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P ReEAReA ACrE;

VER fince the days of the Lorp Cuan=

cELLOR DBacon, natural philofophy bath been

more and more cultivated in England. TuaT
great genius firft fet out with taking a general [urvey
of all the natural fciences, dividing them into diftint?
branches, which be enumerated with great exaiinefs y
be-enquired [crupuloufly into the degree of knowledge
glready attained to in each, and drew up a liff of
what flill remained to be difcovered : this was the
Jeope of bis firfp undertaking. Afterward he carried
bis views much farther, and fhewed the neceffity of an
experimental philofophy, a thing never before thought
of. As be was a profeffed enemy to [yftems, be con=
JSidered philofophy no otherwife than as that part of
knowledge which contributes to make men better and
bappier : ke feems to limit it to the knowledge of
things ufeful, recommending above all the fludy of na-
ture, and fbewing that no progrefs can be made there-
in, but by colleting falis, and comparing experiments,
of which be points out a great number proper to be
made.

But notwithflanding the true path to [cience was
thus exaétly marked out, the old notions of the fchools
Jo irongly poffe[fed pecple’s minds at that time, as not
to be eradicated by any new opinions; bow rationally
foever advanced, until the illafirious Mr. BoyLE,
the firft who purfued Lorp Bacon’s plan, began to
put experiments in praélice with an affiduity equal
%0 bis great talemts, Next, the RovaL SocieTy

being



FREEMCE,

being eftablifbed, the true philofophy began to be the
reigning tafte of the age, and continucs fo 1o 1bis
day.

The immortal S1r Isaac Newron infiffed, even
in bis carly years, that it was bigh time to banifb
vague conjeslures and bypothefes from natural philo-
Jophy, and to bring that [eience under an entire fub-
Jection to experiments and geometry. He frequently
called it the experimental philofophy, fo as fo ex-
prefs fignificantly the difference between.it and the num-.
berlefs [yftems which bad arifen merely out of the conceits
of inventive brains : the one [ubfifting no longer than
the [pirit of movelty lafls ; the other never failing
whilft the nature of things remains unchanged.

The method of teaching and laying the foundation
of phyfics, by exhibiting public courfes of experiments,
was firft undertaken in this kingdom, I believe, by
Dr. Joun KerLL, and fince improved and enlarged
by Mr. HauvksBeg, Dr. DesacuLiers, Mr.
WhHaiston, Mr. CoTes, Mr. WHITESIDE, and
Dr.BRADLEY our prefent Regius and Savilian profeffor
of Aftronomy. Nor bas the [ame been neglefied in
other countries : Dr. James, and Dr. Davip GRrE-
GoRY, S8ir ROBERT STEWART, and after him M.
MacrLavriN, in Scotland; Dr. HeLsaam in Ire-
land, Meffieurs SGRAVESANDE and MuscHEN=
BROEK i Holland, and the Apst’ NoLLET in
France, bave acquired juft applaufe thereby. :

The fubffance of my own attempts in this way
of inflrumental infiruciion, the following fheets (ex-
clufive of the aftromomical part) will fhew : the f(a-
tisfaition they have generally given, read as. lefiures

lo




PREFACE

io different audiences, affords me fome bope that they
wmay be favourably received in the fame form by the
public.,

I ought to obferve, that though the four laft lec-
tures cannot be properly faid to concern experimental
philofophy, I confidered however that they were not
of fo different a clafs, but that they might, without
spuch impropriety, be fubjoined to the preceding ones.

My apparatus {(part of which is defcribed bere,
and the reft in a *® former work) is rather fimple than
magnificent  which is owing to a particular point 1
bad in view at firfp fetting out, namely, to avoid all
[uperfluity, and to render every thing as plain and in-
telligible as I could. -

* dfronomy s.;pfahm:’ #por SIR Isaac NEwTONs principles, and
made ealy to thofe wbo bawve not fludied mathematics.

ERRATA.

Page 35, line 8, for awx read w=z. Page 42. 1. 20, dile only,
Page 117, 1. 15 from the bottom, for three read fix. Page
147, 1. 3 and 5 from the bottom, for 0.785339 rcad 0.785399.
Page 200, 1. 1. for VIII read VII. Page 211, 1. 19, for 48E
read aBE. Page 212, L. 16, for eb read ¢B. Page 213, 1, 11
from the bottom, for JRH read [iK. Page 216, L. ¢, for mer-
&ifcus read menifcys.  Page 265, 1. 13, for plane read place.

THE



THE

CONTENTS

LE ST UKL
O F matter and its properties. page 1

EFECTIDORE IL

Of central forces. 21 3

o3, SRR o e B i e 4

Of the mechanical powers. - 52
Yoo Bk TR R RO

Of mills, cranes, wheel-carriages, and the engine for

driving piles. 78

LELC T U-RE"W.
Of bydroflatics, and hydraulic machines, in general.
107

PE VRN

Of pneumatics. 172

LECT U RE “VIL |
Of optics. | 209
iIcECT U R'E “"VHIL
The defcription and ufe of the globes and armillary
[phere, - 260
| LB T U RE" X,
The principles of dialing. 234
LiECT URE X,

Of dialing. - 370 _I

L'ECTURE Al
Shewing bow to calculate the mean time of any new or

Sull moon, or eclipfe, from the creation of the world
to the year of CHRIST, 5800. 399

LEC

e e e e e




W LY Ol 1 S | TR T

O N

BSELECT SWBJECTS.

B R R e e B X K ) DR N RS K KT S T T

LAE - CoTin L
Of matter and its properties.

S the defign of the firft part of this courfe is
A to explain and demonftrate thofe laws by

which the material univerfe is governed,
regulated, and continued; and by which the va-
rious appearances in nature are accounted for; it
is requifite to begin with explaining the properties
of matter.

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

The inherent properties of matter are folidity, Its proper-
inactivity, mobility, and divifibility. =
~ The jfolidity of matter arifes from its having solidity.
length, breadth, thicknefs, and being impenetra-
ble. Hence it is that all bodies are comprehended
under fome fhape or other, and that every parti-
cular body hinders all others from occupying the
fame part of {pace which it pofiefleth. Thus, if
a piece of wood or metal be {queez’d ever fo hard
between two plates, they cannot be brought into

B contact,




2 Of the ﬁréﬁen‘f es of matter.

contact. And even water or air has this property ;
for if a fmall quantity of it be fixed between any
other bodies, they cannot be brought to touch one
another.

Iactivity. A fecond property of matter is inaftivity, or
paffivenefs ; by which it always endeavours to con-
tinue in the ftate that it is in, whether of reft or
motion. And therefore, if one body confift of
twice or thrice as much matter as another body,
it will have twice or thrice as much inactivity;
that is, it will require twice or thrice as much force.
to give it an equal degree of motion, or to ftop it
after it hath been put into fuch a motion.

That matter can never put itfelf into motion is
allowed by all men. For they fee that a ftone, ly-
ing on the plane furface of the earth, never re-
moves itfelf from that place, nor does any one
imagine it ever can. But molt people are apt to
believe that all matter has a propenfity to fall from
a ftate of motion into a ftate of reft; becaufe they
fee that if a ftone or a cannon-ball b:: put into ever
fo 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 fhort way upon a bowling-
green; becaufe the roughnefs and unevennefs of
the grafly furface foon creates friction enough to
frop it. Butif the green were perfectly level, and

: covered with polifhed glafs; a.nd the bowl perfeétly

hard,



Of the properties of matter. 3
hard, round, and {mooth, it would go a great way
further ; as it would have nothing but the air to
refift it : if then the air were taken away, the bowl
would go on without any friction, and confequently
without any diminution of the velocity it had at
fetting out : and therefore, if the green were ex-
tended quite round the earth, the bowl would go
on for ever.

If the bowl were carried feveral miles above the
earth, and there projected in a horizontal diretion,
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 refifting medium in the
way, the bowl would not fall to the earth at all;
but would continue to circulate round it, keeping
always in the fame tralt, and returning to the fame
point from which it was projected, with the fame
velocity as at firft. In this manner the moon
moves round the earth, although fhe be as unaétive
and dead as any ftone upon it,

The third property of matter is mobility ; for we Mobility,
find that all matter is capable of being moved, if
a fufficient degree of force be applied to overcome
- its refiftance.

The fourth property of matter is divifibility, of Divifibis
which there can be no end. For, fince matter can™
never be annihilated by cutting or breaking, we
can never imagine it to be cut into fuch {mall par-
ticles, but that if one of them be laid on a table, the
uppermoft fide of it will be further from the table
than the undermoft fide. Moreoveritwould be abfurd

‘B 2 to



Of the propertics of matter.
to fay that the greateft mountain on earth has more
halves, quarters, or tenth parts, than the {malleft
particle of matter has.

We have many furprifing inftances of the fmall-
nefs to which matter can be divided by art: of
which the two following are very remarkable,

1. If a pound of filver be fufed with a fingle
grain- of gold, the gold will be equally diffufed
through the whole filver, {o that taking one grain
from any part of the mafs (in which there can be
no more than the 576oth part of a grain of gold)
and diffolving it in aguafortis, that quantity of 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 parts. For an
inch in length can be divided into 100 parts, every
one of which will be vifible to the naked eye: con--
fequently a fquare inch can be divided into 10000
parts, and 50 {quare inches into 500000. And if
one of thefe parts be viewed with a microfcope that
magnifies the diameter of an object only 10 times,
it will magnify the area 100 times; and then the
100th part of a goooooth part of a grain (that is
the 50 millionth part) will be vifible. Such leaves
are commonly ufed in gilding ; and they are fo
very thin, thatif 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 matter.
For Mr. Leesvenboek tells us, that there are more
& | animals










Of the properties of matter.

animals in the milt of a fingle cod-fith, than there
are men upon the whole earth : and that, by com-
paring thefe animals in a microfcope 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, muicles,
and nerves, otherwife they could neither live nor
move. How inconceivably {mall then muit the
particles of their blood be, to circulate through
the fmalleft ramifications and joinings of their ar-
teries 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 fmaller than the whole
earth! and yet, if thefe particles be compared with
the particles of light, they will be found to exceed
them as much in bulk as mountains do fingle grains
of fand. For, the force of any body ftriking
againft an obftacle is directly in proportion to its
quantity of matter multiplied into its velocity : and
fince the velocity of the particles of light is demon-
ftrated to be at leaft a million of times greater than
the velocity of a cannon-ball, it is plain, that if a
~million of thefe particles were as big as a fingle
~ grain of fand, we durft no more open our eyes to
the light, than we durft expofe them to f{and fhot
point-blank from a cannon.

That matter is infinitely divifible in a mathe- piace 1.
matical fenfe, is eafy to be démonftrated. For, Fig- 1-
let AB be the length of a particle to be divided ;
and let it be touched at oppofite ends by the pa-
rallel lines CD and E F, which, fuppofe to be in-

B 3 finitely
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Of the propertics of matter.

The in- finitely extended beyond D and F. Set off the

finite divi-
fibility of
matter pro-
ved.

Attraftion.

Cchefion,

equal divifions BG, GH, HI, &c. on the line
EF, towards the right hand from B; and take a
point as at R, any where towards the left hand from
A, in the line CD: Then, from this point, draw
the right lines RG, RH, RI, &c. each of which
will cut off a part from the particle 4B. But af-
ter any finite number of fuch lines are drawn, there
will ftill remain a part as 4P at the top of the
particle, which can never be cut off; becaufe the
lines DR and EF being parallel, no line can ever
be drawn from the point R to any point of the line
E F that will coincide with the line RD. There-
fore the particle 4B contains more than any finite
number of parts.

A fifth property of matter is attraflion, which
feems rather to be infufed than inherent., Of this
there are four Kkinds, viz. cobefion, gravitatien,
magnetifin, and elediricity.

The attrafiion eof cobefien is that by which the
{fmall parts of matter are made to ftick and cohere
together.  Of this we have feveral inftances, fome
of which follow.

1. If a fmall glafs tube, open at both ends, be
dipt in water, the water will rife up in the tube to
a confiderable height above its level in the bafon :
which muft be owing to the attrattion of a ring
of particles of the glafs all around the tube, im-
mediately above thofe to which the water at any
inftant rifes, And when it has rifen fo high that
the weight of the column balances the attraction
of the tube, it rifes no higher. This can be no

ways
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Of the properties of matter.

ways owing to the preffure of the air upon the wa-
ter 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 neighbouring
air does upon any column of an equal diameter in the
bafon. Befides, if the fame experiment be made
in the exhaufted recciver of an air-pump, there
will be found no difference.

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

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

4. If two pieces of lead be fcraped clean, and
prefled together with a twift, they will atcract 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 polithed plates of marble or brafs
be put together, with a little oil between them to
fill up the pores in their furfaces, and prevent the
lodgment of any air; they will cohere fo ftrongly,
even if fufpended in an exhaufted receiver, that
the weight of the lower plate will not be able to
feparate it from the upper one. In putting thefe
plates together, the one 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

B 4 move
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Of the propertics of matter.

move equally faft toward each other with an acce-
lerated motion, ‘until they meet: and then, if ei-
ther of them be moved, it will draw the other
after it. If two corks of unequal weights be placed
near each other, they will approach with accelerated
velocities inverfely proportionate 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 to its weight or quan-
tity of matter,

This kind of attraltion reaches but to a very
fmall diftance ; for, if two drops of quickfilver be
rolled in duft, they will not run together, becaufe
the particles of Jduft keeps them our of the fphere
of each other’s attraction,

Where the {phere of atiraétion ends, a repulfive
force begins ; thus, water repels moft bodies till
they are wet; and hence it is that a fmall needle,
if dry, fwims upon water ; and flies walk upon it
without wetting their feet.

The repeilmg force of the part;cies of a fuid i is
but {mall ; and therefore, if a fluid be divided, it
eafily unites again. But if glafs, or any other
hard fubftance be broke into {mall parts, they can-
not be made to ftick together again without being
firft wetted: the repulfion being too great to admit
of a re-union.

The repelling force between water and oil is fo
great, that we find it almoft impofiible to mix them
fo as not to feparate again, If a ball of light

wood
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wood be dipt in oil, and then put into water, 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-
gether by condenfation as to make them ftick or
cohere. Hence it is, that when the weight of the
incumbent atmofphere is taken off from any fmall
quantity of air, that quantity will diffufe itfelf fo
as to occupy (in comparifon) an inhnitely greater
portion of fpace than it did before.

Attratlion of gravitation is that power by which Gravita-
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 5 and confequently, on oppofite fides,
they fall in oppofite directions; all towards the
center, where the force of gravity is as it were ac-
cumulated : and by this power itis, 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 bodies in proportion to their refpective quanti-
ties of matter, without any regard to their bulks
or 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 fpace;
if there were no other bodies in the univerfe to
affet them, they would fall equally {wift towards
one another by the power of gravity, with velo-

cities



10 Of the propertics of matter.

cities accelerated as they approached each other ;
and would meet in a point which was half way be-
tween them at firft. Or, if two bodies contaihing
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
refpective quantities of matter ; and moving fafter
and fafter 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 latter.

All bodies that we know of have gravity or
weight.  For, that there is no fuch thing as pofitive
levity, even in fmoke, vapours, and fumes, is de-
monftrable by experiments on the air-pump ; which
fhews, that although the fmoke of a candle af-
cends to the top of a tall receiver when full of air,
yet, upon the air’s being exhaufted out of the re-
ceiver the fmoke falls down to the bettom of it.
So, if a piece of wood be immerfed in a jar of
water, the wood will rife to the top of the water,
becaufe it has a lefs degree of weight than its bulk
of water has: but if the jar be emptied of water,
the wood falls to the bottom.

Orvityde:  As every particle of matter has its proper gra-
to be as the Vity, the effe¢t of the whole muit be in proportion
quantity of 1y the number of attra&ting particles; that is, as
bodies.  the quantity of matter in the whole body. This
is demonftrable by experiments on pendulums ;

for,
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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 muft require a double or triple power-
of gravity to make it move with the fame celerity :
juit as it would require a double or triple force to
project a bullet of twenty or thirty pounds weight
with the fame degree of f{wiftnefs that a bullet of
ten pounds would require. Hence, it is evident
that the power or force of gravity is always pro-
portional to the quantity of matter in bodies,
whatever their bulks or figures are.

Gravity alfo, like all other virtues or emana- Itdecreafes
tions which proceed or iffue from a center, de- ?:ug:i of
creafes as the diftance multiplied by itfelf increafes. the diftance
That is, a body at twice the diftance of another S
attratts with 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 dif-
tance 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
retain Jupiter’s moons in their orbits, with their
refpetive diftances from Jupiter. Thefe forces will
be explained in the next letture.

The velocity which bodies near the earth acquire
in defcending freely by the force of gravity, is
proportional to the times of their defcent. For,
as the power of gravity does not confift in a fingle
impulfe, but is always operating in a conftant and

uniform
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uniform manner, it muft produce equal effects in
equal times ; and confequently in a double or tri-
ple time, a double or triple effe¢t. And fo, by
acting uniformly on the body, muft accelerate its
motion proportionably to the time of its defcent.
To bea little more particular on this fubject, let
us fuppofe that a body begins to move with a ce-
lerity 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 ac-
quired fuch a degree of celerity as is fufficient to
carry it two miles the next minute, though it fhould
then receive no new impulfe 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 3 and then, it will have acquired fuch a
degree of celerity as is {ufficient to carry it through
a double fpace 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 operate in an uniform manner,
wiil again in an equal time produce an equal effect;
and {o; by carrying it a mile further, caufe it to
move through five miles the third minuté : for, the
cclerity already acquired, and the celerity ftill ac-
quiring, will each have its compleat effect. Hence
we learn, that if the body fhould move one mile
the firft minute, it would move three the fecond,
five the third, feven the fourth, nine the fifth,
and fo on in proportion.
And
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And thus it appears, that the {paces defcribed in
{ucceffive equal parts of time, by an uniformly ac-
celerated motion, are always as the odd numbers
1,3, 5, 7,9, &c. and confequently, the whole {pa-
ces are as the fquares of the times, or as the velo-
cities. For, the continued addition of the odd
numbers yields the fquares of all numbers from
unity upward. Thus, 1 is the firft odd number,
and the fquare of 1 is 13 3 is the fecond odd
number, and this added to 1 makes 4, the {quare
of 2; 5 is the third odd number, which added to
4 makes g, the fquare of 3; and fo on for ever.
Since therefore, the times and velocities proceed
evenly and conftantly as 1, 2, 3, 4, &c. but the
fpaces defcribed in each equal time are as 1, 3, 35,
7, &c. it is evident that the fpace defcribed

In one minute will be - - 1 = f{quareof 1
In 2 minutes - - 1 + 3= 4 = f{quare of 2
fn'3Minutes - I'<}= g~ 5= “g'=[quare of '3
In 4 minutes 1 == 3 <~ 5 =} 7 = 16 = fquare of 4 &c.

N. B. The character - fignifies more, and = egual.

As heavy bodies are uniformly accelerated by the The de-
power of gravity in their defcent, it is plain that F';?Eif;,g
they muft be uniformly retarded by the fame power will givea
in their afcent. Therefore, the velocity which ai’;‘iﬁ";f
body acquires by falling, is fufficient to carry it up "
again to the {fame height from whence it fell : al-
lowance 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 Fig. 2.

plane
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plane 4B will acquire fuch a velocity by the time
itarrives at B, as will carry it up the inclined plane
BC, almoft to C; and would carry it quite up to
C, if the body and plane were perfectly fmooth,
and the air gave no refiftance.—So, if a pendulum
were put into motion in a fpace quite void of air,
and all other refiftance, and had no friction on the
point of fufpenfion, it would move for ever: for
the velocity it had acquired in falling through the
defcending parc of the arc, would be ftill fufficient
to carry it equally high in the afcending.

The center  ‘The center of gravity is that point of a body in

°f g4 which the whole force of its gravity or weight is
united. Whatever fupports that point bears the
weight of the whole body : and whilft it is fup-
ported, 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 to the center of the earth, is

Andlineof called the /Zine of direftion. 1In this line all heavy

- dueeflion: hodies defcend, if not obftructed,

Since the whole weight of a body is united in 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 nature of 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 diretion
falls within the bafe; for in this cafe the bnd}f can-

not be made to tumble or fall without firlt raifing
the



——

¥
Of ihe properties of matter. 15

the center of gravity higher than it was before.
Thus, the inclining body 4BCD, whofe center riz. 1.
of gravity is E, ftands firmly on its bafe CD IK,
becaufe the line of diretion E F falls within the
bafe. But if a weight as ABGH be laid upon
the top of the body, the center of gravity of the
whole body and weight together is raifed up to 13
and then, as the line of diretion I'D falls without
the bafe at D, the center of gravity [ is not fup-
ported; and the whole body and weight tumble
down together.

Hence appears the abfurdity of people’s rifing
hattily in a coach or boat when it is likely to over-
fet: for, by that means they raife the center of gra-
vity fo far as to endanger throwing it quite out of
the bafe; which if they do, they overfet the ve-
hicle effeCtually. Whereas, had they clapt down
to the bottom, they would have brought the line of
dire&tion, and confequently the center of gravity,
farther within the bafe, and by that means might
have faved themf{elves.

The broader the bafe is, and the nearer the line
of direétion is to the middle or center of it, the
more firmly does the body ftand. On the con-
trary, the narrower the bafe, and the nearer the
line of diretion is to the fide of it, the more eafily
may the body be overthrown: a lefs change of
pofition being fufficient to remove the line of di-
rection out of the bafe in the latter cafe than in the
former. And hence it is, that a {phere is fo ealily
rolled upon a horizontal plane; and that it is fo
difficulr, if not impoflible, to make things which

are
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are fharp pointed to ftand upright on the point.—
From what hath been faid, it clearly appears that
if the plane be inclined on which the heavy body
is placed, the body will flide down upon the plane
whilft the line of direction falls within the bafe;
but it will tumble or roll down when that line falls
without the bafe. Thus, the body 4 will only flide
down the inclined plane CD, whilft the body B
rolls down upon it.

When the line of dire&ion falls within the bafe
of our feet, we ftand ; and moft firmly when it is
in the middle : but when it is out of that bafe, we
immediately tumble or fall. And it is not only
piea{" ng, but even furprifing, to reflect upon the
various and unthought of methods and poftures
which we ufe to retain this pofition, or to recover
it when it is loft. ~ For this purpofe we bend our
body forward when we rife 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 carries it on his breaft; and to
the right or left fide as he carries it on the oppo-
fite fide. A thoufand more inftances might be
added.

