next the eye of the four acute angles.

The conftru&ion of this dial is as follows,
See PLATE XIII.

On a thick {quare piece of wood, or metal,
draw the lines @ ¢ and & 4, as far from each other
as you intend for the thicknefs of the ftile a4 cd
and in the fame manner, draw the like thick-
nefls of the other three ftiles, ¢ f g &, i £ / m, and
n0p g, all ftanding outright as from the cen-
ter,

With any convenient opening cof the com-
pafles, as @ A (fo as to leave proper ftrength
of ftuff when K 7 is equal to 2 4) fet one foot
in a, as a center, and with the other foot de-
fcribe the quadrantal arc 4 ¢. Then without
altering the compafies, fet'one foot in & as a
center, and with the other foot defcribe the qua-
drant 4 B. All the other quadrantsin the figure
muft be delcribed in the fame manner, and with
the
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DIra kL ETFNG

the fame opening of the compafles, on their
centers e, f5 7, &5 and #, 0: and each quadtanc
divided into 6 equal parts, for fo many hours,
as in the figure; each of which parts muft be
fub-divided into 4, for the half hours and quar-

ters,

At equal diftances from each corner, draw the
rightlines 7' p, and K p, L ¢, and Mg, N, and
Or, Ps, and @ 5; rto form the four angular
hollows /p K, Lq M, N7 O, and Ps @ ; mak-
ing the diftances between the tips of thefe hol-
lows, as 7K, L M, N O, and P @, each equal
to the radius of the quadrants 5 and leaving {uffi-
cient room within the angular points, 24y 75
and s, for the equinoctial circle in the middle,

' To divide the infides of thefe angles properly
for the hour-fpaces thereon, take the following

method.

Set one foot of the compafies in the point 7,
as a center ; and open the other to K, and with
that opening, defcribe the arc K7: then, with-
out altering the compafies, {et one foot in K,
and with the other foot defcribe the arc 74,
Divide each of thefe arcs, from I and X to their
interfection at 7, into four equal parts; and
from their centers / and K, through the points
of divifion, draw the right lines 73, 74, I35,
16,I7; and K2, K1, K12, K11; and they
will meet the fides Kp and Jp of the angle /p K
where the hours thereon muft be placed. And
thefe hour-fpaces in the arcs muft be fubdivided
into four equal parts, for _thc half hours and
quarters. Do the like for the other three

angles, and draw the dotted lines, and fet the
hours
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hours in the infides where thofe lines meet theuis
as in the figure : and the like hour-lines will be
parallel to each other in all the quadrants and in
all the angles,

Mark points for all thefe houts, on the upper
fide and cut out all the angular hollows, and
the quadrantal ones quite through the places
where their four gnomons muft ftand ; and lay
down the hours on their infides, as in PraTe
X11, and then fet in their four gnomons, which
muft be as broad as the dial is thick 3 and this
breadth and thicknefs muft be large enough to
keep the fhadows of the gnomons from ever
falling quite out at the fides of the hollows, even
when the fun’s declination is at the greateft.

Laftly, draw the equinoial dial in the mid-
dle, all the hours of which are equidiftant from
each other; and the dial will be finifhed.

As the fun goes round, the broad end of
the thadow of the ftile 2 4 ¢ 4 will fhew the hours
in the quadrant 4 ¢, from fun rife till VI inthe
morning ; the fhadow from the end M will fhew
the hours on the fide Zig from V to IX in the
morning ; the {hadow of the flile ¢ f ¢ b in the
quadrant D g (in the long days) will fhew the
hours from fun-rife till VI in the:morhing 5 and
the fhadow of the end IV will fhew the morning
hours, on the fide O r, from III to VIL

Jut as the thadow of the northern flileabcd
goes off the quadiant A ¢; the [hadow of the
Touthern ftile 7 & / m begins to fall within the
quadrant ¥/, ac V1 in the morning ; and (hews
the time, in that quadrant, from VI il XIT at
4 noon 3
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noon ; and from noon till VI in the evening in
the quadrant m E.  And the fhadow of the end
O fhews the time from XI in the forenoon ti]]
IIL in the afternoon, on the fide » V; as the
thadow of the end P fhews the time from IX in
the morning till I o’clock in the afternoon, on
the fide @ s

£t noon, when the thadow of the eaftern ftile
e fg b goes off the quadrant 4 C (in which it
fhewed the time from VI in the morning tilk
noon, s it did in the quadrant g D from fun-
sife till V1 in the morning) the fhadow of the

weftern ftile #0 p ¢ begins to enter the quadrang
Hp; and fhews the hours thereon from X]J at
noon till VI in the evening ; and after #bar il

fun-fet, in the quadrant ¢G: and the end o8

¢afls a thadow on the fide P s from V in the
evening till IX at night, if the fun be not fec
before that time.

The fhadow of the end I fhews the time on
the fide K p from 1II till VII in the afternoon 3
and the thadow of the ftile ¢ 4 ¢ 4 thews the time
from VI in the evening till the fun fets.

The fhadow of the upright central wire, that
fupports the globe at top, fhews the time of the
day, in the middle or equino&ial dial, all the
fummer half year, when the fun: is on the north
fide of the equator.

In this fupplement to my book of Lectures,
all the machines that I have added to my appa-
ratus, fince that book was printed, are de-
fcribed, excepting two 3 one of which isa modc}_

(939
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of a mill for fawing timber, and the other is 2
model of the great engine at London-bridge,
for raifing water. And my reafons for leaving
them out are as follow,

Firft, T found it impoffible to make fuch a
drawing of the faw-mill as could be underftood ;
becaufe, in whatever view it be taken, a great
many parts of it hid others from fight. And,
in order to fhew it in my Lectures, 1 am obliged
10 turn it into all manner of pofitions.

Secondly, Becaufe any perfon who looks on
Fig. 1. of Prate XII in che book, and reads
the account of it in the ffth Lecture therein,
will be able to form a very good idea of the
London-bridge engine, which has only two
wheels and two trundles more than there are in
Mr. Alderfea’s engine, from which the faid hgure
was taken.
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