The quantity of matter in all bodies is in exa&t
proportion to their weights, bulk for bulk. There-
fore, heavy bodies are as much more denfe or com-
pact than light bodies of the fame bulk, as they
exceed them in weight.

All bodies are full of pores, or f{paces void of
matter : ‘and in gold, which is the heavieft of all
known bodies, thEi‘E is perhaps a much greater

quantity
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fuantity of fpace than of matter. For the parti-
cles of heat and magnetiim find an eafy paffage
through the pores of | gold ; and even water itfelf
has been forced through them. Befides, if we
confider how eafily the rays of hrrht pafs through
{0 folid a body as glafs, in all manner of direétions,
we fhall find reaﬁrm to believe that bodies are tuch
‘more porous than is generally imagined.

All bodies are fome way or other affeCted by The ex-
heat; and all metallic bodies are expanded inPuion <
Iength breadth, and thicknefs thereby.~—The pro-
portion of the expanfion of feveral metals, ac-
cording to the beft experiments I have been able
to make with my pyrometer, is nearly thus. Iron
and glafs as 3, fteel 4, copper 4 and one eighth,
brafs 5, tin 6, lead 6 and one eighth. Aniron
rod 3 feet long is about one 7oth part of an inch
longer in fummer than in winter,

The pyrometer here mentmned being (for aught The pyre.
I know) of a new conftruéion, a defcription of it meter
may perhaps be agreeable to the reader.

Ad is a flat piece of mahogany, in which ate Fig. g
fixed four brafs ftuds B,C,D,L; and two pins,
one at F and the other at 4. On the pin F turns
the crooked index E I, and upon the pin /7 the
ftraight index G K, againft which a piece of watch-
fpring R bears gently, and fo prefics it towards the
Eigmmng of the fcale MN, over which the point
of that index moves. This fcale is divided into
inches and tenth parts of an inch : the firft inch is
marked 1000, the fecond 2000, and fo on. A bar
§lof metal O is laid into notches in the top of the
' o C finds
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ftuds C and D oneend of the bar bearing againf{t
the adjufting fcrew P, and the other end againit
the crooked index E I at a 20th part of its Iength
from its center of motion F.—Now it is plain, that
however much the bar O lengthens, it will move
that part of the index EI againft which it bears
juft 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
lengthens. And as this crooked end bears againft
the index GK at only a 20th part of its whole
length G S from its center of motion &, the point
§ will move through 20 times the fpace that the
point of bearing near I/ does. Hence, as 20 mul-
tipiled by 20 produces 400, itis evident that if the
bar lengthens but a gooth 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 4ocoth 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 thc {tuds, and turn |
the adjufting ferew P until the fpring R brings the |
point § of the index GK to the beginning of the
divifions of the fcale at M: then, without altering
the fcrew any farther, take off the bar and rub it
with a dry woollen cloth tll it feels warm; and
then, laying it on where it was, cbferve how far it
puthes the point § upon the {cale by means of the
crooked
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crooked index E: and the point § will (hew ex-
actly how much the bar has lengthened by the heat
of rubbing. As the bar cools, the {fpring R bear-
ing againft the index KG, will caufe its point § to
move gradually back towards 4/ in the fcale : and
when the bar is quite cold, the index will reft af,
M, where it was before the bar was made warm by
rubbing. The indexes have {mall rollers under
them at / and K; which, by turning round on the
{mooth wood as the indexes move, make their mo=
tions the eafier, by taking off a great part of the
friction, which would otherwife be on the pins F
and /7, and of the points of the indexes themfelves
on the wood.

Befides the univerfal properties above- tiientioned, Magzes
there are bodies which have properties peculiar to %
themfelves : fueh as the loadfone, in which the
moft remarkable are thefe, 1. it attraéts iron and

- fteel only. 2. It conftantly turns one of its fides
to the north and another to' the fouth, when fuf=
pended by a thread that does not twift. 3. It com-

~ municates all its properties to a piece of fteel when
rubbed upon it, without lofing any itfelf.

According to Dr. Helfham’s experiments, the
attraction of the loadftone decreafes as the
fquare of the diftance increafes. Thus, if a load-
ftone be fufpended at one end of a balance, and
counterpoifed by weights at the other; and a flat
piece of iron 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 {ame diftance, and as

C 2 many
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rhany grains be put into the fcale at the other end
as will exaltly counterbalance the attraction, 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 juft
counterbalance to the attrattive force, or to hinder
the ftone from defcending and adhering to the iron.
So, if four grains will doin the former cafe, there
muft be fixteen in the latter. But from fome later
‘experiments, made with the greateft accuracy, it
is found that the force of magnetifm decreafes in
a ratio between the reciprocal of the fquare and the
reciprocal of the cube of the diftance ; approach-
ing to the one or the other, as the magnitudes of
the attracting bodies are varied.

Electricity. ~ Several bodies, particularly amber, glafs, jet
fealing-wax, agate, and almoft all precious ftones,
have a peculiar property of attracting and repelling
light bodies when heated by rubbing. This is
called elecZrical attrattion, in which the chief things
to be obferved are, 1. if a glafs tube about aninch
and an half in diameter, and twe or three feet
long, be heated by rubbing, it will alternately at-
tract and repel all light bodies at the diftance of 10
or 15 inches, 2. It does not attraét by being
heated without rubbing. 3. Any light body be-
ing once repelled by the tube, will never be at-
tracted again, till it has touched fome other body.
4. If the tube be rubbed by a moift hand, or any
thing that is wet, it totally deftroys the eleétricity.
5. Any bedy except air, being interpofed, ftops

the
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~ the ele&nmty 6. The tube attracts ftronger when
- robbed over with bees-wax, and then with a dry
woollen cloth. 7. When it is well rubbed, if a
finger be brought near it, at about the diftance of
half an inch, the effluvia will {hap againft the fin-
ger, and make a little crackling noife ; and if this
be performed in a dark place, there will appear a
little flath of light,

L ESC OPas i

Of central forces.

WE have already mentioned it as 'a neceflary Motion ar
confequence arifing from the deadnefs or I;:},%Eﬂy
ma&lwt}r of matter, that all bodies endeavour to :‘L:‘H bo-
continue in the ftate they are in, whether of reft or
motion. If the body 4 were placed in any part Plate 11,
of free fpace, where nothing either draws or''$ ™
impels it any way, it would for ever remain in that

part of fpace, becaufe it could have no tendency of

itfelf to remove any way from thence. If it re-

_ ceive a fingle impulfe any way, as fuppofe from A4
towards B, it will go on in that direttion; for, of

itfelf it could never fwerve from a right line, nor

ftop its courfe.—~When it has gone through the

fpace 4B, and met with no refiftance, its velocity

will be the fame at B as it was at 4 : and this ve-

locity, in as much more time, will carry it thro’

as much more {pace, from B to C; and {o on for

ever. Therefore, when we fee a body in motion,

we conclude that {fome other fubftance muift have
¢ 3 given
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naturally
rectilineal,
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given it that moticn ; and when we fee a body fall
from morion to reft, we conclude that fome other
body or caufe ftopt it.

As all motion is naturally rectilineal, it 2ppears,
that a builet projetted by the hand, or fhot from a
cannon, would for ever continue to move in the
fame direction it received at ficft, if no other pow-
er diverted its courfe. Thereforé, when we fee 2
body move in a curve of any kind whatever, we
conclude it muit be acted upon by two powers at
Jeaft ; one to put it in motion, and another draw-
ing it off from the reftilin¢al courfe it would other-
wife have continued to move in: and whenever
that power which bent the motion of the body
from a ftraight line into a curve, ceales to act, the
body will again move on in a ftraight line touching
that point of the curve in which it was when the
attion of that power ceafed. For example, a peb-
ble moved round in a fling evef fo long 4 time,
will fly off the moment it is fet at liberty, by flip=
ping one end of the fling-cord; and will go on in
a line touching the circle it defcribed before : which
line would actually be a ftraight one, if the earth’s
attration did not affect the pebble, and bring it
down to the ground. This fhews that the natural
tendency of the pebble, when put into motion, is
to continye moving in a ftraight line, although by
the force of the fling it be made to revolve in a circle,

Theeficts  The change of motion produced is in proportion

pf combi-

ped fuices.

to the force imprefled: for the effeéts of natural
caufes are always proportionate to the force or
power of thofe caufes,

By
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By thefe laws it is eafy to prove that a body will
defcribe the diagonal of a {quare or parallelogram,
by two forces conjoined, in the fame time that it
would defcribe either of the fides, by onc force

23

fingly. Thus, fuppofe the body A to reprefent arig. -,

fhip at fea; and that it is drove by the wind in
the right line 4B, with {uch a force as would carsy
1t uniformly from 4 to Bin a minute: then, iup-
pofe a ftream or current of water running in the
diretion 4D, with fuch a force as would carry the
thip through an equal {pace from 4 to D in a mi-
nute. By thefe two forces, atting together at right
angles to each other, the fhip will defcribe che line
AEC in a minute: which line (becaufe the forces
are equal) will be the diagonal of 2n exatt fquare,
To confirm this law by an cxperiment, let there

be a wooden fquare 4B C D fo centrived, as to have Fig, s,

the part B £ FC made to draw out or pufh into the
fquare at pleafure. To this part let the pulley H
be joined, fo as to turn freely on an axis, which
will be at A when the piece is pufhed in, and at &
when it is drawn out, To this part let the ends of
a ftraight wire £ be fixed, fo as to move along with
it, under the pulley; and let the ball G be made
to {lide eafily on the wire. A thread m is fixed to
this ball, and goes over the pulley to /; by this
thread the ball may be drawn up on the wire, pa-
rallel to the fide 4D, when the part BEFC is
pufhed as far as it will go into the iquare. But,
if this part be drawn out, it will carry the ball along
with it, parallel to the bottom of the {quare DC.
By this means, the ball G may either be drawn

4 perpen-
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perpendicularly upward by pulling the thread s,
or moved horizontally along by pulling out the
part BEFC, in equal times, and through equal |
{paces; each power alting equably and feparately |
upon it. But if, when the ball is at- G, the upper
end of the thread be tied to the pin 7, 'in the cor-
ner A of the fixed fquare, and the moveable part
BEFG be drawn out, the ball will then be atted
upon by both the powers together:. for it will be
drawn up by the thread towards the top of the
{quare, and at the {ame time carried with its wire
k towards the right hand B€, moving all the while
in the diagonal Tine L; and will be found at g when
the {liding part is drawn cut as far as it was be-
fore; ‘iLhIL] then, will have caufed the thread to
draw up the ball to the top of the infide of the
fquare, juft as high as it was before, when drawn
up fingly by the thread without moving the {liding
art.
d If the afting forces are equal, but at oblique
angles to each other, fo will the fides of the paral-
lelogram be : and the diagonal run through by the
moving body will be i{:-nger or fhorter, according
as the obliquity is greater or {maller. Thus, if
two equal forces act conjointly upon the body A4,
one having a tendency to move it through the fpace
AB in the fame time that the other has a tendency
to move it through an equal fpace 4D ; it will de-
fcribe the diagonal AGC in the fame time that ei-
ther of the fingle forces would have caufed it to
defcribe either of the fides. If one of the forces
be greater than the other, then ong fide of the pa-

ralleIogram
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rallelogram will be fo much longer than the other.
For, if one force fingly would carry the body
through the fpace 4/E, in the fame time that the
other would have carried it through the fpace 4D,
the joint action of both will carry it in the fame
time through the fpace AHF, which is the dia-
“gonal of the oblique parallelogram 4D EF.

~ If both forces aét upon the body in fuch a man-
ner, as to move it uniformly, the diagonal de-
fcribed will be a ftraight line; but if one of the
forces a&ts in fuch a manner as to make the body
move fafter and fafter as it goes forward, then the
line defcribed will be a curve. And this is the
cafe of all bodies which are proje@ed in reilineal
direttions, and at the farne time ated upon by the
power of gravity, which has a conftant tendency
to accelerate their motions in the dire&tion wherein
it acts.

From the uniform projeétile motion of bodies in The laws
ftraight lines, and the univerfal power of gravity ﬁit:'r‘;tl:::
or attraction, arifes the curvilineal motion of all tions.
| the heavenly bodies. If the body A be projected
- along the ftraight line AFH in open fpace, whereFig. g,
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 direftion. But if, at the
fame moment the projetile force is given it at 4,
_the body § begins to attract it with a force duly
adjufted *, and perpendicular to its motion at 4,

. : o

* To make the projeflile force a juft balance to the gra-
vitating power, fo as to keep the planet moving in a circle, it

” ' muf}
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it will then be drawn from the ftraight line 4FH,
and forced to revolve about § in the circle ATH
in the fame manner, and by the fame law, that a
pebble is moved round in a {ling. And if, when
the body is in any part of its orbit, (as fuppofe at
K) a {maller body as L, within the fphere of at-
traction of the body K, be projefted in the right
line LM, with a force duly adjufted, and perpen-
dicular to the line of attraé¢tion L K; then, the {mall
body L will revolve about the large body K in the
orbit VO, and accompany it in its whole courfe
round the yet larger body S. But then, the body
K will no longer move in the circle ATH ; for
that circle will now be defcribed by the common
center of gravity between K and L. Nay, even
the great body § will not keep in the center; for -
it will be the common center of gravity between
all the three bodies §, K, and L, that will remain
immoveable there. So, if we fuppofe § and K
connected by a wire P that has no weight, and K
and L connected by a wire ¢ that has no weight,
the common 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
equilibrio as they move round it. Though indeed,
ftrictly fpeaking, the common center of gravity
of all the three bodies will not be in the wire P
but when thefe bedies are all in a right line. Here,

muft give fuch a velocity as the planet would acquire by gra-
vity when it had fallen through half the femidiameter of that
circle,

§ may
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§ may reprefent the [un, K the earth, and I. the
moon.

In order to form 2 general idea of the curves
defcribed by two bodies revolving about their com-
mon center of gravity, whilft they themfelves with
a third body are in motion round the common cen-
ter of igravity of all the three; ler us firft fuppole See Plate
E t6 be the {un, and e the earth going round him T
without any moon ; and their moving forces regu-
lated as above. In this cafe; whilft the earth goes
round the fan in the dotted circle RTUN X, &c. The curves
the fun will go round the circle 4/ B D, whofe center g;ﬁ;;;g-i:;is
C is the common center of gravity between the fun rcvolving
and earth : the right line 3é reprefenting the mu- iﬁ;?;:&m
tual attraltion between them, by which they are center of
as fitmly conrefted as if they wefe fixed at the & 7"
two ends of an iron bar ftrong enmough to hold
them. So; when the earth is at ¢ the fun will be
at £ ; when the earth is at f the fun will be at F,
and when the earth is at g the {fun will be at G,
&ec.

Now, let us take in the moon ¢ (at the top of
the figure) and fuppofe the earth to have no pro-
greflive motion about the fun; in which cale,
whilft the moon revolves about the earth in her
orbit 2 B C D, the earth will revolve in the cir-
cle § 13, whofe center R is the common center of
gravity of the earth and moon; thcy being con-
nefted by the mutuval attraétion between them in
the fame manner as the earth and fun are.

But the truth is, that whilft the moon revolves
about the earth, the earth is in motion about the

fun:
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fun: and now, the moon will caufe the earth te
defcribe an irregular curve, and not a true circle,
round the fun. For, it is the common center of
oravity of the earth and moon that will defcribe
the fame circle which the earth would have moved
in, if it had not been aitended by a moon. For,
{uppofing the moon to defcribe a quarter of her
progreflive orbit about the earth in the time that
the earth moves from e to f; it is plain, that when
the earth comes to f the moon will be found at 73
in which time, their common center of gravity will
have defcribed the dotted arc R 17, the earth the
curve Rsf, and the moon the curve g147. In
the time that the moon defcribes another quarter
of her orbit, the center of gravity of the earth
apd moon will defcribe the dotted arc T2U, the
earth the curve f6 g, and the moon the curve r15s,
and fo on.—And rthus, whilft the moon goes
once round the earth in her progreflive orbit, their
common center of gravity defcribes the regular
portion of acircle R1 T2 U3V 4 W, the earth the
irregular curve R5f6 g7 87, and the moon the
yet more irregular curve g14 715516717 %3 and
then, the fame kind of tracks over again.

The center of gravity of the earth and moon is
6000 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 orbit) is 12000
miles in diameter. Confequently, the earth is
12000 miles nearer the fun at the time of full moon
than at the time of new. [See the earth at f and
at b.] Ta
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-To avoid confufion in fo {mall a figure, we
have fuppofed the moon to go only twice and an
half round the earth in the time that the earth goes
once round the fun: it being impoffible-to take in
all the revolutions which the makes in a year, and
to give a true figure of her path, unlefs we thould
make the femidiameter of the earth’s orbit at leaft
84 inches ; and then, the proportional femidia-
meter 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 compleat number of re-
volutions about the earth in the time that the earth
makes one revolution about the fun, the paths of
the fun and moon would return into themfelves at
the end of ,every year; and fo be the fame over
again: but théy return not into themfelves in lefs
than 19 years nearly ; in which time the earth
makes nearly 19 revolutions about the fun, and
the moon 235 about the earth.

If the planet 4 be attrated towards the {un Plate 1L
with fuch a force as would make it fall from A to Fi& s
iB in the time that the projeétile impulfe- would
have carried it from 4 to F, it will defcribe the
arc AG by the combined action of thefe forces, A double
in the fame time that the former would have caufed P/t

force ba-

it to fall from A4 to B, or the latter have carried it lances a
from 4 to F. But, if the projetile force had been ;ﬂf‘iﬂ“ﬂ"
twice as great, that is, fuch as would have carried gravity.
the planet from 4 to H in the fame time that now,

by the fuppofition, it carries it only from A to F

the {fun’s attraction muft then have been four times

as



36 Of central forces.

as ftrong as formerly, to have kept the planet in
the circle ATH , that is, it muft have been {uch
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 projeétile force fingly would
have carried it from 4 to H, which is only twice
the diftance of 4 from F*, Thus, a double pro-
jectile force will balance a quadruple power of gra-
vity in the fame cirele; as appears plain by the
figure, and fhall foon be confirmed by an expe-
riment.
Plate IV.  The whirling-table is a machine contrived for
Fig: 1 fhewing experiments of this nature. A4 is a
ftrong frame of wood, B a winch or handle fixed
on the axis C of the wheel D, round which is the
“The whirl- catgut ftring EF, which allo goes round the {mall
ﬁrﬂﬁ_ wheels G and H, crofling between them and the
oreat 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 A28 X may be faftened
occafionally, and removed when it is not wanted.
On the axis of the wheel H is fixed the bearer
NT'Z : and it is eafy to fee that when the winch is
turned, the wheels and bearers are put into a whirl-
ing motion.

Each bearer hath two wires 7, X, and 7, Z,
fixed and fcrewed tight into them at the ends by
nuts on the outfide. And when thefe nuts are un-
fcrewed, the wires may be drawn out, in order

* Here the ares 4G, 47 mult be fuppofed to be very
fmall ; otherwife 4 E, which is equal to H, will not be qua-
druple to 4B, which is equal to FG,

1o
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to change the balls U and 7, which flide upon the
wires by means of loops fixed into the balls, and
keep them up from touching the wood below them.
A ftrong filk line goes through each ball, and is
fixt to it at any length from the center of the bearer
to its end, as occafion requires, by a nut-fcrew at
the top of the ball; the fhank of the fcrew going
into the center of the ball and prefling the line
again{t the under fide of the hele that it gt}es
through.—The line goes from the ball, and under
2 finall pulley fixt in the middle of the bearer;
then up thruugh a focket in the round plate (fee §
and 7°) in the middle of each bearer ; then through
a {lit in the middle of the fquare top (O and P) “of
each tower, and going over a fmall pulley on the
top, comes down again the fame way, and is at lalt
faftened to the upper end of the focket fixt in the
middle of the above-mentioned round plate. Thefe
plates § and 7 have each four round holes near
their edges for letting them flide up and down upen
the wires which make the corners of each tower.
The balls and plates being thus conneéted, each by
its particular line, it is plain that if the balls be
drawn outward, or towards the ends A and IV of
their refpective bearers, the round plates § and 7
will be drawn up to the top of their refpective tow-
ers O and P.

There are feveral brafs weights, fome of two

R

ounces, fome of three, and fome of four, to beFig. 2.

occafionally put within the towers O and P, upon
the round plates S and 7': each weight having a
round hole in the middle of it, for geing upon the

' fockets



33 Of central forces.

{ockets or axes of the plates, and is flit from the
edge to the hole;, for allowing it to be flipt over
the forefaid line which comes from each ball to its
refpective plate. | |
The experiments to be made by this machine are,
Fig. 1. 1. Take away the bearer M X, and take the ivory
ball 2 to which the line or filk cord & is faftened
The pro- at one end; and having made a loop on the other
ﬁfﬂf end of the cord, put the loop over a pin fixt in
keep the the center of the board 4. Then, turning the
fateitisin, . : A a
winch B to give the board a whirling motion, you
will fee that the ball does not immediately begin to
move with the board ; but, on account of its in-
aéivity, endeavours to continue in the ftate of reft
which it was in before.~—Continuve turning, until
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 lies loofe upon the.
plane furface of the earth, which having the mo-
tion of the earth communicated to it, never ‘en<
deavours to remove from that place. But ftop
the board fuddenly by hand, and the ball will
go on, and continue to revolve upon the board,
until the fri¢tion thereof ftops its motion : which
fhews, that matter being once put into mo-
tion, would continue to move for ever, if it met
with no refiftance. Inlike manner, if a perfon
ftands upright in a boat before it begins to move,
he can ftand firm ; but the moment the beat fets

off;
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off, he is in danger of falling towards that place
which the boat departs from : becaufe, as mattey,
he has no natural propenfity to move. But, when
he acquires the motion of the boat, let it be ever
fo {wift, if it be fmooth and uniform, he will ftand
as upright and firm as if he was on the plane fhore:
and if the boat ftrike againft any obftacle, he will
fall towards that obftacle ; on account of the pro-
penfity 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 hollow
axis of the bearer MX 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 whirling board to its center.

Draw off the ball a little from the center, and Bodies mo-
turn the winch ; then the ball will go round and 11';,':15 .112’;
round with the board, and will rrradual!y fly off Eﬁﬂifr;;ﬂ
farther and farther from the center, and raife up theorbiss,
the weight below the machine: which fhews that
all bodies revolving in circles have a tendency to
fly off from thefe circles, and muft have fome power
ating upon them from the center of motion, to
keep them from fo flying off. Stop the machine,
and the ball will continue to revolve for fome time
upon the board; but as the friction gradually {tops
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
D them
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them nearer and nearer to it in every revolution,

until they fell into it. :
Bodies 3. Take hold of the cord below the machine
move fafler with one hand, and with the other throw the ball
bits than in upon the round board as it were at right angles to
Jugeones. the cord, by which means it will go round and
round upon the board. Then, obferving with
what velocity it moves, pull the cord below the
machine, which will bring the ball nearer to the
center of the board, and you will {fee that the nearer
the ball is drawn to the center, the fafter it will
revolve 3 as thofe planets which are neareft the fun
revolve fafter than thofe which are more remotes
and not only go round fooner, becaufe they defcribe
fmaller circles, but even move fafter in every part

: < of their refpective circles.

Their cen- 4. Take away this ball, and apply the bearer
mivgalior- M X, whofe center of motion is in its middle at
w, direétly over the center of the whirling board
d. Then, put two balls (U and 7) of equal
weights upon their bearing wires, and having fixed
them at equal diftances from their refpective cen-
ters of motion w and » upon their filk cords, by
the fcrew nuts, put equal weights in the towers O
anet P, Laftly, put the catgut ftrings £ and F
upon the grooves G and H ; which, being of equal
diameters, will give equal velocities to the bearers
above, when the winch B is turned : and the balls
€/ and 7 will fly off towards M and N; and will
raife the weights in the towers at the fame inftant.
"T'his fhews, that when bodies of equal quantities
of
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of matter revolve in equal circles with equal velo-
cities, their centrifugal forces are equal.

5. Take away thefe equal balls, and inftead of
them, put a ball of fix ounces into the bearer M X,
at a fixth part of the diftance wz from the center;
and put a ball of one ounce into the oppofite bear-
er, at the whole diftance xy, which is equal to
wx, from the center of the bearer; and fix the
balls at thefe diftances on their cords, by the fcrew

'nuts at top: then the ball U, which is fix times as
heavy as the ball 7, will be at only a fixth part of
the diftance from its center of motion ; and confe-
quently will revolve in a circle of only a fixth part
of the circumference of the circle in which 7 re-
volves. Now, let any equal weights be put into
‘the towers, and the machine turned by the winch ;
which, (as the catgut ftring is on equal wheels be-
low) will caufe the balls to revolve in equal times ;
but /7 will move fix times as faft as U, becaufe it
revolves in a circle of fix times its radius; and
both the weights in the towers will rife at once.
" %This fhews, that the centrifugal forces of revol-
\ving bodies (or their tendencies to fly off from the
circles they defcribe) are in direft proportion to
{§ their quantities of matter multiplied into their re-
fpective velocities ; or into their diftances from the
centers of their refpective circles. For, {fuppofing
U, which weighs 6 ounces, to be two inches from
its center of motion w ; the weight multiplied by
the diftance is 12: and fuppofing 7, which weighs
only one ounce, to be 12 inches diftant from irts
center of motion ¥, the weight 1 ounce multiplied

D2 by
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by the diftance 12 inches is 12. And as they re-
volve 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 diltances
from their refpetive 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 exactly at
the fame moment. This fhews that the ball U be-
ing fix times as heavy as the ball 7, it has_ fix
times as much centrifugal force, in defcribing an |
equal circle with an equal velocity. ,
Adowble 6. If bodies of equal weights revolve in equal |
the ame Circles with unequal velocities, their centrifugal |
f;.jﬁ:li::;:”;fbrms are as the fquares of the velocities. Ta
quadraple’ prove this law by an experiment, let two balls U
E’;il’;’f and 7 of equal weights be fixed on their cords at
equal diftances from their refpeltive centers of
motion w and x; and then, let the catgut ftring
E be put round the wheel K, (whofe circumference
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 77 will revolve 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 weights in
the towers will both rife at the fame inftant, which
fhews that a double velocity in the fame circle will
exactly balance a quadruple power of attration at
the center of the circle. For the weights in the

TOWErS
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towers may be confidered as the attraétive forces in '
the centers, acting upon the revolving balls ; which,
moving in equal circles, is the fame thing as if they
both moved in. one and the fame circle. Confe-
quently, if the planets had moved twice as faft
round the fun as they do, the fun’s attraction muit
have been four times as great as it now is, to have
retained the planets in their orbits. So that the
fun muft have either been four times as big as he
now is, or four times as denfe under the fame bulk
he now has, or four times as far from the common
center of gravity of the whole fyftem as he now
is, in order to have preferved a juft balance between
the attrattive and projectile forees.

7. If bodies of equal weights revolve in un- gpirs
equal circles, in fuch a manner that the fquares of Froblem.
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 f{tring remaining as in the laft ex-
periment, let the diftance of the ball 7 from the
center x be made equal to two of the crofs divifions
on its bearer; and the diftance of the ball U from
the center w be three and a fixth part; the balls
themf{elves 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’
¥V to revoive in one moment, the ball U will re-
volve in two moments, the fquares of which are
one and four: for the fquare of 1 is only 1, and
the fquare of 2 is 44 therefore, the fquare of the

Pig . periad
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period or revolution of the ball / is contained
four times in the {quare of the period of the ball
U. But 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 {quares of the pe-
riods of 7 and U are to one another as the cubes of
their diftances from » and @, which are the centers
of their refpective circles. And if the weight in
the tower O be four ounces, equal to the fquare of
2, the diftance of / from the center x; and the
weight in the tower P 10 ounces, nearly equal to
the {quare of 3%, the diftance of U from w; it
will be found upon turning the machine by the
winch, that the balls U and 7 will raife their ref-
pective weights very nearly at the fame inftant of
time. Which confirms that famous propofition of
KEPLER, viz. that the fquares of the perio-
dical times of the planets round the {un are in pro-
pertion to tire cubes of their diftances from him ;
and that the fun’s attraction is inverfely as the
fquare of the diftance from his center : that is, at
twice the diftance his attraction is four times lefs ;

and thrice the diftance, nine times lefs; at four

times the diftance, fixteen times lefs; and fo on,
to the remoteft parts of the fyftem.

8. Take off the catgut ftring E from the great
wheel D and the fmall wheel H, and let the firing
F remain upon the wheels D and G. Take away
alfo the bearer M X from the whirling-board 4, and
inftead thereof put the machine 4B upon it, fix-
ing this machine to the center of the board by

the
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the pins ¢ and 4, in {uch a manner, that the end
ef may rife above the board to an angle of 30 or
40 degrees. In the upper fide of this machine there The abfur-
are two glafs tubes 4 and 2, clofe ftopt at both 2:}2,;,:”‘““
ends; and each tube is about three quarters full of vortexes.
lwater In the tube ¢ is a little quickfilver, which
- naturally falls down to the end 4 in the water, be-
caufe it is heavier than its bulk of water; and on
the tube & is a fmall cork which floats upon the top
' of the water at e, becaufe it is lighter; and is
' {mall enough to have liberty to rife or fall in the
tube. While the board & with this machine upon
it continues at reft, the quickfilver lies at the bot-
tom of the tube 4, and the cork fAoats on the wa-
' ter near the top of the tube 4. But, upon turning
the winch, and putting the machine 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 the greateft force.
Therefore, the quickfilver 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 wa-
ter in the tube 4 flying off to its higher end e, will
exclude the cork from that place; and caufe the
cork to defcend towards the lowermoft end of the
tube, where it will remain upon the loweft end of
the water near 4 ; for the heavier body having the
grearter centrifugal force, will therefore pofiefs the
uppermoft part of the tube; and the lighter body
will keep between the heavier and the lowermoft
part.

D4 This
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This demonfirates the abfurdity of the Cartefian
doétrine of the planets moving round the fun in
vertexes : 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 graviry exifts, there is no
occalion for {fuch vortexes ; and when it ceafes to
exift, a ftone thrown upwards will never return to
the earth again. ‘

If one bo- g, If a body be fo placed upon the whirling-
dy moves yoard of the machine (Fig. 1.) that the center of
round ano- o =
ther, both gravity of the body be direétly over the center of
of them . .
muit move the board, and the board be put into ever {o rapid
f;‘::i;:i“i"a motion by the winch B, the body will turn round
center of with the board, but will not remove from the mid-
. BBV dle of it for, as all parts of the body are in equi-
librio yound its center of gravity, and the center of
gravity is at refl in the center of motion, the cen-
trifugal force of all parts of 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 lirtle out
of the center of motion, and the machine be turn-
ed f{wiftly round, the body will fly off towards
that fide of the board on which its center of gra-
Fig. 4. vity lies. Thus, if the wire C with its lictle ball
B be taken away from the demi-globe 4, and the
flat fide ef of this demi globe be laid upon the

whirling-
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whirling-board of the machine, fo as their centers
may coincide ; 1f then the board be turned ever fo
quick by the winch, the demi-globe will remain
where it was placed. But if the wire C be fcrewed
into the demi-globe at d, the whole becomes one
body, whofe center of gravity is now at or near 4.
Let the pin ¢ be fixed in the center of the whirling-
board, and the deep groove 4 cut in the flat fide
of the demi-globe be put upon the pin, fo as the

41

pin may be in the center of 4, [See Fig. 5. whereFig. s.

this groove is reprefented at 4] and let the whirl-
ing-board be turned by the winch, which will carry
the little ball B (Fig. 4.) with its wire C, and the
demi-globe 4, all round the center-pin ¢/ and
then, the centrifugal force of the little ball B,
which weighs only one ounce, will be fo great, as
to draw off the demi-globe .4, which weighs two
pounds, until the end of the groove at e ftrikes
againft the pin ¢, .and fo prevents A from going
any farther: otherwife, the centrifugal force of B
would have been great enough to have carried A4

~quite off the whirling-board. Which fhews, that

if the fun were placed in the very center of the
orbits of the planets, it could not poffibly remain
there ; for the centrifugal forces of the planets
would carry them quite off, and the {fun with them,
efpecially when feveral of them happened to be in
any one quarter of the heavens. For the fun and
planets are as much conneted by the mutual at-
trattion that fubfilts between them, as the bodies
A and B are by the wire C which is fixed into
them both.  And even if there were but one fingle

planet
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planet in the whole heavens to go round ever {o
large a {un in the center of its orbit, its centrifugal
force would foon carry off both itfelf and the {un.
For, the greateft body placed in any part of free
fpace could 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 mo-
ved by any other fubftance.—And perhaps it was
this confideration which made .the celebrated
ARCHIMEDES fay, that if he had a proper place
at fome diftance from the earth whereon to fix his
machinery, he could move the whole earth.

10. As the centrifugal force of the light bud}r
B will not allow the hE&V}? body A to remain in the
center of motion, even though it be 24 times hea-
vier than B let us now take the ball /4 (Fig. 6.)
which weighs only 6 ounces, and conneét 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 manner, that they
may exadtly balance each other; which will be
when the center of gravity between them, in the
wire at d, is fupported by the fork. And this
center of gravity is as much nearer to the center
of the ball 4, than to the center of the ball B, as
A 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
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center of gravity 4, keeping their balance, be-
caufe either will not allow the other to fly off with
it. For, fuppofing the ball B to be only one
ounce in weight, and the ball A4 to be {ix ounces
then, if the wire C were equally heavy on each
fide of the fork, the center of gravity 4 would be
fix times as far from the center of the ball B as
from the center of the ball 4, and confequently
B will revolve with a velocity fix times as great as
A does; which will give B fix times as much cen-
| trifugal force as any fingle ounce of A4 has: but
. then, as B is only one ounce, and 4 {ix ounces,
. the whole centrifugal force of A4 will exattly ba-
. lance the whole centrifugal force of B: and there-
- fore, each body will detain the other fo as to make
it keep in its circle. This fhews that the fun and

planets muft all move round the common center of
. gravity of the whole fyftem, in order to preferve
that juft balance which takes place amongthem. For,
the plapets being as unactive and dead as the above
balls, they could no more have put them{elves 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, fince thefe balls
cannot go round unlefs their center of gravity be
{fupported by the prop or fork E ; what prop it is
that fupports the center of gravity of the folar
fyftem, and confequently bears the weight of all
the bodies in it; and by what the prop itfelf"is

fupported ?
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fupported ? The anfwer is eafy and plain ; for the
center of gravity of our balls muft be fupported,
becaufe they gravitate towards the earth, and would
therefore fall to it: but as the fun and planets
gravitate only towards one another, they have no-
thing elfe to fall to; and therefore have no occa-
fion for any thing to fupport their common center
of gravity :" and if they did not move round that
center, and confequently acquire a tendency to fly
off from it by their motions, their mutual at-
tractions 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 fun were not quick enough to create a
centrifugal force equal to the fun’s attraction.

But after all this nice adjuftment, it appears evi-
dent that the Deity cannot withdraw his regulating
hand from his works, and leave them to be folely
governed by the laws which he has impreft upon
them at firflt. For if he would leave them fo, their or-
der would in time come to an end ; becaufe the pla-
nets muit neceffarily 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 will attract the fun
more towards that quarter than when they arein a
manner difperfed equably around him, if he was
not at that time made to defcribe a portion of a
larger circle round the common center of gravity,
the balance would be deftroyed; and as it could
never reftore itfelf again, the whole {yftem would
begin to fall together, and would in time unite in

a mafs
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a mafs at the fun.— Of this difturbance we have a
very remarkable inftance in the comet which now
appears ; and which, in going lalt up from the
fun, went fo near to Jupiter, and was fo affected by
his attraction, as to have the figure of its orbit
much changed ; and not only fo, but to have its
period altered, and its courfe to be different in the
heavens from what it was before.

15

11. Take away the fork and balls from the Fig. 7.

whirling-board, and place the trough 4B thereon,
fixing its center to the center of the whirling-beard
by the pin /7. In this trough are two balls D and
E, of unequal weights, conneted by a wire f3
and made to {lide 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 com-
mon 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
trough and balls will go round their center of gra-
~ vity fo as neither of them will fly off ; becaufe, on
account of the equilibrium, each ball detains the

other with an equal force ating againft it. But.

if the ball E be drawn a little more towards the
end of the trough at 4, it will remove the center
of gravity towards that end from the center of mo-
tion; and then, upon turning the machine, the
lictle ball £ will fly off, and ftrike with a confider-
able force againft the end 4, and draw the great
ball B into the middle of the trough. Or, if
the great ball D be drawn tawards the end B of

the
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Of the tides.

the trough, fo that the center 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 againit the
end B of the trough, and will bring the little ball
E into the middle of it. If the trough be not
made very ftrong, the ball D will break through
1t.

12. The reafon why the tides rife at the fame
abfolute time on oppofite fides of the earth, and
confequently in oppofite directions, is made abun-
dantly plain by a new experiment on the whirling-
table. The caufe of their rifing on the fide next
the moon every one underftands to be owing to the
nioon’s attraction : 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 gene-
rally underftood. For it would feem that the moon
fhould rather draw the waters (as it were) clofer to
that fide, than raife them upon it, direétly contrary
to her ateractive force. Let the circle aded re-
prefent the earth, with its fide ¢ turned toward the
moon, which will then attraét the waters fo, as to
raife them from ¢ to g. Bur the queftion is, why
thould they rife as high at that very time on the
oppofite fide, from 4 to ¢? In order to explain
this, let there be a plate /B fixed upon one end
of the flat bar DC; with fuch a circle drawn upon
it as gabcd (in Fig. 8.) to reprefent the round
figure of the earth and fea; and fuch an ellipfis as

“defg to reprefent the fwelling of the tide at ¢ and

£, occafioned by the influence of the moon. Over
this
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this plate 4B let the three ivory balls ¢, f, g,
be hung by the filk lines 4, 7, &, faftened to the tops
of the crooked wires H, I, K, in fuch a manner that

the ball at ¢ may hang freely over the fide of the -

circle ¢, which is fartheft from the moon M, (at the
other end of the bar ;) the ball at £ may hang freely
over the center, and the ball at ¢ hang over the
fide of the circle g, which is neareft the moon. The
ball f may reprefent the center of the earth, the
ball g fome water on the fide next the moon, and
the ball ¢ fome water on the oppofite fide. Onthe
back of the moon M is fixt the fhort bar N pa-
rallel to the horizon, and there are three holes in
it above the little weights p, ¢, ». A filk thread o
is tied to the line £ clofe above the ball g, and
paffing by one fide of the moon AZ, goes through
a hole in the bar IV, and has the weight » hung
to it. Such another thread # is tied to the line 7,
elofe above the ball f, and pafling through the

center of the moon M and middle of the bar N,

has the weight ¢ hung to it, which is lighter than
- the weight p. A third thread m is tied to the line
b, clofe above the ball ¢, and pafling by the other
fide of the moon M, through the bar NV, has the
weight  hung to it, which is lighter than the
weight g.

The ufe of thefe three unequal weightsis to re-
prefent the moon’s unequal attraction at different
diftances from her. With whatever force the at-
trats the center of the earth, fhe attracts the fide
next her with a greater degree of force, and the
fide fartheft from her with a lefs. So, if the

| weights

47



Fig. 10.

Of the tides.

weights are left ac liberty, they will draw all the
three balls towards the moon with different degrees
of force; and cauvfe them to make the appearance
fhewn in Fig. 105 by which means they are evi-

_dently farther from each other than they would be

if they hung at liberty by the lines 4,i,4 5 becaufe
the lines would then hang perpendicularly. This
fhews, that das the moon attracts the fide of the
earth which is neareft her with a greater degree of
force than fhe does the center of the earth, fhe will
draw the water on that {ide more than fhe draws the
center, and fo caufe it to rife on that fide : and as
fhe draws the center more than fhe draws the op-
pofite fide, the center will recede farther from the
furface of the water on that (}ppoﬁ[e fide, and fo
leave it as high there as fhe raifed it on the fide next
to her. .{*u, as the center will be in the middle

‘between the tops of the oppofite elevations, they

muft of courfe be equally high on both fides at the

| {fame time, :

But upon this fuppoiition: the -earth ‘and.moon
would foon come together : and to be fure they
would, if they had not a motion round their com-
mon center of gravity, to create a degree of centri-
fugal force fufficient to balance their mutual at-
traction. - This motion they have ; 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

({4]



Of the tides.
to the center of the earth. Now as the earth is
(in round numbers) 8ooo miles in diameter, it is
plain that its fide next the moon is only 2000 miles
from the common center of gravity of the earth
and moon ; its center 6000 miles diftant therefrom,
and its fartheft fide from the moon 10000. There-
fore the centrifugal forces of thefe parts are as
2000, 6000, and 10000, 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
attraction (expreft by the number 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 next her, and con-
fequently {ufficient to raife them ; but as her at-
traction on the oppofite fide is lefs than the centri-
fugal force of the water there, the excefs of this
force is fufficient to raife the water juft as high on

49

the oppofite fide.—To prove this experiment- Fig. g,

ally, let the bar DC 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 gravity of the whole
bar with its three balls ¢, £, g, and moon M. Now,
if the whirling-board and bar be turned flowly
round by the winch, until the ball f hangs over
the center of the circle, as in Fig. 11. the ball g
will be kept towards the moon by the heavieft
weight p, (Fig. 9.) and the ball ¢, on account of
its greater centrifugal force, and the lefler weight
7, will fly off as far to the other fide, as in Fig. 11.

E And
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And fo, whilft the machine is kept turning, the -
balls e and g will hang over the ends of the el-
lipfis /fk. So that the centrifugal force of the
ball ¢ will exceed the moon’s attraction juft as
much as her attraction exceeds the centrifugal force
of the ball g, whilft her attrattion juft balances
the centrifugal force of the ball f and makes it
keep in its circle. And hence it is evident that |
the tides muft rife to equal heights at the fame time
on oppofite fides of the earth. This experiment,
to the beft of my knowledge, is entirely new.
Theearth’s  From the principles thus eftablifhed, it is evident
ﬂﬁ:ﬂ;dg “that the earth moves round the fun, and not the
ted, fun round the earth: for the centrifugal law will .
never allow a great body to move round a fmall
one in any orbit whatever ; efpecially when we find
-that if a {mall body moves round a great one, the
great one muft alfo move round the common cen-
ter of gravity between them two. And it is well
known that the quantiry of matter in the fun is |
227000 times as great as the quantity of matter in
the earth. Now, as the fun’s diftance from the
earth is at lealt 81,000,000 of miles, if we divide
that diftance by 227000, we fhall have only 357 for |
the number of miles that the center of gravity be- |
tween the {fun and earth is diftant from the f{un’s
center. And as the fun’s femidiameter is % of a
degree, which, at fo great a diftance 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 is
within the body of the fun ; and is only the 1068%
part




The earth's motion demonflrated.

part of his femidiameter from his center toward his
furface.

All globular bodies which do not turn on their
axes muft be perfect {pheres, becaufe all parts of
their furfaces are equally attracted toward their cen-
ters. But all 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 regions, For, as the
equatoreal parts move quickeft, they muft have the
greateft centrifugal force ; and will therefore recede

5I

fartheft from the axis of motion. Thus, if twoFig. 12,

circular hoops 48 and CD, made thin and fexi-
ble, and croffing one another at right angles, be
turned round their axis £ F by means of the winch
m, the wheel #, and pinion ¢; and the axis be
loofe in the pole or interfettion ¢, the middle parts
A, B,C, D will fwell out {o as to ftrike againft the
fides of the frame at F and G, if the pole ¢, in
finking to the pin E, be not ftopt by it from
finking farther : fo that the whole will appear of
an oval figure, the equatoreal diameter being con-
fiderably longer than the polar. That our earth is
~of this figure is demonftrable from actual meafure-
ment of fome degrees on its {urface, which are
found to be longer in the frigid zones than in the
torrid : and the difference is found to be fuch as
proves the earth’s equatoreal diameter to.be 35
miles longer than its axis.—Since then, the earth
is higher at the equator than at the poles, the fea,
which like all other fluids naturally runs downward
(ar towards the places which are neareft the earth’s

E 2 center)
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center) would run towards the polar regions, and
leave the equatoreal parts dry, if the centrifugal
force of the water, which carried it to thofe parts,
and fo raifed them, did not detain and keep it from
running back dgain towards the poles of the earth.

L EC:T, 0.

Of the mechanical powers.

F we confider bodies in motion, and compare

them together, we may do this cither with ref-

pect to the quantities of matter they contain, or

The foun- the velocities with which they are moved. The
dation of ; . v

all mecha- heavier any body is, the greater is the power re-

nics, quired either to move it or to ftop its motion : and

‘again, the fwifter it moves, the greater is its force.

So that the whole momentum or quantity of force of

a moving body is the refultof its quantity of mat-

ter multiplied by the velocity with which it is mo-

ved. And when the products arifing from the mul-

tiplication of the particular quantities of matter in

any two bodies by their refpective velocities are

equal, the momenta or entire forces are fo too.

Thus, fuppole 2 body, which we fhall call 4, to

weigh 40 pounds, and to move at the rate of 2

miles in a minute ; and another body, which we

fhall call B, to weigh only 4 pounds, and to move

20 miles in a minute ; the entire forces with which

thefe two bodies would ftrike againft any obftacle

would be equal to each other, and therefore it would

require equal powers to ftop them. For 40 mul-

tiplied
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tiplied by 2 gives 8o, the force of the body 4;

and 20 multiplied by 4 gives 80, the force of the

body B.

Upon this eafy principle depends the whole of

mechanics : and it holds univerfally true, that

when two bodies are fufpended by any machine, fo

as to at contrary to each other; if the machine

be put into motion, and the perpendicular afcent

of one body multiplied into its weight, be equal

to the perpendicular defcent of the other body mul-
tiplied into its weight, thefe bodies, how unequal
foever in their weights, will balance one another

in all fituations : for, as the whole afcent of one

1s performed in the fame time with the whole de-

fcent of the other, their refpective velocities muft

be direétly as the fpaces they move through; and

the excefs of weight in one body is compenfated

by the excefs of velocity in the other—Upon this
principle it is eafy to compute the power of any
mechanical engine, whether fimple or compound ; How to
for it is but only enquiring how much {wifter the {"P°"
power moves than the weight (7. e. how much far- of any me-
ther in the fame time,) and juft fo much muft the ﬁ:;i:“l
power be increafed by the help of the engine.
| In the theory of this fcience, we fuppofe all
| planes perfetly even, all bodies perfetly {mooth,
levers to have no weight, cords to be extremely
| pliable, machines to have no fri¢tion ; and in fhort,
all imperfections muft be fet afide until the theory

be eftablithed, and then proper allowances are to

be made.
E 3 The
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The lever.

Of the mechanical powers.
The fimple machines ufually called mechanical

powers are {ix in number, viz. the Lver, the wheel

and axle, the pulley, the inclined plane, the wedge,
and the ferew.~——They are called mechanical pow-
ers, becaufe they help us ro raife weights, move
heavy bodies, and overcome refiftances, which we
could not effeét without them.

1. A lever is a bar of iron or wood, one part
of which being fupported by a prop, all the other
parts turn upon that prop as their center of mo-
tion: and the velocity of every part or point is
direétly as its diftance from the prop. Therefore,
when the weight to be raifed at onc end is to the
power applied at the other to raife it, as the diftance
of the power from the prop to the diftance of tl
weight from the prop, the power and w&;ﬁht w
exactly balance or counterpoife each other : ar
a common lever has but very little frlitm
prop, a very little additional power will be ,'
to raile the weight, _ iy

There are four kinds of levers. 1. The com;hq
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 firlt fort, but
not in property. Thofe of the firft and fecond
kind are often ufed in mechanical engines 3 but

there
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there are few inftances in which the third fort is

- ufed.

A common balance is a lever of the firft kind j The ta-
but as both its ends are at equal diftances from its “*
center of motion, they move with equal velocities ;
and therefore, as it gives no mechanical advantage,
it cannot properly be reckoned among the mecha-
nical powers.

A lever of the firft kind is reprefented by the bar Plate V.
ABC, fupported by the prop D. Its principal §: o
ufe is to loofen large ftones in the ground, or raife kind of
great weights to fmall heights, in order to have e
ropes put under them for raifing them higher by
other machines. The parts 4B and BC, on dif-
ferent fides of the prop D, are called the arms of
the lever: the end 4 of the fhorter arm 4B being
applied to the weight intended to be raifed, or to
the refiftance to be overcome; and the power ap-
plied to the end C of the longer arm BC.

In making experiments with this machine, the
fhorter arm 4B muft be as much thicker than the
longer arm BC, as will be fufficient to balance it
on the prop. This fuppofed, let P reprefent a
power, whole intenfity is equal to 1 ounce, and /%7
- a weight whofe intenfity is equal to 12 ounces. .
Then, if the power be 12 times as far from the
prop as the weight is, they will exactly counter-
poife ; 'and a {mall addition to the power P will
caufe it to defcend, and raife the weight #7; and
the velocity with which the power defcends will be
to the velocity with which the weight rifes, as 12
to 1 : that is, direétly as their diftances from the

E 4 prop;



56

Of the mechanical powers.

prop ; and confequently, as the fpaces through
which they move. Hence, it is plain that a 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 hundred. If the weight be lefs, or the

The flecl-
Jard,

power greater, the prop may be placed fo much
the farther from the weight ; and then it can be
raifed to a proportionably greater height. For uni-
verfally, if the intenfity of the weight multipli-
ed into its diftance from the prop be equal to the
intenfity of the power multiplied into its diftance
from the prop, the power and weight will exactly
balance each other ; and a little addition to the
power will raife the weight. Thus, in the prefent
inftance, the weight 77 is 12 cunces, and its dif-
tance from the prop is 1 inch ; and 12 multiplied
by 1 is 12; the power P is equal to 1 ounce, and
its diftance from the prop is 12 inches, which mul-
tiplied by 1 is 12 again; and therefore there is an
equilibrium between them. So, if a power equal
to 2 ounces be applied at the diftance of 6 inches
from the ' prop, it will juft balance the weight
W ; for 6 multiplied by 2 is 12, as before. And
a power equal to 3 ounces placed at 4 inches dif-
tance from the prop would do the fame; for 3
times 4 is 12 3 and fo on, in proportion,

The ftatera or roman fleelyard is a lever of this
kind, contrived for finding the different weights of
different forts of bodies, or of a greater quantity
of the fame fort, by one fingle weight placed at
different diftances from the prop or center of

motion
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motion D. For, if a fcale hangs at 4, the ex-
tremity of the fhorter arm 4B, and is of fuch a
weight as will exactly counterpoife the longer arm
BC, if this arm be divided into as many equal
parts as it will contain, each equal to A4 B, the fingle
weight P (which we may fuppofe to be 1 pound)
will ferve for weighing any thing as heavy as itfelf,
or as many times heavier as there are divifions in
the arm BC, or any quantity between its own
weight and that quantity. As for example, if P
be 1 pound, and placed at the firft divifion 1 in the
arm BC, it will balance 1 pound in the fcale at A
if it be removed to the fecond divifion at 2, it
will balance 2 pounds in the fcale: if to the third,
3 pounds; and fo on to the end of the arm BC.
If each of thefe integral divifions be f{ubdivided
into as many equal parts as a2 pound contains oun-
ces, 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 are by
that means afcertained.

To this kind of lever may be reduced feveral
forts of inftruments, fuch as {ciffars, pinchers,
fouffers ; which are made of two levers alting con-
trary to one another : their prop or center of mo-
tion being the pin which keeps them together.

In common practice, the longer arm of this le-
ver exceeds the weight of the fhorter ; which gains
an advantage, becaufe it adds fo much more to the
power.

57

A lever of the fecond kind has the weight be- The fecond
. tween the prop and the power.  In this, as well as k™ ot &

Vel
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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 refpective veloci-
ties of the power and weight are in that propor-
tion; and they will balance each other when the
intenfity of the power muliplied by its diftance
from the prop is equal to the intenfity of the
weight multiplied by its diftance from the prop.
Thus, if 48 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 end B, 6 inches from the
prop, by the cord C D going over the fixed pulley
E, the power will juft fupport the weight: and a
imall addition to the power will raife the weight,

1 inch for every 6 inches that the power defcends.
This lever fhews the reafon why two men carry-
ing a burden upon a ftick between them, bear un-
equal fhares of the burden in the inverfe propor-
tion of their diftances from it. For it is well
known, that the nearer any of them is to the bur-
den, the greater fhare he bears of it: and if he
goes directly under it, he bears the whole. So, if
one man be at G and the other at P, having the
pole or ftick 4B refting on their thoulders ; if the
burden or weight /#” be placed five times as near
the man at G as it is to the man at P, the former
will bear five times as much weight as the latter.
This is likewife applicable to the cafe of two horfes
of unequal firength, to be fo yoaked as that each
horfe may draw a part proportionable to his
ftrength ; which is done by dividing the beam fo,
that
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that the point of traction may be as much nearer
to the ftronger horfe than to the weaker as the
ftrength of the former is greater.

To this kind of lever may be reduced oars, rud-
ders of fhips, doors turning upon hinges, cutting
knives which are fixed at the point”of the blade,
and the like.

If in this lever we fuppofe the power and weight The third
to change places, fo that the power may be between t,;ld g
the weight and the prop, it will become a lever of
the third kind : in which, that there may be a ba-
lance between the power and the weight, the in-
tenfity of the power muft exceed that of the weight
juft as much as the diftance of the weight from the
prop exceeds the diftance of the power frem it.
Thus, let E be the prop of the lever 4B, and /#Fig. 3.
a 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 weight 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 arm
turns, the mufcle muft therefore exert a force ten
times as great as the weight raifed.

As this kind of lever gives no advantage to the
moving power, it is never ufed but in cafes of ne-
ceffity 3 fuch as that of a ladder, which being

' fixed



6o

‘The fourth
kind of le- the firft, but in being bended for the fake of con-

VEr.

Fig. 4.

The nvbeel

and axle.

Of the mechanical powers.
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

venience. ACB 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 AC at F, by
means of the cord DE going over the pulley G;
and /7 is a weight or refiftance acting upon the end
B of the fhorter arm BC. If the power be to
the weight as BC to CF, they are in equilibrio.
Thus, fuppofe #” to be 5 pounds acting at the
diftance of one foot from the center of motion C,
and P to be 1 pound alting at F five feet from
the center C, the power and weight will juft balance
each other, A hammer drawing a nail is a lever of
this fort.

2. The fecond mechanical power is the whee! and
axle, in which the power is applied to the circum-
ference 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 circum-
ference of the axle : and confequently, the power
and weight will balance each other when the in-

~ tenfity
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tenfity of the power is to the intenfity of the weight
as the circumference of the axle is to the circum-
ference of the wheel. Let 4B be a wheel, CD
its axle, and fuppofe the circumference of the wheel
to be 8 times as great as the circumference of the
axle ; then, a power P equal to one pound hang-
ing by the cord 7, which goes round the wheel,
will balance a weight 777 of 8 pounds hanging by
the rope X, which goes round the axle. And as
the friction on the pivots or gudgeons of the axle
is but fmall, a fmall 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 that the power defcends, and confequently,
through no more than an eighth part of an equal
{fpace, in the fame time. If the wheel be pulled
round by the handles §,S, the power will be in-
creafed in proportion to their length, And by this
means, any weight may be raifed as high as the
operator pleafes.

To this fort of engine belong all cranes for raif~
ing great weights; and in this cafe, the wheel may
have cogs all around it inftead of handles, and a
fmall lantern or trundle may be made to work in
the cogs, and be turned by a winch ; which will again
increafe the power of the wheel as much as its num-
ber of cogs exceeds the number of ftaves or rounds
in the trundle, if the radius of the trundle and that
of the winch be equal : but if the radius or length
of the winch be double the radius or femidiamecter
of the trundle, it will again give a double power.
So that, if the circumference of the wheel be 8

times

o1,
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times the circumference of the axle, the power of
the axle is eight times as great as the power of the
wheel ; and if the trundle makes 8 revolutions to
one of the wheel, the power of the axle is 8 times
8 times, or 64 times, as great as that of the trun-
dle: if thelength of the winch be twice the femi-
diameter of the trundle, this will again give a
double power ; and fo make it twice 64 or 128 on
the axle. Therefore, a man who by his natural
ftrength could lifc an hundred weight from the
ground in his arms, will, by the help of fuch an
engine as this, be able to raife 128 hundred weight,
or 6 tons and almoft an half. In this fort of ma-
chines it is requifite to have a ratchet-wheel G on
one end of the axle, with a catch A to fall into its *
teeth ; which will at any time fupport the weight,
and keep it from defcending, if the workman
fhould through inadvertency or carlefnefs quit his
hold whilft the weight is raifing. And by this
means, the danger is prevented which might other-
wife happen by the running down of the weight
when left at liberty.

3. The third mechanical power or engine con-
fifts either of one moveable pulley or a fyflem of
pullies, fome in a block or cafe which is 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 rifes not with the weight,
may {erve to change the direction of the power, yet
it can give no mechanical advantage thereto : but
is only as the beam of a balance whofe arms are of
equal length and weight, Thus, if the equal

weights
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weights /7 and P hang by the cord BB upon the
pulley A4, whofe block & is fixed to the beam H [,
they will counterpoife each other, juft in the fame
manner as if the cord were cut in the middle, and
its two ends hung upon the hooks fixt in the pulley
at A4 and 4, equally diftant from its center.

But if a weight /77 hang at the lower end of the
moveable block p of the pulley D, and the cord
G F go under the pulley, it is plain that the half
G of the cord bears one half of the weight 77, and
the half F the other; for they bear the whole be-
tween them. Therefore, whatever holds the up-
per end of either rope fuftains one half of the
weight : and if the cord at ' be drawn up fo as to
raife the pulley D to C, the cord will then be ex-
tended to its whole length, all but that pare
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 /# ri-
fes ; on which account, a power whofe intenfity is
equal to one half of the weight will be able to
fupport it, becaufe if the power moves (by means
of a fmall addition) its velocity will be double the
velocity of the weight ; as may be feen by putting
the cord over the fixt pulley C (which only chan-
ges the direttion of the power without giving any
advantage to it) and hanging on the weight P,
which is equal only to one half of the weight /77,
in which cafe there will be an equilibrium, and a
little addition to P will caufe it to defcend, and
raife /7 through a fpace equal to one half of thar
through which P defcends,—~Ience, the advantage

gaimd
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gained will be always equal to twice the number of
pullies in the moveable or undermoft block. So,
when the upper or fixt block # contains two pul-
lies, which only turn on their axes, and the lower
or moveable block U contains two pullies, which
not only turn upon their axes but alfo riie with
the block and weight, the advantage gained by this
is as 4 to the power. Thus, if one end of the
rope K MO 2 be fixed to a hook at 7, and the rope
pafs over the pullies N and R, and under the pul-
lies L and P, and have a weight 7 of one pound
hung to its other end at 7, this weight will balance
and fupport a weight /7 of four pounds hanging
by a hook at the moveable block U, allowing the
faid block as a part of the weight. And if as
much more power be added as is fufficient to over-
come the fri¢tion of the pullies, the power will de-
fcend with four times as much velocity as the
weight rifes; and confequently through four times
as much fpace.

The two pullies in the fixed block X, and the
two in the moveable block 2, are in the fame cafe
with thofe laft mentioned ; and give the fame ad-
vantage to the power.

As a fyftem of pullies have no great weight, and
lie in a fmall compafs, they are eafily carried about;
and can be applied, in a great many cales, for raifing
weights, where other engines cannot. But they
have a great deal of frittion on three accounts:
1. becaufe the diameter of their axis bears a very
confiderable proportion to their own diameter ;
2. becaufe in working they are apt to rub againft

one
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cne another, or againft the fides of the block ;-
3. becaufe of the ftiffnefs of the rope that goes
round them. |

4. The fourth mechanical power is the inclined Theinclined
plane ; and the advantage gained by it is as great?m'
2 its length exceeds its perpendicular height. Let Plate VI,

AB be a plane parallel to the horizon, and CD a™eé *
plane inclined to it ; and fuppofe the whole length
CD to be three times as great as the perpendicular
height Gf F: in this cafe, the cylinder £ will be
A{upported upon the-plane CD, and kept from roll-
ing 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 pillaris to be raifed from a floof
to the height G F, by means of theengine /BDC,
(which will then act as a half wedge, where the
| refiftance gives way only on one fide) the engine
and pillar will be in equilibrio when the power ap-
plied at GF is to the weight of the pillar as GFto
CD ; and if the power be increafed, {o as to over-
come the friction of the engine agzinilt the floor
and pillar, the engine will be driven, and the pil-
lar raifed : 4nd when the engine has moved its whole
length upon the floor, the pillar will be raifed to
the whole height of the:engine, from G to F.

The force wherewith a rolling body defcends
upon an inclined plane is to the force of its abfolure

F gravity,
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gravity, by which it would defcend perpendicu-
larly in a free fpace, as the height of the plane is
to its length. For, fuppofe the plane 4B to be
parallel to the horizon, the cylinder C will keep at
reft upon any part of the plane where it is laid.
If the plane be fo elevated, that its perpendicular
height D is equal to half its length 4B, the cylin-
der will roll down upon the plane with a force equal to
half its weight; for it would require a power equal
to half its weight to keep it from rolling. If the
plane 4B be elevated, fo as to be perpendicular to
the horizon, the cylinder C will defcend with its
whole force of gravity, becaufe the plane contri-
butes nothing to its fupport or hindrance; and
therefore, it would require a power equal to its
whole weight to keep it from defcending.

Let the cylinder C be fitted to turn upon flender
pivots in the frame D, in which there is 2 hook e
with a line G tied to it: let this line go over the
fixed pulley H, and have its other end tied to a
hook in the weight J. If the weight of the body
T be to the weight of the cylinder C added to that
of its frame D, as the perpendicular height of the
plane L M is to its length 4 B, the weight will juft
{fupport the cylinder upon the plane, and a fmall
touch of a finger will either caufe it to afcend or
defcend with equal eafe: then, if a little addition be
made to the weight 7, it will defcend, and draw
the cylinder up the plane. In the time that the cy-
linder moves from A to B, it will rife through the

whole height of the plane AL ; and the weight
: will
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will defcend from Hto K, through a fpace equal to

I_ the whole length of the plane 4 B.

If the plane be made to move upon rollers, or
friction-wheels, and the cylinder be fupported upon
it ; the fame power will draw the plane under the
cylinder, which before drew the cylinder up the
plane, provided the pivots of the axes of the
friction-wheels be {mall, and the wheels themfelves
be pretty large. For, let the machine ABC (equal Fig. 6,
in length and height to 4B M, Fig. 5.) be pro-
vided with four wheels, whereof two appear at D
and E, and the third under C, whilft the fourth is
hid from fight by the horizontal board 2. Let
the cylinder ¥ be laid upon the lower end of the
inclined plane C B, and the line G be extended from
the frame of the cylinder, about fix feer, parallel
to the plane CB; and, in that direction, fixed to
a hook in the wall ; which will fupport thé cylin-
der, and Kkeep it from rolling off’ the plane. L.et
one end of the line H be tied to a hook at C in the

~miachine, and the other end to a weight K, the
fame as drew the cylinder up the plane before. If
this line be put over the fixed pulley 7, the weight

K will draw the machine along the horizontal plane
L, and under the cylinder F: and when the ma-
chine has been drawn its whole length, the cylinder
will be raifed to d, equal to the perpendicular height
AB above the horizontal part a.

To the inclined plane may be reduced all hatchets,
chifels, and other edge-tools which are chdmfer d

only on one fide.
L 5. LRe
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The wedge. 5. The fifth mechanical power or engine is the

Flg. zqr

Fig.' 9.

wedge, which may be confidered as two equal in-

- clined planes DEF and CEF, joined together at

their bafes ¢ EF : then, DC is the whole thick-
nefs of the wedge at its back /BCD, where the
power is applied; £ F is the depth or height of the
wedge; DF the length of one of its fides, equal
to CF 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,
ftriking perpendicularly on its back. Thus, 4B &
is a wedge driven into the cleft CDE of the wood
FG.

When the wood does not cleave at any diftance
before the wedge, there will be an equilibrium be-
tween the power impelling the wedge downward,
and the refiftance of the wood acting againft the
two fides of the wedge, if the power be to the
refiftance as half the thicknefs of the wedge at its
back is to the length of either of its fides; that
is, as Aa to Ab, or Ba to B& (Fig. 9.) And if
the power be increafed, {o as to overcome the friction
of the wedge and the refiftance arifing from the
cohefion or ftickage of the wood, the wedge will
be drove in, and the wood {plit afunder.

But, when the wood cleaves at any diftance be-
fore the wedge (as it generaily does) the power im-
pelling the wedge will not be to the refiftance of
the wood as half the thicknefs of the wedge is to
the length of one of its fides ; but as half its thick-
nefs is to the length of either fide of the cleft, ef=
timated from the top or afting part of the wedge.

3 For,
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For, if we fuppofe the wedge to be lengthened
down from & to the bottom of the cleft at E, the
{ame proportion will hold; namely, that the power
will be to the refiftance as half the thicknefs of the
wedge is to the length of either of its fides: or,
which amounts to the fame thing, as the whole
thicknefs of the wedge is to the length of both
its 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; and then
it will become two equally inclined planes ; one of

which, as ab¢, may be made ufe of as a half wedge Fig. 7.

for feparating the moulding ¢d from the wainfcot
AB. It is evident, that when this half wedge has
been driven its whole length a¢ between the wain-
{icot and moulding, its fide #¢ will be at ¢d; and
the moulding will be feparated to fg from the wain-
fcot. Now, from what has been already proved of
the inclined plane, it appears, that to have an equi-
librium between the power impelling the half wedge

‘and the refiftance of the moulding, the former

muft be to the latter as @ to ac; that is, as the
thicknefs of the back which receives the ftroke is
to the length of the fide againft which the mould-
ing acts. Therefore, fince the power upon the
half wedge is to the refiftance againft its fide, as
the half back 44 is to the whole fide 4, it is plain
that the power upon the whole wedge (where the
whole back is double the half back) mult be to
the refiftance againft both its {ides, as the thicknefs

of the whole back is to the length of both the
| fides 5
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fides; fuppofing the wedge at the bottom of the
cleft : or as the thicknefs of the whole back to the
length of both fides of the cleft, when the wood
{plits at any diftance before the wedge. For, when
the wedge 1s driven quite into the wood, and the
wood fplits at ever fo fmall a diflance before its
edge, the top of the wedge then becomes the aét-
ing part, becaufe the wood dees not touch it any
where elfe. 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 alts from the refiftance, the greater is the
advantage.

* Some ‘q‘-l‘]:.Et'S, particularly Grauvefande, Wﬂrﬂ#,
and Lwmerfon advance, that the power of the wedge
is to the refiftance to be overcome, as the thicknefs
of the back of the wedge is to the length only of
one of its fides; which feems very ftrange: for,
if we {uppofe 4B to be a ftrong inflexible bar of
wood or iron fixt into the ground at CB, and D
and £ to be two blocks of marble lying on the

ground on oppofite fides of the bar; it is evident

that the bleck D may be feparated from the bar to
the diftance a4 by driving the inclined plane or
half wedge @40 down between them ; and the block
E may be feparated to an equal diftance on the other
fide in like manner by the half wedge ¢do. But
the power impelling each half wedge will be to
the refiftance of the block againft its fide, as the
thicknefs of that half wedge is to the length of its
adling fide. Therefore the power to drive both the

half

|
1
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half wedges is to both the refiftances, as both the
half backs is to the length of both the aéting fides,
or as half the thicknefs of the whole back is to
the length of either fide. And, if the bar be ta-
ken away, the blocks put clofe together, and the
two half wedges joined to make one; it will re-
quire as much force to drive it down between the
blocks, as is equal to the fum of the feparate pow-
ers acting upon the half wedges when the bar was
between them.

To confirm this by an experiment, let two cy-

linders, as 4B and C D, be drawn towards one ano- Fig. 11.

ther by lines running over fixed pullies, and a
weight of 40 ounces hanging at the lines belong-
ing to each cylinder: and let a wedge, of 40

ounces weight, having its back juft as thick as ei--

ther of its fides is long, be put between the cy-

linders, which will then aét againft each fide with

a refiftance equal to 40 ounces, whillt its own
weight endeavours to bring it down and {eparate
them. And here, the power of the wedge’s gra-
vity impelling it downward will be to the refiftance
of both the cylinders againft the wedge, as the
thicknefs of the wedge is to the length of both its
fides ; for there will then be an equilibrium between
the weight of the wedge and the refiftance of the
cylinders againft it, and it will remain at any height
between them; requiring 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 at

the
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the ends of the lines which draw them together, to
keep the wedge from going down between them,
That is, a wedge of 40 ounces, whofe back is only
equal to half the length of one of its fides, will
require 80 ounces to each cylinder, to keep it in
an equilibrium between them ; and twice §0.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 the length (not of its one fide
but) of both its fides.

The beft way, though perhaps not the neateft
that I know of, for making a wedge with its ap-
purtenances for fuch experiments, is as follows,

Let JKLM and LMNO be two flat pieces of |

waad 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 ﬂf wood may be opened to any an-
gle not more than 6o degrees, and then fixt at the
given angle by means of the two fcrews ¢ and 2,
Then, IK NO will reprefent the back of the wedge,
L M its ftharp edge which enters the wood, and
the outfides of the pieces JKLM and LMNQ
the two fides of the wedge againft which the wood
alts in cleaving. 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 ei-
ther of its fides, but not to exceed that length :
and any weight as » may be hung to the wedge upon
the hook A4, which weight, together with the
weight of the wedge itfelf, may be confidered as
the m*pr.ll ing power ; which is all the fame in ex-

periment,
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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 cy-
linders, each about two inches thick where 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 endwife between them. Let a
fmall cord with a loop on one end of it go over a
pivot in the end of each cylinder, and the cords §
and 7' belonging to the cylinder 4B go over the
fixt pullies #” and X, and be faftened at their other
ends to the bar wx, on which any weight as Z may

- be hung at pleafure. In like manner, let the cords

9 and R belonging to the cylinder 5C go over
the fixt pullies U and 7 to the bar zv, on which
a weight 2 equal to Z may be hung. Thefe
weights, by drawing the cylinders towards one an-
other, may be confidered as the refiftance of the
wood acting equally againft oppofite fides of the
wedge : the cylinders themfelves being fufpended
near and parallel to each other, by their pivots in

- loops on the lines E, F,G, H; which lines may be

fixed to hooks in the cieling of the room. The
longer thefe lines are, the better; and they fhould
never be lefs than four feet each. The farther alfo
the pullies /#7, 7, and W/, 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 2" and Z, ‘and the
weight p, may be varied at pleafure, fo as to be
adjufted in proportion of the length of the wedge’s
fides to the thicknefs of its back ; and when they

arg
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are fo adjufted, the wedge will be in equilibrio with
the refiftance of the cylinders.
The wedge is a ‘very great mechanical power,

. fince not only wood but even rocks can be {plit by

The ferew.

Fig. 12,13,

it; which would be impoffible to effect by the le-
ver, wheel and axle, or pulley.

6. The fixth, and laft mechanical power is the
ferew 3 which cannot properly be called a fimple
machine, becaufe it is never ufed without the ap-
plication of the lever afting as a winch or handle
in turning it: and then it becomes a compound
engine, of a very great force either in prefling
the parts of bodies clofe together, or in raifing
great weights. It may be conceived to be made
by cutting a piece of paper #/BC (Fig. 12.) into the
form of an inclined plane or half wedge, and then
coiling it round a cylinder /B (Fig. 13.) And here
it is evident, that the winch E muft turn the cylinder
once round before the weight or refiftance D can
be moved from one fpiral winding to another, as
from d to ¢: therefore, as much as the circumfe-
rence of a circle defcribed by the handle of the
winch is greater than the interval or diftance be-
tween the fpirals, fo much is the force of the fcrew.
That 1s, fuppofing the diftance between the fpirals
to be half an inch, and the length of the winch
twelve inches; the circle defcribed by the handle
where the power acts will be 76 inches nearly ;
or about 152 half inches, and confequently 152

times the diftance between the fpirals: and there-

fore, a power at the handle, whofe intenfity is equal
to no more than a fingle pound, will balance 152
pounds
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pounds ating againft the fcrew; and as much ad-
ditional force, as is fufficient to overcome the fric-
tion, 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 be made, and the nearer the fpirals are to

one another, fo much the greater is the force of the
fcrew.

¥$

A machine for fhewing the force or power of Fig. 14.

the fcrew may be contrived in the following man=
ner. Let the wheel C have a {crew 44 on its axis,
working in the teeth of the wheel D, which fup-
pofe to be 48 in number. It is plain that for every
time the wheel C and fcrew @4 are turned round
by the winch 4, the wheel D will be moved one
tooth by the fcrew : and therefore, in 48 revolu-
tions of the winch, the wheel D will be turned
once round. Then, if the circumference ¢f a
circle defcribed by the handle of the winch 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 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 balance and fupport the
weight—To prove this by experiment, let the
circemferences of the grooves of the wheels C and
D be equal to one another; and then, if a weight
H of one pound be fufpended 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 fmall
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a {mall addition to the weight /7 will caufe it to de-
fcend, and {o raife up the other weight.

If the line G, inftead of going round the groove
e of _the wheel D, goes round its axle [ ; the power
of the machine will be as much increafed, as the
circumference of the groove ¢ exceeds the circum-
ference of the axle: which, {uppofing it to be 6
times, then one pound at A will balance 6 times
48 or 288 pounds hung to the line on the axle:
and hence, the power or advantage of this ma-
chine will be as 288 to 1. That is to fay, a man
who by his natural ftrength could lift an hundred
weight, will be able to raife 288 hundred, or 145
ton weight by this engine.

But the following engine is ftill more powerful,
on account of its having the addition of four pul-
lies: and in it we may look upon all the mecha-
nical powers as combined together, even if we take
in the balance. For, as the axis D of the bar
AB is in its middle at C, it is plain that if equal
weights are fufpended upon any two pins equi-
diftant from the axis C, they will counterpoife.
It becomes a lever by hanging a {mall weight P
upon the pin #, and a weight fo much heavier upon
either of the pins &, ¢, d, ¢, or f, as is in proportion to
the pin’s being fo 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-
reft under the lower pullies K, », over the upper

pullies L, #, and then it is tied to a hook at m in
' the
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the lower or moveable block, on which hangs the
weight 7. -

In this machine, if the wheel /' has 3:} teeth
it will be turned once round in 30 revolutions of
the bar 4B, which is fixt on the axis D of the
{crew E: if the length of the bar is equal to twice
the diameter of the wheel, the pins ¢ and # at the
ends of the bar will move 6o times as faft as the
teeth of the wheel : confequently, one cunce 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 F is 10 times as great as
the diameter of the axle G, the wheel will have 1o
times the velocity of the axle; and therefore one
ounce P at the end of the lever ZC will balance

10 times 60 or 6oo ounces hung to the rope H .

which goes round the axle. Laﬁ{y, if four pul-
lies be added, they will make the velocity of the
lower block K, and weight 77, four times lefs than
the velocity of the axle: and this being the laft
power in the machine, which is 4 times as great

- as that gained by the axle, it makes the whole

power of the machine 4 times 600, or 2400. So
that a man who could lift one hundred weight in his
arms, by his natural ftrength, would be able to
raife 2400 hundred weight by this engine.—But it
is here as in all other mechanical cafes ; for the time
loft is always as much as the power gained, be-
caufe the velocity with which the power moves
will ever exceed the velocity with which the weight
rifes, as much as the intenfity of the weight ex-

ceeds the intenfity of the power.
The

17
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The friction of the fcrew itfelf is very confider=
able : and there are few combined engines, but
what, upon account of the friction of the parts
againft one another, will require a third part of
more power to work them when loaded, than what
is fufficient to conftitute a balance between the
weight and the power.

e S ol R 1

Of mills, cranes, wheel-carriages, and the engine for
. driving piles. :

AS thefe machines are fo univerfally ufeful, it
- would be ridiculous to make any apology for
defcribing them.

Plate VI,  In a common bdreaft mill, where the fall of wa-
E%:;:ﬁmn ter may be about ten feet, 44 is the great wheel,
mill, which is generally about 17 or 18 feet diameter,
reckoned from the outermoft edge of any float-
board at 2 to that of its oppofite float at /. To
this wheel the water is conveyed through a chan-
nel, and fo falling upon the wheel, turns it round. -
On the axis BB of this wheel, and within the
mill-houfe, is a wheel D, about 8 or g feet dia-
meter, having 61 cogs which turn a trundle E
containing 10 upright ftaves or rounds; and when
thefe are the number of cogs and rounds, the
trundle will make 6 % revolutions for one revo-

lution of the wheel.
The trundle is fixt upon a ftrong iron axis call’d
the fpindle, the lower end of which turns in a
brafs
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brafs foot, fixt at F, in the horizontal beam ST
called the bridge-tree; and the upper part of the
{pindle turns in a wooden bufh fixt into the nether
millftone which lies upon beams in the floor 2°7.
The top part of the fpindle above the bufth is
fquare, and goes into a {quare hole in a ftrong iron
crofs abcd, (See Fig. 3.) called the rynd; under
which, and clofe to the buth, is a round piece of
thick leather upon the {pindie, 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 fo
turns it round in the fame time that the trundle E
is. turned round by the cog wheel D.  This mill-
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; whilft the four ends of the
rynd lie hid below the ftone in their grooves.

The end 7 of the bridge-tree 7§ (which fup-
ports. the upper millftone G upon the {pindle) is
fixed into a hole in the wall; and the end § is let
into 2 beam @R called the brayer, whofe end R
remains fixt, and its other end £ hangs by a ftrong
iron rod P which goes through the floor 2%, and
has a fcrew-nut on its top at Q ; by the turning of

which nut, the end @ of the brayer is raifed or:

deprefled at pleafure ; and confequently the bridge-
tree 78 and upper millftone. By this means, the
upper millftone may be fet as clofe to the under

. ong, or raifed as high from it, as the miller pleafes.

The nearer the millttones are to one another; the:
finer

79
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finer they grind the corn, and the more remiote
from one another, the coarfer.

The upper millftone G is inclofed in a round
box H, which does not touch it any where ; and
is about an inch diftant from its edge all around.
On the top of this box ftands a frame for holding
the hopper k&, to which is hung the fhoe I by two
lines faftened to the hind-part of it, fixed upon
hooks in the hopper, and by one end of the crook-
ftring K faftened to the fore-part of it ati; the
other end being twifted round the pin L. As the
pin is turned one way, the ftring draws up the thoe
clofer to the hopper, and fo leffens the aperture
between them ; and as the pin is turned the other
way, it lets down the fhoe, and enlarges the aper-
ture.

If the fhoe be drawn up quite to the hopper, no
corn can fall from the hopper into the mill ; if it
be let a little down, fome will fall : and the quan-
tity will be more or lefs according as the fhoe is
more or lefs let down. For the hopper is open at
bottom, and there is a hole in the bottom of the
thoe, not directly under the bottom of the hopper,
but forwarder towards the end 7, over the midd!e
of the eye of the millftone.

There is a fquare hole in the top of the fpmdle,
in which is put the feeder ¢: this feeder (as the
fpindle turns round) jogs the fhoe three times in
each revolution, and fo caufes the corn to run con-
ftantly down from the hopper, through the fhoe,
into the eye of the millftone, where it falls upon
the top of the rynd, and is, by the motion of the

rynd
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rynd and the leather under it, thrown below the
upper {tone, and ground between it and the lower
one. The violent motion of the flone creates a
centrifugal force in the corn going round with it,
by which means it gets farther and farther from the
center, as in a fpiral, in every revolution, until
it be thrown quite out ; and, being then ground,
it falls through a fpout M called the mill-eye, into
the trough N.

When the mill is fed too faft, the corn bears up
the ftone and is ground too coarfe ; and befides, it
clogs the mill fo as to make it go too flow. When
the mill is too flowly fed, it goes too faft, and the
ftones by their attrition ftrike fire againit one ano-
ther. Both which inconveniencies 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. And on the contrary, the lighter the ftone,
and the lefs the quantity of water, fo much flower
mutft the feeding be. But when the ftone is con-
{iderably wore, and become light, the mill muft be
fed {lowly at any rate ; otherwife the ftone will be
too much borne up by the corn under it, which
will make the meal coarfe.

The quantity of power required to turn a
heavy millftone is but very little more than what
is fufficient to turn a light one: for as it is fup-

G ported
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ported upon the fpindle by the bridge-tree §7,
and the end of the {pindle that turns in the brafs
foot therein being but fmall, the odds arifing from
the weight is but very inconfiderable in its action
againft the power or force of the water. And be-
fides, a heavy ftone has the fame advantage 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 millftones have channels or fur-
rows cut into them, proeeeding obliquely from the
center towards the circumference. And thefe fur-

rows are each cut perpendicularly om ene {ide and |
-obliquely on the other into the fione 5 which gives |

each furrow a fharp edge, and in the two f{tones they
come, as it were, againft one anether like the edges
of a pairof fciffars : and fo cut the corn, to make
it grind the eafier when it falls upon the places be-
tween the furrows. Thefe are eut the fame way in
both ftones when they lie upon their backs, which
makes them run crofs ways to each other when the
upper ftone is inverted by turning its furrowed fur-
face towards that of the lower. For, if the fur-
rows of both ftones lay the fame way, a great deal
of the corn would be drove onward in the lower
furrows, and fo come out from between the ftones
without ever being cut.

When the furrows become blunt and fhallow by
wearing, the running ftone muft be taken up, and
both ftones new dreft with a chiffel and hammer.
And every time the ftone is taken up, there muft
be fome tallow put round the {pindle upon the bufh,

“ which
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which will foon be melted by the heat that the
fpindle acquires from its turning and rubbing
againft the bufh, and fo will get in betwixt them:
‘otherwife the bufh would take fire in a very little
time.

The bufh muft embrace the fpindle quite clofe,
to prevent any fhake in the motion, which would

make fome parts of the ftones grate and fire againft

each other; whillt other parts of them would be
too far afunder, and by that means fpoil 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 chiffel drove into feveral parts of the bufh;
and when it is taken out, wooden wedges muft be
drove into the holes; by which means the buth
will be made to embrace the {pindle clofe all around
it again. In doing this, great care muft be taken
to drive equal wedges into the bufh on oppofite
fides of the fpindle; otherwife it will be thrown
out of the perpendicular, and fo hinder the upper
ftone from being fet ‘parallel to the under one,
which is abfolutely neceflary for making good work.
When any accident of this kind happens, the per-
pendicular pofition of the fpindle muft be reftored

by adjufting the bridge-tree § 7 by proper wedges

put between it and the brayer QR.

It often happens, that the rynd is a lictle wrenched
in laying down the upper ftone upon it; oris made
to fink a lictle 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,
G 2 whilf
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whilft the oppofite edge will not touch. But this
is eafily fet to rights, by raifing the ftone a little
with a lever, and putting bits of paper, cards,
or thin chips betwixt the rynd and the ftone.

The diameter of the upper ftone is generally
about fix feet, the lower ftone about an inch
more : and the upper ftone when new contains
about 221 cubic feet, which weighs fomewhat more
than 1900 pounds. A f{tone of this diameter
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 under ftone is a
little convex from the edge to the center, and that

<of the upper ftone 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 entrance between
the ftones is only bruifed ; but as it goes farther on
towards the circumference or edge, itis cut fmaller
and fmaller; and at laft finely ground juft before
it comes out from between the ftones.

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 perfection, the floats of the wheel ought to
move with a third part of the velocity of the wa-
ter, and the ftone to turn round once in a fecond of
time.

Such a mill as this, with a fall of water about
75 feet, will require about 32 hogtheads every mi-
nute to turn the wheel with a third part of the ve-
locity with which the water falls; and to overcome

the
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the refiftance arifing from the friction of the geers
and attrition of the ftones in grinding the corn.

The greater fall the water has, the lefs quantity
of it will ferve to turn the mill. The water is kept
up in the mull-dam, and let out by a fluice called
the penftock, when the mill is to go. When the
penftock is drawn up by means of a lever, it opens
a paffage through which the water flows to the
wheel : and when the mill is to be ftopt, the pen-
ftock is let down, which ftops the water from fall-
ing upon the wheel. |

A lefs quantity of water will turn an overfhot
mill (where the wheel has buckets inftead of float
boards) than a breaft mill where the fall of the
water feldom exceeds half the height 44 of the
wheel.  So that, where there is but a fmall quan-
tity of water, and a fall great enough for the
wheel to lie under it, the bucket (or overfhot)
wheel is always ufed. But where there is a large
body of water, with a little fall, the breaft or
float-board wheel muft take place. =~ Where the
water runs only upon a lictle declivity, it can act
but flowly upon the under part of the whecl at 43
in which cafe, the motion of the wheel will be
very flow: and therefore, the floats ought to be
very long, though not high, that a large body of
water may aCt 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 cogs
in proportion to the rounds in the trundle, in or-
der to give the millftone a fufficient degree of ve-
locity.

G 3 They
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They who have read what is faid in the fisft
le€ture, concerning the acceleration of bodies fall-
ing freely by the power of gravity acting conftantly
and uniformly upon them, may perhaps afk, why
fhould the motion of the wheel be equable, and
not accelerated, fince the water acts conftantly and
uniformly upon it ? The plain anfwer is, that the

velocity of the wheel can never be fo great as the

velocity of the water that turns it; for, if it fhould
become fo great, the power of the water would be
quite loft upon the wheel, and then there would
be no proper force to overcome the fri€tion of the
geers and attrition of the ftenes, Therefore, the
~velocity with which the wheel begins to move, will
increafe no longer than till its momentum or force is
balanced by the refiftance of the machine ; and
then the wheel will go on with an equable motion.
[If the cog wheel D be made about 18 inches
diameter, with 30 cogs, the trundle as {mall in
proportion with 10 ftaves, and the millftones be
each about two feet in diameter; and the whole
work be put into a ftrong frame of wood, as re-
refented in the figure, the engine will be a hand-
mill for grinding corn or malt in private families.

And then, it may be turned by a winch inftead of |

the wheel 44 : the miliftone making three revo-
lutions for every one of the winch. If a heavy fly
be put upon the axle B, near the winch, it will
allift greatly in regulating the motion.]

If the cogs of the wheel and rounds of the
trundle could be put in as exatiy as the teeth are
cut 1n the wheels and pinions of a clock, then the

trundle

—
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“trundle might divide the wheel exactly : that is to

fay, the trundle might make a given number of
revolutions for one of the wheel, without a fraction,
But as any exact number is not neceffary in mill-
work, and the cogs and rounds cannot be fet in fo
truly as to make all the intervals between them
equal; a fkilful mill-wright will always give the
wheel what he calls @ Aunting cog; that is, one
more than what will an{fwer to an exaétdivifion of the
wheel by the trundle. And then, as every cog
comes o the trundle, it will take the next ftaff or
round behind the one which it took in the former
revolution: and by that means, will wear all the
parts of the cogs and rounds which work upon one
another equally, and to equal diftances from one
another in a little time; and fo make a true uni-
form 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 quantity

of water, the cog-wheel 4.4 turns a large trundle Fig. 4.

B B, on whofe axis C is fixed the horizontal wheel
D, with cogs all around its edge, turning two
trundles £ and F at the {fame time ; whofe axes or
fpindles G and A turn two millitones 7 and X, upon
the fixed ftones L and M. And whea there is not
work for them both, either may be made to lie
quiet, by taking out ane of the ftaves of its trun-
dle, ard turning the vacant place rowards the cag
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

G 4 drawing
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drawing up the facks, fanning and cleaning the
corn, fharpening of tools, &c.

Aborferill. 1f, inftead of the cog wheel 44 and trundle
B B, horizontal levers be fixed into the axle C, be-
low 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 purpofe.

A wind  The working parts of a wind mill difter very
little from thofe of a water mill ; only the former
is turned by the altion of the wind upon four fails,
every one of which ought (as is generally believed)
to make an angle of 54% degrees with a plane per-
pendicular to the axis on which the arms are fixt
for carrying them. It being demonfirable, that
when the fails are fer to fuch an angle, and the axis
turned towards the wind, it has the greateft power
upon them. But this angle anfwers only to the
cafe of a vane or fail juft beginning to move *:
for, when the vane has a certain degree of mo-
tion, it yields to the wind ; and then that angle muft
be increafed to give the wind its full effect.

Again, the increafe of this angle will be dif-
ferent, according to the different velocities from the
axis to the extremity of the vane. At the axis it
will be 545 degrees, and thence continually in-
creafe, giving the vane a twift, and {o caufing all
the ribs of the vane to lie in different planes.

Laftly, 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

* See MAC LAURIN’s Fluxions, near the end.
any









Of wind mills.
any one rib be fpent upon the reft, but all move
on independent of each other. All this is required
to give the fails of a wind mill their true form :
and we fee both the twift and the diminution of
the ribs exemplified in the wings of birds.

It is almoft incredible to think with what velo-
city the tips of the fails move when acted upon by
a moderate gale of wind. 1 have feveral times
counted the number of revolutions made by the
fails in ten or fifteen minutes ; and from the length
of the arms from tip to tip, have computed, that
if a hoop of that diameter was to run upon
the ground with the fame velocity that it would
move if put upon the fail-arms, it wanid g0 up-
wards of 30 miles in an hour.

As the ends of the fails neareft the axis cannot
move with the fame velocity that the tips or far-
theft ends do,  although the wind acts equally
ftrong upon them ; perhaps a better pofition than
that of ftretching them along the arms direétly
~ from the center of motion, might be to have them
fet perpendicularly acrofs the farther ends of the
arms, and there adjulted lengthwife to the proper
angle. For, in that cafe, both ends of the fails
would move with the fame velocity ; and teng far-
ther from the center of motion, they would have
{fo much the more power: and then, there would
be no occafion for having them fo large as they are
generally made ; which would render them lighter,
and confequently, there would be fo much the lefs
friction on the thick neck of the axle wherc it turns
in the wall.

A crampe
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A caw. A crane is an engine by which great weights are
raifed to certain heights, or let down to certain
depths. It confifts of wheels, axles, pullies, ropes,

Plate VIIL. and a gib or gibbet. 'When the rope H is hooked

Fig 1 o5 the wei ght X, a man turns the winch 4, on the
axis whemnf is the trundle B, which turns the
wheel C, on whofe axis D is the trundle E, which
turns the wheel F with its upright axis G, on which
the great rope H H winds as the wheel turns ; and
going over a-pulley / at the end of thearm d of the

. gib ccde, it draws up the heavy burthen X; which,
being raifed to a proper height, as from a fhip 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 wheel 5 fixt on the
gib-poft ce, and the ftrong pinion ¢ fixt on the
~axis of the wheel Z. This wheel gimes the man
that turns it an abfolute command over the gib, fo
as to prevent it from taking any unlucky fwing,
fuch as often happens when it is only guided by a
rope tied to its arm &; and people are frequently
hurt, fometimes killed, by fuch accidents.
The great rope goes between two upright roilers
- #and £, which turn upon gudgeons in the fixed beams
f and g5 and as the gib is turned towards either
fide, the rope bends upon the roller next that fide.
Were it hot for thefe rollers, the gib would be
quite unmanageable ; for the moment it were turned
ever {o little towards any fide, che weight K would
begin to defcend, becaufe the rope would be fhor-
tened between the pulley I and axis G; and fo the

gib would be pulled violently to that fide, and
either
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either break itfelf to pieces, or every thing that
came in its way., Thefe rollers muft be placed fo,
that the fides of them round which the rope bends,
may keep the middle of the bended part diretly
over 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 gib is
managed, and the lefs apt to fwing either way: b‘y
the force of the weight K.

A ratchet-wheel @ is fixt upon the axis D, near
the trundle £; and into this wheel falls the catch
or click R, This hinders the machine from run-
ning back by the weight of the burthen X, if the
man who raifes it fhould happen to be carelefs,
and fo leave off working at the winch A fooner
“than he ought to do.

When the burthen K is raifed to its proper height
from the thip, and brought over the quay by turn-
ing of the gib, it is let down gently upon the
quay, or into a cart ftanding thereon, in the fol-
lowing manner: A man takes hold of the rope
t¢ (which goes over the pulley v, and is tied to a
hook at § in the catch R) and fo difengages the
catch from the ratchet wheel @ ; and then, the
man at the winch A turns it backward, and lets
down the weight K, But if the weight pulls too
hard againit this man, another lays hold of "the
handle 7, and by pulling it downward, draws the
gripe U clofe to the wheel 7, which, by rubbing
hard againft the gripe, hinders the too quick de-
fcent of the weight; and not only fo, but even
ftops it at any time, if required. By this means,

heavy
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heavy goods may be either raifed or let down at
pleafure, without any danger of hurting the men

- who work the engine.

When part of the goods are craned up, and the
rope is to be let down for more, the catch R is firft
difengaged from the ratchet wheel 2, by pulling
the cord #; then the handle ¢ is turned half round
backward, which, by the crank ##s in the piece o,
pulls down the frame b between the guides m and m
(in which it flides in a groove) and {o difengages
the trundle B from the wheel C: and then, the
heavy hook 8 at the end of the rope H defcends
by its own weight, and turns back the great wheel
F with its trundle E, and the wheel C; and this
laft wheel acls like a fly againft the wheel 7' and
hook @3 and fo hinders it from going down toc
quick ; whillt the weight X keeps up the gripe U
from rubbing again{t the wheel 2, by means of a
cord going from the weight, over the pulley w to
the hook 777 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 burthen, the handle g is turned
half round forwards; which, by the crank #n,
raifes up the frame &, and caufes the trundle B to
lay hold of the wheel C; and then, by turning the
winch 4, the burthen of goods K is drawn up as
before.

The crank ## turns pretty ftiff in the mortife
near o, and ftops againft the farther end of it when
it has got juft a little beyond the perpendicular;

' fo
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fo that it can never come back of itfelf : and there-
fore, the trundle B can never come away from the
wheel C, until the handle ¢ be turned half. round.

The great rope runs upon rollers in the lever
L. M, which keep it from bending between the
axle at G and the pulley I. This lever turns upon
the axis N by means of the weight O, which is
Juft fufficient to keep its end L up to the rope; fo
that, as the great axle turns, and the rope coils
round it, 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 radius of the winch A4 to be twice the
radius of the trundle B; this will make the power
of the trundle upon the wheel C to be as 2: but
if the trundle has 8 ftaves, and the wheel 64 cogs,
the trundle will increafe the power of the wheel
8 times, which multiplied by 2, the power of the
winch, is 16 ; and if the trundle £ on the axis of
the wheel C has g rounds, and the wheel F 72
cogs, the power is again 8§ times increafed ; which
makes the power of the wheel F as 8 times 16, or
128 : and laftly, if the diameter of the wheel F
be 8 times the diameter of that part of its axle G
on which the rope winds, this again increafes the
power 8 times, and fo makes it 8 times 128, or
1024, which is the whole power of the machine ;
and fo much more weight a man can raife by it
than he could lift in his arms with an equal degree
of ftrength.

It this power be thought greater than what may
be generally wanted, the wheels may be made with

fewer
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fewer cogs in proportion to the ftaves in the truna
dles ; and fo the power may be of whatever degree
is judged to be requifite. But if the weight be fo
great as will require yet more power to raife it (fup-
pofe a double quantity) then the rope A may be
put under a moveable pulley as d, and the end of
it tied to a hook in the gib at ¢; which will give
a double power to the machine, and fo raife a dou-
ble weight hook’d 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 handfpikes y,y,5,y ; having firft dif-
engaged the trundle B from the wheel C: and then,
this wheel will only aét asa fly upon the wheel F;
and the catch R will prevent its running bazk, if
the men fhould inadvertently leave off puthing be-
fore the burthen be unhooked from g.

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 pufhing at the hand-
fpikes y,7,5,y, whilit the man at A4 turns the
winch.

I have only fhewn the working parts of this
crane, without the wlhole of the beams which fup-
port them; knowing that thefe are eafily 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 follow-
ing manner. {4 is a great wheel turned by men

walking
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walking within it at . On the part C, of its axle rig. 2.
BC, the great-rope D is wound as the wheel turns;
and this rope draws up goods in the fame way as
the rope HH does in the abovementioned crane,
the gib-work here being fuppofed to be of the fame
fort. But thefe cranes are very dangerous to the
men in the wheel ; for, if any of the men fhould
chance to fall, the burthen will make the wheel run
back and throw them all about within it; which
often breaks their limbs, and fometimes kills them.
The late ingenious Mr. Padmore of Briftol (whofe
contrivance the forementioned crane is, fo far as
¥ can remember its conftruction after feeing it once
about twelve years ago) obferving this dangerous
conftruétion, contrived a method for remedying it,
by putting cogs all around the outfide of the wheel,
and applying a trundle £ to turn it; which in-
creafes 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 ratchet wheel
on the axis of the trundle, (as in the abovemen-
- tioned crane) with a catch to fall into it, the great ,
wheel is ftopt from running back by the force of .
the weight, even if all the men in it fhould leave
off walking. And by one man working at the
winch 7, or two men at the oppefite winches when
needful, the men in the wheel are much affifted,
and much greater weights are raifed, than could be
by men only within the wheel. Mr. Padmore put.
alfo 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 burdens may
be
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- be let down without the leaft danger. And before

Fleel car=
FIALES.

this contrivance, the lowering of goods was al-
ways attended with the utmoft danger to the men
in the wheel ; as every one 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 Sic
fames Creed, there is {carce an inftance of any who
ules this fafe contrivance.

The ftructure of wbeel carriages is generally fo
well known, that it would be needlefs to defcribe
them. And therefore, we fhall only point out
fome inconveniencies attending the common me-
thod of placing the wheels, and loading the wag-
gﬂns. ;

In coaches, and all other four wheel’d carriages,
the fore-wheels are made of a lefs fize than the
hind ones, both on account of turning 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 their motion would be fo much the flower
on their axles, and confequently the friction pro-
portionably taken off. But carriers and coach-
men give another reafon for making the fore-wheels
much lower than the hind-wheels; namely, that
when they are fo, the hind-wheels help to pufh on
the fore ones : which is too unphilofophical and ab-
furd to deferve a refutation, and yet for their fatis-
faction we. fhall foon thew by experiment that it has
no exiftence but in their own imaginations.

4 It
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It is plain that the fmall wheels muft turn as
much oftener round than the great ones, as their cir-
cumferences are lefs. And therefore, when the
carriage is loaded equally heavy on both axles, the

| fore axle muft endure as much more friction, 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 reafon and demonftration, in putting
the heavier part of the load upon the fore axle of
the waggon ; which not only makes the friction
greateft where it ought to be leaft, but alfo prefifeth
the fore-wheels deeper into the ground than the
hind-wheels, notwithftanding the fore-wheels, be-
ing lefs than the hind ones, are with fo much the
greater difficulty drawn cut of a hole or over an ob-
ftacle, even fuppofing the weights on their axles were
equal. For the difficulty, with equal weights, will
be as the depth of the hole or height of the ob-

97

flacle is to the {femidiameter of the wheel. Thus, Fig. 1.

if we fuppofe the fmall wheel D of the waggon 4B
to fall into a hole of the depth EF, which is equal
to the femidiameter of the wheel, and the waggon
to be drawn horizontally along ; it is evident, that
the point £ of the {mall wheel will be drawn di-
rectly againft the top of the hole; and therefore,
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 C falls into fuch
a hole, it finks not near {o deep in proportion to
its femidiameter ; and therefore, the point G of the

H large
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large wheel will not be drawn directly, but ob-
liquely, againft the top of the hole; and fo will
be ealily got out of it. Add to this, that fince 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 fmall wheels ought in all reafon to be loaded
with lefs weight than the great ones: and then the
heavier part of the load would be lefs jolted up-
ward and downward, and the horfes tired fo much
the lefs, as their drawght 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 overhang the hind axle, efpecially if
the load be high, and endanger 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 upoen the fore one,
as the ground rifes from a level below the carriage.
But as this feldom happens, and when it does, a
fmall temporary 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 {trange that an advan-
tage fo plain and cbvious as would arife from load-
ing the hind-wheels heavieft, thould not be laid
hold of, by complying with this method.

To confirm thefe reafonings by experiment, let a
fmall model of a waggon be made, with its fore-
wheels 2z I inches in diameter, and its hind-

: wheels
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wheels 4 L4 the whole model weighing abotit 20
ounces. Let this little carriage be loaded any how
with weights, and have a {mall 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; the cord going over a pulley at
the end of the board to facilitate the draught, and
the weight jult 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 {mall wheels are fore-
moft; and therefore the great wheels do not help
in the leaft to puth 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 eighth parts of an inch deep into the

board ; then put a weight of 32 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 ounces put into its
place, if the hind-wheels are placed in the holes,
the 16 ounce weight will draw them out; which ig
little more than a third part of what was neceffary
to draw out the fore-wheels. This fhews, that the
larger the wheels are, the lefs power will draw the

carriage, efpecially on rough ground.
H: 2 Put
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Put 64 ounces over the axle of the hind-wheels,
and 32 over the axle of the fore ones, in the car-
riage; and place the fore-wheels in the holes ; then,
put 38 ounces into the fcale, 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 putting
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 is double the power required
te draw them out, when the lighter part of the load
was put upon them : which is a plain demonftration
of the abfurdity of putting the heavieft 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 car-
riers, -againft the broad-wheel act; and how hard
it was to perfuade them to comply with it, even
though the government allowed them to draw with
more horfes, and carry greater loads, than ufual.
Their principal objettion was, that as a broad
wheel muft touch the ground in a great many more
points than a narrow wheel, the frition muft of
courfe be juft fo much the greater; and confe-
quently, there muft be fo many more horfes than
ufual, to draw the waggon. I believe that the ma-
jority of people were of the fame opinion, not
confidering, that if the whole weight of the waggon

and
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and load in it bears upon a great many points, each
fuftains a proportionably lefs degree of weight and
friGtion, than when it bears only upon a few points ;
fo that what is wanting in one is made up in the
other ; and therefore will be juft equal under equal
degrees 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 to a common f{cale
for holding weights: then, having laid the brick
edgewife on a table, and let the fcale 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 cafe, the brick may
be confidered as a narrow wheel on the ground ;
and in the latter, as a broad wheel. And f[ince
the brick is drawn along with equal eafe, whether

its broad fide or narrow edge touches the table, it

fhews that a broad wheel might be drawn along
the ground with the fame eafe as a narrow one,
({fuppofing them equally heavy) even though they
thould 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 edges muft fuftain a great deal of friction
by rubbing againit the fides of the ruts made by
3 H 3 them,
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them. But both thefe inconveniencies are avoided
by broad wheels; which, inftead of cutting and
ploughing up the roads, roll them {mooth and
harden them ; as experience teftifies in places where
they have been ufed, efpecially either on wettith or
fandy ground : though after all it muft be confeft,
that they will not do in ftiff clayey crofs roads, be-
caufe they would foon gather up the weight of an
ordinary load of clay.

If the wheels were always to go upon fmooth

and level ground, the belt 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 perpendi-
cularly, which is the ftrongeft way for wood. But

becaufe the ground is generally uneven, 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 dees: in which cafe, con-
cave or difhing wheels are beft, becaufe when one
falls into a rut, and the other keeps upon high
ground, the fpokes become perpendicular in the
rut, and therefore have the greateft ftrength when
the obliquity of the load throws moft of its weight
upon them ; whilflt thofe on high ground have lefs
weight to bear, and therefore need not be at their
full ftrength.  So that the ufual way of making
the wheels concave is by much the beft,

The axles of the wheels ought to be perfeétly
{traight, that the rims of the wheels may be pa-
rallel to each other ; for then they will move eafieft,
becaufe they will be at liberty to go on ftraight

forwards,
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- Forwards. But in the ufual way of praftice, 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 a much grea-
ter power of crufhing them than when they are pa-
rallel to each other, but alfo endangers the over-
turning of the carriage when any wheel falls into
a hole or rur; or 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 aFig. 4.
waggon or cart) let 4 E and B F be the great wheels
parallel to each other, on their ftraight axlf: K, and
HCI the carriage loaded with heavy goods from C
to G, Then, as the carriage.goes on inthe oblique
road Aa B, the center of gravity of the whole ma-
chine and load will be at C*; and the line of di- * see page
rection Cd D falling within the wheel B F, the car-'#
riage will not overfet. But if the wheels be in-
clined to each other at the ground, as AE andFig. s
B F, and the machine be loaded as before, from C
to G, the line of dire&ion CdD falls without the
wheel BF, and the whaele machine tumbles over.
When it is loaded with heavy goods (fuch as lead
or iron) which lie low, it may travel fafely upon
an oblique road fo long as the center of gravity is
at C, and the line of direcion Cd falls within the
wheels ; but if it be loaded high with lighter goods
{fuch as woolpacks) from C to L, the center of Fig. 6.
gravity is raifed from C to K, which throws the line

2 of
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Of wheel carriages.
of direttion Kk without the wheel BF, and then
the load overfets the waggon.

If there be fome advantage from {mall 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 difadvantage at-
tending them, which is, that as their axle is below
the level of the horfes 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 ftiffer 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
foon become unfit for riding. So that on all ac-
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 breafts of the horfes ; which would
not only give the horfes a fair draught, but like-
wife caufe the machine to be drawn by a lefs degree
of power.

We fhall conclude this lecture with a defcription
of Mr. Vauloue’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 let-
ters of reference are annexed to the fame parts, in
order to explain thofe in the fecond, which are either
partly or wholely hid in the firft.

Thetileen- 4 is the great upright fhaft or axle, on which

Elne.

are the great wheel B and drum C, turned by horfes
joined to the bars §,8. The wheel B turns the

trundle
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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 Q 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 HH 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
pullies 7 and K. In the follower G is contained
the tongs F (See Fig. 3.) that takes hold of the

ram Q by the ftaple R for drawing it up. D is

a fpiral or fufee fixt to the drum, on which is
wound the fmall rope 7 that goes over the pulley
U, under the pulley 7, and is faftened to the top
of the frame at 7. To the pulley-block 7 is hung
the counterpoife 77, 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 defcent, the line 7 winds downwards upon
the fufee, on a larger and larger radius, by which
means the counterpoife /7 a¢ts ftronger and ftronger
againft it; and fo allows it to come down with
only a moderate and uniform velocity. The bolt
7 locks the drum to the great wheel, being pufhed
upward by the {mall lever 2, which goes through
a mortife in the fhaft 4, turns upon a pin in the
bar 3 fixt into the great wheel B, and has a weight
4 which always tends to pufh up the bolt 2" through
the wheel into the drum. L is the great lever
turning on the axis s, and refting upon the forcing

bar
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bar 5,5, which goes down through a hollow in
the thaft 4, and bears upon the little lever 2.

By the horfes going round, the great rope H is
wound about the drum C, and the ram £ is drawn
up by the tongs F in the follower G, until the tongs
comes between the inclined planes E; which, by
fhutting the tongs at the top, opens it at the
foot, and difcharges the ram, which falls down be-
tween the guides 24 upon the pile P, and drives it
by a few ftrokes as far into the mud as it can
go ; after which, the top-part is fawed off clofe to
the mud, by an engine for that purpofe. Imme-
diately after the ram is difcharged, the piece 6
upon the follower G takes hold of the ropes g, a4,
which raife the end of the lever I, and caufe its
end NV to defcend and prefs down the forcing bar ;5
upon the little lever 2, which, by pulling down the
bolt 27, unlocks the drum C 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 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 2 into the drum, which locks it to the
great wheel, and {o 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 herfes, great wheel, trundle, and fly go
on with an uninterrupted motion: and as the
drum is turning backward, the counterpoife # is
drawn up, and 1ts rope 7 wound upon the fpiral

fufee D.
There









Of the pile engine.

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 {lip into any of the holes.

This engine was placed upon a barge on the wa-
ter, and o was eafily conveyed to any place de-
fired,~=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. I have been told that
the ram was a ton weight, and that the guides 45,
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 would make 10 revolutions
for one of the great wheel. '

Bl Lo Ve
Of bydroflatics, and bydranlic machines, in general.

HE fcience of hydrofiatics treats of the nature,
gravity, preflure, and motion of fluids in
general; and of weighing folids in them.
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A fluid is a body that yields to the leaft preffure, Definition

or difference of preffures. Its particles muft be ex-
ceedingly {mall, becaufe they cannot be difcerned
by the beft of microfcopes; they muft be hard,
becaufe no fluid, except air or fteam, can be preffed
into a lefs fpace than it naturally poffeffes; they
muft alfo be round and fmooth, becaufe they are fo

ealily

of afluid,
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eafily moved among one another ; unlefs it can be
thewn that their particles do not actually touch
each other, which would indeed feem to be the cafe
with fuch as are pungent and ftharp to the tafte.
All bodies, both fluid and folid, prefs downwards
by the force of gravity: but fluids have this won-
derful property, that their preffure upwards and
fidewife is equal to their preflure downwards; and
this is always in proportion to their perpendicular
height, without any regard to their quantity: for,
as each particle is quite free to move, it will move
towards that part or fide on which the preflure is
leaft. And hence, no particle or quantity of a
fluid can be at reft till it is every way equally
prefled.
Plate X.  To fhew by experiment that fluids prefs upward
iiﬁ;d;;ﬂfs as well as downward, let /B be a long upright
as much tube, filled with water near to its top; and CD a
:E;F;:ﬂ:; 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 water in both are on
the fame level : which fhews that the water is preft
upward into the fmall tube by the weight of what
is in the great one; otherwife it could never rife
therein, contrary to its natural gravity ; unlefs the
diameter of the bore were fo fmall, that the at-
traction of the tube would raife the water; which
will never 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
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on a level with the furface ot the water in the great
one, this fhews that the preffure is not in pro-
portion to the quantity of water in the great tube,
but in proportion to its perpendicular height there-
in: for there is much more water in the great tbe,
all around the {mall one, than what is raifed to
the fame height in the fmall one, as it ftands in the
great,

Take out the fmall tube, and let the water run
out of it ; then it will be filled with air. Stop
its upper end with the cork C, 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 to
the height £, which thews that the air is a body,
otherwife it could not hinder the water from rifing
up to the fame height as it did before, namely to
A5 and in fo doing, it drove the air out at the top;
but now the air is confined by the cork C: and it
alfo thews that the air is a compreffible body, for

- if it were not fo, a drop of water could not enter

into the tube.

 The prefiure of fluids being equal in all di-
rections, it follows that the fides of a vefiel are as
much prefled by a fluid in it, all around in any
given ring of points, as the fluid below that ring
is prefled by the weight of all that ftands above it.
Hence, the preflure upon every point in the fides,
immediately above the bottom, is equal to the
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preflure upon every point of the bottom. To thew Fig. =.

this by experiment, let a2 hole be made at ¢ in the

fide of the tube 4B clofe by the bottom; and
another
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another liole of the fame fize in the bottom at C'3
then pour water into the tube, keeping it full as
longas you choofe the holes fhould run, and havetwo
bafons ready to receive the water that runs through
the iwo holes, until you think there is enough in each
bafon ; and you will find by meafuring the quan=
tities, that they are equal ; which fhews that the
water run with equal fpeed through both holes :
and this it could not have done, unlefs it had been
equally preffed 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 either of the holes C or e
In the fame figure, let the tube be re-curved from
the bottom at C into the fhape D E, and the hole
at C be ftopt with acork, ' Then, pour water into
the tube to any height, as Ag, and it will fpout up
in a jet EFG, nearly as high as it is kept in the
tube 4B, by continuing to pour in as much there
as runs through the hole £ ; which will be the cafe
whilft the furface Ag keeps at the fame height.
And if a little ball of cork G be laid upen the top
of the jet, it will be fupported thereby, and dance
upon it.—The reafon why the jet rifes not quite
fo high as the furface of the water Ag, is owing
to the refiftance it meets with in the open air: for
if a tube either great or fmall was fcrewed upon
the pipe at £, the water would rife in it until the
furfaces of the water in both tubes were on the fame
level ; as will be thewn by the next experiment.
Any
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Any quantity of a fluid, how {mall {foever, may Tne #ydro-
be made to balance and fupport any quantity how/ati zara-
great foever. This is defervedly termed ¢be bydro-
ﬁm‘fcm’ paradox, which we fhall firft fhew by an ex-
periment, and then account for it upon the princi-
ple above mentioned, namely, that the preffure of
fiuids is direlly as their perpendicular beight, withous
any regard to their quantity.
Let a {mall glafs tube DCG, open at both ends, Fig. 3.
and bended at B, be joined to the end of a great
one A1l at cd, where the great one is alfo open ;
fo that thefe tubes may in their openings freely
communicate with each other. Then pour water
through a {mall necked funnel into the fmall tube
at H; this water will run through the joining of
the tubes at ¢4, and rife up into the great tube ;
and if you continue pouring until the furface of
the water comes to any part, as 4, in the great
tube, and then leave off, you will {ee that the fur-
|’ face of the water in the fmall tube will be juft as
- high, at D; fo that the perpendicular altitude of
the water will be the fame in both tubes, however
fmall the one be in proportion to the other. This
fhews, that the {mall column DCG balances and
fupports the great column Ac¢d; which it could
not do, if their preflures were not equal againft one
another in the recurved 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 4 in the great
tube ; that is, the water will have the fame per-
pendicular height in both tubes, although the
column




112 ' Of hbydroflatics.
column in the fmall tube.is longer than that in the
great one ; the former being oblique, and the latter
perpendicular.

Since then, the preflure of fluids is directly as
their perpendicular heights, without any regard to
their quantities, it 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
preflures of equal heights of water are equal upon
the bottoms of thefe veflels ; even though the one
fhould hold a thoufand or ten thoufand times as

Fig. 4, 5. much water as would fill the other. To confirm
this part of the hydroftatical paradox by an expe-
riment, let two veflels be prepared, of equal
heights, but very unequal contents, fuch as 4B
in Fig. 4. and 4B in Fig. 5. Let each veflel be
open at both ends, and their bottoms Dd, Dd be
of equal widths. Leta brafs bottom CC be ex-
altly fitted to each veflel, not to go into it, but
for it to ftand upon; and let a piece of wet leather
be put between each veflel and its brafs bottom,
for the fake of clofenefs. Join each bottom to itg.
veflel by a hinge D, fo that it may open like the lid
of a box; and let each bottom be kept up to its
veflel by equal weights' E and E, hung to lines
which go over the pullies F and F (whofe blocks
are fixed to the fides of the vefiels 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 veflel .48
(Fig. 5.) upright in your hands over a bafon on a
table, and caufe water to be poured into the vefiel

flowly,
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flowly, till the prefiure of the water on its bottom
bears it down from the veflel at the fide 4, and
raifes the weight £; and then the water will run
out at 4. Mark the height at which the farface
H of the water ftood in the vefiel, when the bottom
began to give way at 43 and then, holding up the
other veffel 4B (Fig. 4.) in the fame manner,
caufe water to be poured into it at H'; and you
will fee that when the water rifes to .7 in this vefiel,

~ juft as high as it did in the former, its bottom will

alfo give way at d, and it will lofe all the water.
The natural reafon of this furprifing phenomenon
1s, that fince all parts of a fluid at equal depths
below the furface are equally prefled in all manner
of direétions, the water immediately below the
fixed part Bf (Fig. 4.) will be prefled as much up-
ward againft its lower furface within the veflel, by
the ation 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 therefore, fince action and re-

ation are equal and contrary to one another, the

water, immediately below the {urface Bf, will be

prefied as much downward by it, asif it was im-
mediately touched and prefied by a column of ‘the’
height g 4, and of the diameter Bf : and therefore,’

the water in the cavity BDdf will be prefled as
much downward upon its bottom CC, as the bottom

of the other veflel (Fig. 5.) is prefied by all the

water above it.
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To illuftrate this a little farther, let a hole berg, ,.

made at f in the fixed top Bf, and let a tube G
I be
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be put into it; then, if water be poured into the
tube A, it will (after filling the cavity Bd) rife up
into the tube G, until it comes to a level with that in
the sube ; which is manifeftly owing to the
prefiure of the water in the tube 4, upon that in
the cavity of the veflfel below it. Confequently,
that part of the top Bf, in which the hole is now
made, would, if corked up, be prefled 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 Bf were full of
holes, and had tubes put into them, the water 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 fupplying
the others, until they were all full, if equally high :
and then the water in the tube /4 would {upport equal
heights of water in all the reft of the tubes. Or,
if all the tubes except A4, or any other one, were

- taken away, and a large tube equal in diameter to

the whole top Bf were placed upon it, and cemented
to it, and then if water were poured into the tube
that was left 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 it : which fhews, that the top Bf was prefied
upward by the water under it; and before any hole
was made in it, with a force equal to that where~
with it is now prefled downward by the weight of
all the water above it in the great tube. And

therefore,
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therefore, the re-action of the fixed top Bf muft

be as great, in prefling the water downward upon
the bottom CC, as the whole preffure 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 directly upon the water in the cavity
BDdf. _
Perhaps the beft machine in the world for de- Fig. 6.
monftrating the upward preflure of fluids, is the
hydroftatic bellows 45 which confifts of two thick The bydre-
oval boards, each about 16 inches broad and 13'}':::; s
inches long, covered with leather, to open and fhut
like 2 common bellows, but without valves ; only
a pipe B, three feet high, is fixed into the bellows
at ¢. 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 2,¢,d,
each weighing 100 pounds, upon the upper board ;
and pour more water into the pipe B, which will
run into the bellows, and raife up the board with
all the weights upon it: and if the pipe be kept
full, until the weights are raifed as high as the leather
which covers the bellows will allow them, the wa-
ter will remain in the plpé, and fupport all the
weights, even though it fhould weigh no . more
than a quarter of a pound, and they 300 pminds nor
will all their force be able to cauf-:: them to defcend
and force the water out at the top of the pipe.
The reafon of this will be made evident, by con-
fidering what has been already faid of the refult of
the preflure of fluids, from its being as their per-
pendicular height without any regard to their
L2 quantity.
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quantity. For, if a hole be made in the upper
board, and a tube be put into it, the water will
rife in the tube to the fame height that it has in the
pipe; and would rife as high (by fupplying the
pipe) in as many tubes as the board could contain
holes. Now, fuppofe only one hole to be made in
any part of the board, of an equal diameter with
the bere of the pipe B; and that the pipe holds

jult a quarter of a pound of water: if a perfon

claps his finger upon the hole, and the pipe be filled
with water, he will find his finger to be prefied up-
ward with a force equal to a quarter of a pound.
And as the fame preffure is equal upon all equal
parts of the board, each part whofe area is equal
to the area of the hole will be prefled upward with
a force equal to that of a quarter of a pound: the
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 pipe.

Hence, if a man ftands upon the upper board,

himfelf up- 20d blows into the bellows through the pipe B, he
ward byhis will raife himfelf upward upon the board : and the

breath.

{maller the bore of the pipe is, the eafier he will
be able to raife himfelf. And then, by clapping
his finger upon the top of the pipe, he can fup-
port himfelf as long as he pleafes; provided the
bellows be air-tight, fo as not to lofe what is blown
Into it. | ;
This figure, I confefs, ought to have been much
larger than any other upon the plate; but it was

not
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not thought of, until all the reft were drawn :
and it could not o properly come into any other
plate. -

Upon this principle of the upward preffure of How lead
fluids, a piece of lead may be made to {wim in ;‘:gﬁt;z
water, by immerfing it to a proper depth, and fwim in
keeping the water from getting above it. Let CD gf;ﬁ
be a glafs tube, open at both ends, and EFG a
flat piece of lead, exadtly fitted to the lower end of
the tube, not to go within ir, but for it to ftand
upon ; with a wet leather between the lead and tube
to make clofe work., Let this leaden bottom be
half an inch thick, and held clofe to the tube by
pulling the packthread 77/ L upward at L with one
hand, whilft the tube is held in the other by the
upper end €. In this fituation, let the tube be im-
merfed in water in the glafs veffel /B, to the depth
of three inches below the furface of the water at
K; and then, the leaden bottom EFG will be
plunged to the depth of fomewhat more than eleven
times its own thicknefs : holding the tube at that
depth, you may let go the thread at L; and the
lead will not fall from the tube, but will be kept
to it by the upward preflure of the water below it,
occafioned by the height of the water K above the
level of thelead. The reafon whereof is, that as
lead is 11.33 times heavier than its bulk of water
and is therefore 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 EzbcG below the lead is
prefled upward againft it by the water KDEGL-
: I3 all
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all around the tube; which being a little more
than 11.33 times as high as the lead is thick, is
fufficient to balance and fupport the lead at the
depth KE. If a little water be poured into the
tube upon 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 of the
glafs veflel ; where it will lie in the fituation 2d.
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. preffure of the water around
the tube upon the column of water below it,

Let two pieces of wood be plained quite flat,
fo as no water may get in between them if they
be put together: let one of the pieces as 44 be
cemented to the bottom of the veflel 4B (Fig. 7.)
and the other piece be laid flac 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 prefled down
both by its own weight and the weight of all the
water over it, whillt the contrary preflure of the
water is kept off by the wood under it, it will lie
as ftill 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 prefs it upward ;
and as it i¢ lighter than its bulk of water, it will
rife, and {wim upon the furface of the water.

All fluids weigh juft as much in their own ele-
ment as they do inopen air. .To prove this by

| experiment,
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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 fcale as will
reftore the equipoife ; which weight will be found
to anfwer exactly to the additional weight of the
phial when it is again weighed in air wich the water
in it.
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The velocity with which water fpouts out at a The velo.
hole in the fide or bottom of a veffel, i5 as the * ¢ty of

fquare root of the depth or diftance of the hole
below the furface of the water. For, in order to
make double the quantity of a fluid run through
one hole as through another of the fame fize, it
will require four times the preflure of the other,
and therefore four times its depth below the fur-
face of the water: and for the fame reafon, three
times the quantity running in an equal time through
the fame fort of hole, muft run with three times
the velocity, which will require nine times the
preffure ; 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 pipes, as

* The fquare root of any number is that which being mul-
eiplied by itfelf produces the faid number. Thus, 2 is the
fquare root of 4, and 3 is the fquare root of g: for z malti-
plied by z produces 4, and 3 multiplied by 3 produces 9, &c.

I 4 C and

fpouting
water.,
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vig. 8. Cand g, of equal fiz’d bores, be fixed into the fide

of the veflel #B; the pipe g being four times as

deep below the furface of the water at 4 in the veflel

as the pipe C is: and whilft thefe pipes run, let

water be conftantly poured into the veffel, to keep

the furface ftill at the fame height, Then, if a cup

that holds a piat be placed at K to receive the wa-

ter that fpouts from the pipe C, and at the fame mo-

ment a cup that holds a quart be placed near L to

receive the water that {pouts from the pipe g, both

cups will be filled at the fame time by their re-
{pective pipes. :

The hori-  The horizontal dlﬂ:ance to which a fluid will

f;:::lf' fpout from a horizontal pipe, in any part of the

which wa- fide of an upright veflel below the furface of the

};‘;}uﬁﬂjm fluid, is equal to twice the length of a perpendi-

pipes. cular to the fide of the vefifel, drawn from the

mouth of the pipe to a femicircle defcribed upon

the altitude of the fluid: and therefore, the fluid

will {fpout to the greateft diftance poffible from a

pipe, whofe mouth is at the center of the femicir-

cle; becaufe a perpendicular to its diameter (fup-

pofed parallel to the fide of the vefiel) drawn from

that point, is the greateft that can pofiibly be drawn

from any part of the diameter to the circumference

s, of the femicircle. Thus, if the vefiel 4B be full

of water, the herizontal pipe D be in the middle of

. its fide, and the femicircle Nedcd be defcribed

upon D as a center, with the radius or {emidia-

meter Dg N, or Dfb, the perpendicular Dd to the

diameter VD is the greateft that can be drawn

from any part of the diameter to the circumference

Nedcb.

e
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Nedch. Andif the veflel be kept full, the jet G
will {pout from the pipe D, to the horizontal diftance
N M, which is double the length of the perpen-
dicular Dd. If two other pipes, as C and E, be fixed
into the fide of the veflel at equal diftances above
and below_the pipe D, the perpendiculars Cc and
Ee, from thefe pipes to the femicircle, will be
equal; and the jets F and H fpouting from them
will each go to the horizontal diftance NK; which
is double the length of either of the equal perpen-
diculars Cc or Dd. |

It either of thefe pipes be elevated 45 degrees
above the level or horizontal pofition, it will fpout
the water ftill farcher ; and at that elevation will
fpout it to the greateft horizontal diftance poffible;
taking this diftance on a level with the pipe. At
. any greater or lefs elevation, it will fpout to a lefs
diftance : and at equal elevations above or below
45 degrees, it will fpout to equal diftances.

Fluids by their preflure may be conveyed over How water
hills and wvalleys in bended pipes, to any height ;‘;i{;d
not greater than the level of the {prings from overhills
whence they flow. ~ For it has been already fhewn *valers:
that they will rife to the fame level in bended pipes *. * Pager1r.
But when they are defigned to be raifed higher than
the {prings, forcing engines muft be ufed ; which
fhall be defcribed when we come to treat of pumps.

A [yphon, generally ufed for decanting liquors,
is a bended pipe whofe legs are of unequal lengths;
and the fhorteft leg muft always be put into the k-
quor intended to be decanted, that the perpendi-
cular altitude of the column of liquor in the other

leg
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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
refpect, the atmofphere, which prefles as much up-
ward as downward, and therefore acts as much up-
ward againft the column in the leg that hangs
without the vefiel, as it acts downward upon the
furface of the liquor in the veffel, would hinder the
running of the liquor through the {fyphen, even
though it were brought over the bended top by
fuction.  So that there is nothing left to determine
the motion of the liquor, but the {fuperior weight of
the column in the longer leg, on account of its
having the greater perpendicular height. |

ILet D be a cup filled with water to C, and
ABC a{yphon, whofe fhorter leg BCF is immerfed
in the water from C to . If the end of the other
leg were no lower than the line AC, which is level
with the furface of the water, the fyphon would
not work, even though the air thould be drawn
out of it at the mouth 4. For although the fuétion
would draw fome water at firft, yet the water would
ftop at the moment the fuction ceafed ; becaufe the
air would a¢t as much upward againft the water at
A, as it aéted for it by prefling downward on the
furface at C. Butif the leg 4B comes down to
G, and the air be drawn out at G by fuétion, the
water will immediately follow, and continue to
run, until the furface of the water in the cup comes
down to F'; becaufe, until then, the perpendicular
height of the column B AG will be greater than

that of the column C B; and confequently, its weight
= |
will
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will be greater, until the furface comes down to
F; and then the {fyphon will ftop, though the leg
'CF fhould reach to the bottom of the cup at 4,
' For which reafon, the leg that hangs without the
' cup is always made long enough to reach below
the level of its bottom ; as from d to £ : and then,
when the fyphon is emptied of air by fuétion at
£, the water immediately follows, and by its con-
tinuity brings away the whole from the cup; juft
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 bend at B, be more
than 33 feet, it will draw no water, even though
the other leg were much longer, and the {yphon
- quite emptied of air ; becaufe the weight of a co-
lumn of water 33 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 atmofphere;
| fo that there will be an equilibrium, and confe-
quently, though there would be weight enough of
air upon the furface C to make the water afcend in
the leg CB almoft to the height B, if the {yphon
were emptied of air, yet the weight would not
be fufficient to force the water over the bend ; and
therefore, it could never be brought into the leg
B AC. _
|~ Let a hole be made in the bottom of the cup 4, Fig. se.
| and the longer leg of the bended fyphon BC EDE;;‘T”’"'
be cemented into the hole, fo that the end D of the
fhorter leg DE may almoft touch the bottom of
the cup within, Then, if water be poured into
: ' this

==

e
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this cup, it will rife in the fhorter leg by its up-
ward prefiure, extruding the air all the way before
it through the longer leg: and when thé cup is
filled above the bend of the {yphon at F, the pref-
fure of the water in the cup will force it over the
bend of the fyphon ; and it will defcend in the lon-
ger leg CBG, and run through the bottom, until
the cup be emptied.

This is generally called Tantalus’s cup, and the
legs of the {yphon in it are almoft clofe together ;
and a little hollow ftatue, or figure of a man, is
fometimes put over the fyphon to conceal it; the
bend E being within the neck of- the figure as high
as the chin. So that poor thirfty Tantalus ftands
up to the chin in water, imagining it will rife a
little ‘higher, and he may drink ; but inftead of
that, when the water comes up to his chin, it imme-
diately begins to defcend, and fo, as he cannot

ftoop to follow it, he is left as much pained with
thirft -as ever.
Thefountzin  The device called the fountain at command aéts
atamm@id ynon the fame principle with the fyphon in the cup.
Plate XI. T et two veflels 4 and B be joined together by the
b L pipe C which opens into them both. Let A 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 A4 be of fuch a fize, as to hold about
fix times as much water as B. Leta fyphon DEF
be foldered to the veflel B, 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 veflel B

hanging
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hanging at 4 by the pipe C (foldered into both) and
the whole fupported by the pillars G and H upon
the ftand 4, - The bore of the pipe muft be con-
fiderably lefs than the bore of the {yphon.

The machine being thus conftructed, let the veffel '-

A be filled with water, which will run through the
pipe C, and fill the veflel B. When B is filled above

the top of the fyphen at E, the water will run .
through the {fyphon, and be difcharged at F, But

fince the bore of the fyphon is larger than the bore
of the pipe, the {yphon will run fafter than the
pipe, and will foon empty the veflel B ; upon which
the water will ceafe from running through the f{y-
phon at F, until the pipe C re-fills the veflel B;
and then it will begin to run as before. And thus
the {fyphon will continue to run and ftop alternately,
until 2ll the water in the vefiel 4 has run through
the pipe C.—So that after a few trials, one may
ealily guefs about what time the fyphon will ftop,
and when it will begin to run : and then, to amufe
others, he may call out flop, or run, accordingly.
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Upon this principle, we may eafily account for Luemiting
intermitting ot reciprocafing fprings. . Let AA belt e
part of a hill, within which there is a cavity BB ; rig. a.

and from this cavity a vein running in the direction
BCDE. The rain that falls upon the fide of the
hill will fink and ftrain through the fmall pores
and crannies G,G,G,G ; and fill the cavity with
water K. When the water rifes to the level HHC,
the vein BCDE will be filled, and begin to run
at F, like a fyphon; which running will continue

until
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until the cavity be emptied, and then it will ftop
until the cavity be filled again.

Thecermmon  ‘T'he common f[ucking pump, with which we draw

pmp- water out of wells, is an engine both pneumatic and
hydraulic. It confifts of a pipe open at both ends,
in which is a moveable pifton, bucket, or fucker,
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, without
fuffering any air to come between it and the pipe or
pump barrel. |

We fhall explain the conftruction both of this
and the forcing pump by pictures of glafs models,
in which, both the ation of the piftons and mo-
tion of the valves are feen. .

Fig. 1. Hold the model 4B C upright in the veflel of
‘water K, the water being deep enough to rife at
leaft as high as from 4 to L. The valve 4 on the
moveable bucket G, and the valve & on the fixed
box H, (which quite fills the bore of the pipe or
barrel at /) 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 covered underneath with leather for clof-
ing the holes the more exaltly : and the bucket G
is raifed and deprefled alternately by the handle Z
and rod Dd, 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 airin the pump all the way below the bucket

8¢
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to dilate itfelf, by which its fpring is weakened,
and then its force is not equivalent to-the weight or
preflure of the outward air upon the water in the
veflel K: and therefore, at the firft ftroke, the out-
ward air will prefs up the water through the notched
foot 4, into the lower pipe, about as far ase: this
will condenfe the rarefied air in the pipe between
¢ and C to the fame ftate it was in before ; and
then, as its fpring within the pipe is equal to the
force or preffure of the outward air, the water will
rife no higher by the firlt ftroke ; and the valve &,
|| which was raifed a little by the dilation of the air
| in the pipe, will fall, and ftop the hole in the box
|l /7; and the {urface of the water will ftand at e.
|| Then, deprefs the pifton or bucket from C to B,
| and as the air in the part £ cannot get back again
| through the valve 4, it will (as the bucket defcends)
raife the valve ¢, and {fo make its way through the up-
| per part of the barrel 4 into the open air. But
| upon raifing the bucket G a fecond time, the air
| between it and the water in the lower pipe at e will
| be again left at liberty to fill a larger fpace; and
fo its {pripg being again weakened, the preflure of
the outward air on the water in the veflel K will
force more water up into the lower pipe frometo f 5
§land when the bucket is at its greateft height C, the
lower valve & will fall, and ftop the hole in the box
{| /] as before. At the next ftroke of the bucket or
{ pifton, the water will rife through the box H to-
|| wards B, and then the valve 4, which was raifed by
it, will fall when the bucket G is at its greateft
W height. Upon depreffing the bucket again, the
water

127



128

Of bydraulic engines.
water cannot be pufhed back through the valve 5,
which keeps clofe upon the hole whilit the pifton

defcends. And upon raifing the pifton again, the

outward preflure of the air will force the water up
through H, where it will raife the valve, and fol-
low the bucket to C.© Upon the next deprefiion 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 4, 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 {pace below the bucket being full,
the water above it cannot fink when it is next de-

' ﬁreﬂ‘ed; but upon its depreflion, the valve 2 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 bucketis

next raifed, all the water above it will be lifted up,
and begin to run off by the pipe ¥. And thus,
by raifing and deprefling the bucket alternately,
there-is ftill more water raifed by it ; which getting
over the pipe ¥, into the wide top Z, will fupply the
pipe, and make it run with a continued ftream.

So, at every time the bucket is raifed, the valve .

b rifes and the valve @ falls; and at every time the

bucket is depreflfed, the valve 4 falls and  rifes.
As it is the preflure of the air or atmofphere
which caufes the water to rife, and follow the pifton
or bucket G as it is drawn up ; and fince a column
of water 33 feet high is of equal weight with as
thick a column of the atmofphere, from the earth
to the very top of the air; therefore, the perpen-
dicular
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dicular height of the pifton or bucket from the
furface of the water in the well, muft always be
lefs than 33 feet; otherwife the water will never
get above the bucket. But, when the height is
Jefs, the prefiure of the atmofphere 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 bucker, 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 wich the weight of the water
above the bucket; without ever lengthening the

ftroke.

The force required to work a pump, will be as

the height to which the water is raifed, and as the
- fquare 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 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

ftrength to work it.

The widenefs or narrownefs of the pump, if any
other part befides that in which the pifton works,
does not make the pump either more or lefs dif-
ficult t0 work; except what difference may arife
from the fri¢tion of the water in the bore, which

| is always greater in a narrow bore than in a wide

one, becaufe of the greater velocity of the water:

upon which account, the wider the better.
The pump rod is never raifed directly by fuch a
handle as E at the top, but by means of a lever,
i whofg
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whofe longer arm (at the end of which the power
is applied) generally exceeds the length of the
fhorter arm five or fix times ; and, by that means,
gives five or {ix times as much advantage to the
power. Upon thefe principles, it will be eafy to
find the dimenfions of 2 pump that fhall work with
a given force, and draw water from any given
depth. But, as thefe calculations have been ge-
nerally negleted by pump-makers (either for want
of fkill or induftry) the following table was calcu-
lated by the late ingenious Mr. Booth for their be-
nefit. In this calculation, he fuppofed the handle
of the pump to be a lever increafing the power
five times; and had often found that a man can
work a pump four inches diameter, and 30 feet
high above the bucket, and difcharge 2%} gallons
of water (Englith wine meafure) in a minute.
Now, if it be required to find the diameter of a
pump, that fhall raife water with the fame eafe from
any other height above the bucket; look for that
height in the firft 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 dif-
charge in a minute.

Height

i SRl e S5
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FHei ght of the|Diameter of the{Water difcharged iny
| pump above bore where the| a minute, Englifh
the bucket®| bucket works. | wine meafure,
3 Sy . -
. 0 o = e
R eUR o
1o 6 .93 TR R
15 5 .05 54 4
20 4 .o 40 7B
25 4 .38 321 6
30 4 .00 g2
1 35 $ 79 23 .43
40 ;P 20 4
45 3 26 18
50 3. .10 18- 3
55 & 95 L
o 2 .83 13 8§
65 z .:7% - SR |
70 2 .62 ‘ 1Lk
75 2 s 10 7
80 - TS 1 3 10 2

The forcing pump raifes water through the box rFig. 4.

H in the fame manner as the fucking pump-dﬂes,rﬁf"“@
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 it
is deprefled to B, and the valve & (which rofe by
the afcent of the water through the box H when
the plunger ¢ 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 g and box A can neither get
| through the plunger upon its defcent, nor back
again into the lower part of the pump Le¢, but has
K 32 a freg
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a free paffage by the cavity m» into the pipe MM,
which opens into the air-veflel KK at P; the wa-
ter is forced through the pipe MM by the defcent

of the plunger, and driven into the air vefiel ; and
in running up through the pipe at P, it opens the

valve a; which fhuts at the moment the plunger
begins to be raifed, becaufe the action 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 GH I, and then begins to
condenfe the air in the veflel KK. For, as the pipe
G H is fixed air-tight into the veflel below F, and

the air has no way to get out of the veflel but

through the mouth of the pipe at I, and cannot
get out when the mouth 7 is covered with water;
and 1s more and more condenfed as the water rifes

upon the pipe, the air then begins to aé forcibly by

its {pring againft the furface of the water /: and
this action drwes the water up thrﬂugh the pipe
1HG F, from whence it fpouts in a jet § to a great
height; and is fupplied by alternately raifing and
deprefling of the plunger g, which conftantly for-
ces the water that it raifes, through the valve H,
along the pipe MM, into the air veflel K.

The higher that the furface of the water H is
raifed in the air-veflel, the lefs fpace will the air,
which before filled that veflel, be condenfed into ;
and therefore the force of its {pring will be fo much
the ftronger upon the water, and will drive it with
the greater force through the pipe at F': and as the
fpring of the air cogtinues whilft the plunger g is

rifing,
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rifing, the ftream or jet § will be uniform as long
as the action of the plunger continues: and when
the valve 4 opens, to let the water follow the plun-
ger upward, the valve ¢ fhuts, to hinder the water,
which is forced into the air veflel, from running
back by the pipe M M into the barrel of the pump.

If there were no air-veflel to this engine, the
pipe GHI would be joined to the pipe MMN at
P; and then, the jet § would ftop every time the
plunger is raifed, and run only when the plunger
is deprefied.

Mr. Newfbam’s water-engine, for extinguifhing

fire, confifts of two forcing pumps, which alter-
nately drive water into a clofe veffel of air; and
by forcing the water into thac veffel, the air in it
is thereby condenfed, and comprelies 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 ftream by the condenfation
of the air upon its furface in the veffel.

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

133

Firft, by a running ftream, or a fall of water. Plate XIL.
Let A4 be a wheel, turned by the fall of water™'s- *-

B B ; and have any number of cranks (fuppofe fix)
as C,D,E,F,G,H, on its axis, according to the
itrength of the fall of water, and the height to
which the water is intended to be raifed by the

X 3 . engine.
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A pump engine. As the wheel turns round, thefe cranks
;lgi.',;,e;f;_mave the levers ¢,d,e,f,g,b, up and down, by
ter. the iron rods 7,4,7,m,n,0; which alternately raife
and deprefs the piftons by the other iron rods
PGy 75 Sy by 14, W, x, Y, in twelve pumps ; nine whereof,
as L,M,N,Q,P,2,R,S,7T, 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 proceeds, the water will be forced into this
ciftern by the defcent of the piftons. And aseach
pipe, going from its refpective pump into the cif-
tern, has a valve at its end in the ciftern, thefe
valves will hinder the return of the water by the
pipes 5 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 in-
tended to raife it : which height depends upon the
quantity raifed, and the power that turns the wheel.
When the power upon the wheel is leflened by any
defect of the quantity of water turning it, a pro-
portionable number of the pumps may be laid
afide, by difengaging their rods from the vibrating

levers, |

This figure is a reprefentation of the engine
ereCted at Blenbeim for the Duke of Marlborough
by the late ingenious Mr. Alderfec. The water
wheel is 7 feet in diameter, according to Mr.

Switzer’s account in his Hydraulics.
When
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When fuch a machine is placed in a ftream that
runs upon a {mall declivity, the motion of the le-
vers and action of the pumps will be but flow;
fince the wheel muft go once round for each ftroke
of the pumps. But, when there is a large body
of flow running water, a cog or fpur wheel may
be placed upon each fide of the water wheel 4.4,
upon its axis, to turn a trundle upon each fides
the cranks being upon the axis of the trundle.
And by proportioning the cog wheels to the trun-
dles, the motion of the pumps may be made
quicker, according to the quantity and ftrengthhof
the water upon the firft wheel ; which may be as
great as the workman pleafes, according to the
length and breadth of the float-boards or wings
of the wheel. In this manner, the engine for raif~
ing water at London-Bridge is conftructed ; 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, A pump
and gentlemen want to have water raifed, and g%
brought to their houfes from a rivulet or {pring 5 horfes.
this may be effeCted by a horfe-engine, working
three forcing pumps which ftand in a refervoir
filled by the fpring or rivulet: the piftons being
moved up and down in the pumps by means of a
triple crank 4BC, which, as it is turned round by
the trundle G, raifes and deprefles the rods D, E, F.

The trundle may be turned by fuch a wheel as FFig. .
in Fig. 1. of Plate VIII. having levers 3,3, 7,7, on
its upright axle, to which horfes may be joined for
working the engine. And if the wheel has three

K 4 times
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times as many cogs as the trundle has ftaves or
rounds, the trundle and cranks will make three re-
volutions for every one of the wheel: and as each
crank will fetch a ftroke in the time it goes round,
the three cranks will make nine ftrokes for every
turn of the great wheel.

The cranks fhould be made of caft iron, be-
caufe that will not bend; and they fhould each
thake an angle of 120 with both of the others, as
at g, b,c3 which is (as it were) a view of their radr7,
in looking endwife at the axis: and then, there
will be always one or other of them going down-
ward, which will pufh the water forward with a
continued ftream incto the main pipe. For, when
& is almoft at its loweft fituation, and is therefore
juft beginning to lofe its ation upon the pifton
‘which it moves, ¢ is beginning to move down-
ward, which will by its pifton continue the pro-
pelling force upon the water: and when ¢ is come
down to the pofition of /, 4 will be in the pofition
or ¢.

The trundle may be either on the upper or under
fide of the rim of the great wheel, at the difcre-
tion of the workman.,

The more perpendicularly the pifton-rods move
up and down in the pumps, the freer and better
will their ftrokes be: but a little deviation from
the perpendicular will not be material. Therefore,
when the pump-rods D, £, and F go down into
a decp well, they may be moved direétly by the
cranks, as is done in a very good horfe-engine of
this fort ac Sir Fames Creed’s, which forces up wa-

ter
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ter about 4o feet from a well under ground, to a re-
fervoir on the top of his houfe at Greenwich. 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 Blenkbeim : and the
longer the levers are, the nearer will the ftrokes be
to a perpendicular.
Let us fuppofe, that in fuch an engine as Sir A calcula-
tion of the
James Creed’s, the great wheel is 12 f'em: diameter, quaniity of
the trundle 4 feet, and the radius or length of each Water e
crank to be g inches, wcrkmg a pifton in its pump. railed by
Let there be three pumps in all, and the bore of "“‘if‘m*
each pump be four inches diameter.  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 revolution of the horfes
and wheei, and the three cranks will make nine
ftrokes of the pumps in that time, each ftroke be-
ing 18 inches (or double the length of the crank)
in a 4 inch bore. Let the diameter of the horfe
walk be. 18 fect, and the perpendicular height to
which the water is raifed above the furface of the
well be 64 feer,
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 9
ftrokes in the pumps, which amount to 1683 in an
hour.
Each ftroke raifes a column of water 18 inches
long, and 4 inches thick, in the pump-barrels;
which column, upon the defcent of the pifton, is
' forced
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forced into the main pipe, whofe perpendicular al«
titude above the furface of the well is 64 feet.
Now, fince a column of water 18 inches long
and 4 inches thick, contains 226.18 cubic inches,
this number multiplied by 1683 (the ftrokes in an
hour) gives 380661 for the number of cubic inches

of water raifed in an hour.

A gallon, in wine meafure, contains 231 cubic
inches, by which divide 380661, and it quotes
1468 in round numbers, for the number of gallons
raifed in an hour; which, divided by 63, gives
26+ hogfheads.—If the horfes go fafter, the quan-
tity raifed will be fo much greater.

In this calculation it is fuppofed that no water is
wafted by the engine. But as no forcing engine
can be fuppofed to lofe lefs than a fifth part of the
calcu)ated quantity of water, between the piftons and
barrels, and by the opening and fhutting of the
valves, the horfes 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 averdupoife, or 424+';
pounds troy; and this weight, together with the
friction of the engine, is the refiftance that muft
be overcome by the ftrength of the horfes.

The horfe-tackle fhould be {o 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 traces will rub againft their fides
and hams ; which will hinder them from drawing
at right angles to the levers, and fo make them

vuil at a difadvantage. But if they pufh the lever
before
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before their breafts, inftead of dragging it behind
them, they can always walk at right angles to it.

It is no ways material what the diameter of the
main or conduct pipe be: for the whole refiftance
of the water therein, again{t the horfes, will be ac-.
cording to the height to which it is raifed, and the
diameter of that part of the pump in which the
pifton works; as we have alreally obferved. So
that by the fame pump, an equal quantity of water
may be raifed in (and confequently made to run
from)a pipe of afoot diameter, 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 per-
pendicular height to which it is raifed therein above
the level of the fpring. So that the fame force, Fig. 1.
which would raife water to the height 4B in the
upright pipe Aiklmnopg B, will raife it to the fame
height or level B/H in the oblique pipe 4 F FGH.
For the preflure of the water at the end A4 of the
latter, is no more than its preflure againft the end 4
of the former.

The weight or preffure of water at the lower
end of a pipe, is always as the fine of the angle
to which the pipe is elevated above the level or ho-
rizon, For, although the water in the upright
pipe 4B would require a force applied immedi-
ately to the lower end 4 equal to the weight of all
the ‘water ip it to fupport the water, and a little
| more
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more to drive it up, and out of the pipe; yet, if
that pipe be inclined from its upright pofition to an
angle of 8o degrees (as in A 80) the force required
to fupport or to raife the fame cylinder of water
will then be as much lefs, as the fine 8o 4 is lefs than
the radius 4B ; or as the fine of 8o degreesis lefs
than the fine of go. And fo, decreafing as the
{ine of the angle of elevation lefiens, until it ar-
rives at its level 4C 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 pofitions, yet its preflure
at the lower end decreafes, as the fine of the angle
of elevation decreafes; as will appear plainly by
a farther confideration of the figure.

Let two pipes, 4B and BC, of equal lengths
and bores, communicate with one another at 4 ;
and let the pipe 4B be divided into 100 equal
parts, as the fcale § 1s; whofe length is equal to
the length of the pipe.—Upon this length, as a

‘radius, defcribe the quadrant BC D, and divide it

into go equal parts or degress.

Let the pipe AC be iilied with water, and ele-
vated to 10 degrees upon the quadrant; 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 4B from A4 to i; that is, to a level
i 10 with the mouth of the pipe at 10: and the
upright line 4 10, equal to 44, will be the fine of
10 degrees elevation ; which, being meafured upon
the fcale §, will be about 17.3 of fuch parts as the
pipe contains 100 in length : and therefore, the force

or
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or preflure of the water at 4, in the pipe 4 10, will
be to the force or preflure at A in the pipe 4B, as
17.3 to 100,

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

Elevate the pipe to the pofition 4 30 on the
quadrant, and if it be fupplied with water, the
water will rife from it, into the pipe 4B, to the height
Al or to the fame level with the mouth of the
pipeat 30. The fine of this elevation, or of the an-
gle of 30 degrees, is ¢ 30; which is juft equal to
half the length of the pipe, or to 50 of fuch parts
of the fcale, as the length of the pipe contains 100.
Therefore, the preffure of the water at 4, in a pipe
elevated 30 degrees above the horizontal level, will
b= equal to one half of what it would be, if the
fame pipe ftood upright in the fituation 4 B.

And thus, by elevating the pipe to 40, 50, 6o,
70, and 8o degrees on the quadrant, the fines of
thefe elevations will be d 40, ¢ 50, f 60, g 70,
and /4 8o; which will be equal to the heights 7,
An, Ao, Ap, and Aq: and thefe heights meafured
upon the fcale § will be 64.3, 76.6, 86.6, 03.9,

and
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and 98.5; which exprefs the preffure at A4 in all
thefe elevations, confidering the preffure in the up-
right pipe 4B 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 fhall here annex a table thewing 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 divided only into 100 equal parts,
the laft figure of each part or fine muft be cut off
as a decimal; and then thofe which remain at the
left hand of this feparation will be integral or whole
parts.

ESine fParts)| Sine (Parts|| Sine |Parts] | Sine {Parts] | Sine |Parts
of of of of of

D. 1} 17||D.1g9}325|{D.37| 6c3] [ Diss| 819||D.72] 956

2] 390 20342 ] 138|616 56} 829 74| 961

3 sz|| =21j358|| 39|620/| s57{839]| 75| 966

4l 7ofl 23:375|] 40|643|| 58{343|]] 976} 970

s| 874y =23(391|| 4r|6s6(| soi3s7]| 77| 974

6] 104 241407 42| bbg 6o | 866 78| 978

7]1122 25423 43| 632 bri875 79| 982

8139 261418 44| 6gg 6z 881 8o| 98;

9|156]| 27454 ||l 4s5|707|| 63|B0r|| 81| 938

10 173 23i4ﬁg 46| 719 64898 82| ggo

tr| g1l 29,485 | 47,731 | 65igo6f| 83| goz

12 | 208 30§ 500 43| 743 66 g13 84| o904

T3| 225 BIg535 49 755 67 | 920 851 096

14|24z || 32|530(] sof766{1 63lg2y|l 861 gg7
15012590| 33(545( s¥|777!| 69lo33]| 87| 9¢d
16{a751l 34ls59(] 52 788! 7olozg|| 83| gog
171292 || 35i573{] 53 799!| 77|oas|| 89| 999
12| 300 36] 538 54 Bog'| 972|951 9o | Ioco

Thus, if the radivs of the quadrant (fuppofed
to be equal to the length of the pipe 4C) be di-
" vided
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vided into 1000 equal parts, and the elevation be
45 degrees, the fine of that elevation will be equal
to 707 of thefe parts : but if the radius be divided
only into 100 equal parts, the fame fine will be
only 70.7 or 70 of thefe parts. For, as 1000
1s to 707, fo is 100 to 70.7.

As it is of the greateft importance to all engine-
makers, to know what quantity and weight of wa-
ter will be contained in an upright round pipe of 2
given diameter and height; fo as by knowing what
weight is to be raifed, they may proportion their
engines to that force; we fhall fubjoin tables fthew-
ing the number of cubic inches of water contained
in an upright pipe of a round bore, of any dia-
meter from one inch to {ix and an half; and of any
height from one foot to two hundred: together
with the weight of the faid number of cubic inches,
both in troy and averdupoife ounces. The number
of cubic inches divided by 231 will reduce the
water to gallons 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 averdupoife
ounces divided by 16 will reduce the weight to aver-
dupoife pounds.

And here I muft repeat it again, that the weight
or preflure of the water, a&ing againft the power
that works the engine, muft 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 diameter of that pipe were jult equal
. to
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to the diameter of that part of the pump in which
Thus, by the following tables,
the preflure of the water, againft an engine whofe
pump is of a 4% inch bore, and the perpendicular
height of the water in the conduct pipe is 8o feet,
will be equal to 8o57.5 troy ounces, and to 8848.2
averdupoife ounces ; which makes 671.4 troy
pounds, and 553 averdupoife.

the pifton works.

e

One inch diameter. 11 inch diameter.
S selidity (Weight |In aver-|| ™ Solidity {Weight In aver-}
® lin cubic in troy [dupoile ,'—"-Ijn cubic iin troy dupoife
E inches. lounces. luunces. E inches, lounces. :auntns.
4 | | E
1 g-42 4.97 5.45 -“; 21,10 1i.1¢g lz.zgir
at 33,851 w9g.95] 10.02 | 2} 4241 22.38 24.53)
31 28.27} 14.92] 16.38| 3 63.621 33.57 36,87
4 37:70] 19.8: :.r.'.‘:g; 4] 84.82, 44.76] 49.16
_§]_47.12 -zq_._‘.fi; 27.31 gl 106,091 55.95] ©..48
“l 6] s5t.551 29.24f 32.77/| 6 127.23 E?.m 73:73
71 65.97] 31.8:| 138.23 7l 147:44 785.94] B6.02
8] 7-.40| 30.79| 43.69 169.65) S9.531 98.31
b o] 84.32] 44.7¢ 49.16| g| 190.85) 1c0.72| 110,60
10| Gd.25 40.7 c4.62/| ol 27z 06) 1:1.g9°| 122.8¢
20| 18%.49] 09.48 ';rg.:qj 2ol 424.11) 223,82 245.78
40; 282.74] 140.27 :ﬁ].Eﬁl }oll b.6.17] 33:.73] 368.67]
4o 376.99] 198.95) 218.47|| 40 BaB.>3 447.64] 491.57
50| 471.23] 248.69g| 273.09|| 5o|1cbo. 29! € g9.55| 614 48;
6o| 565.49 293._4-.3 127,71 _'_ﬁ.f 272,34 671,46 _737.358
70| €.9.73] 348.17| 382.33|| 70 1484.40] 783.37| 860,24
8a| 753.98] 397.90| 436.95 80/1696.46] 395.28) 983.14)
go| 843.23) 447.64| 491.¢7 grirg:_3+5¢|r¢a?,:g 1106.03
To | 942.48] u9 .38| 546.19/|100 2120.581119.c9|1228.02
200{1334.96 094.70(1292.38|1200,4241.15'2238.18]2457.8¢

Example. Reguired the number of cubic inches,
ard the weight of the water, in an upright pipe 278
Jeet bigh, and 1} inch diamcter ?

Here,
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Here, the neareft| e Cubic Troy  Averd.

i : inches 0z. O,
‘ﬁngle decimal figure 200—4241.1—2238.2—2457.8
is only taken into 90—1484.4— 783.3— 860.2

the account ; and thel 8— 169.6— 89.5— ¢8.3

whole being reduced|Anf. 278—58¢5.1—3111.0~3416.3

by divifion, amounts
to 25+ wine gallons in meafure ; to 259 pounds
troy, and to 2134 pounds averdupoife.

2 Inches diameter. ‘|| 21 Inches diameter.
o' |Solidity |Weight |In aver. _‘é'i Solidity IWeight In aver-
& lin cubic jin troy |dupoife || 5| in cubic in troy  dupoife
Z'|inches, [ounces. founces. || =| inches, jounces. lounces,
E 5 [Eeed
1} 37.79{ 19.89f 21.85(| I 58.90] 31.08| 34.14
2| 75.40] 39.79] 43.69 2] 117.88 62.17] 68.27
g} 113,09} 59.68f 6s5.54/| 3| 176,71 93.26] 102.41
4| 150.79] 79.5% 87.39|| 4| 235.62; 124.34) 136.55
_5|_188.49] 99.47| 109:24/| 5| 294-52| 155.43] 170.63
6| 226.19] 119.37| 131.08|| 6| 353.43} 186.52] 204.32)
71 263.8g] 139.26] 152.93|| 7| 472.33] 217.60] 238.9
8| 3or.50] 159.16] 174.78|| 8| 471.24] 248.60] 273.09
9| 339.29| 179.05] 796.63|| o s5310.14] 279.77] 307.23
‘10! 376,99} 193.95| 218.47| 10| 589.05) 310,86 341.37
20} '753.98 39;.3:: 436.95|| 20| 1178.10] 621.72] 682.73
30{1130.97] 596.85] 665.42|| 30| 1767.15] 932.58]1c24.1

1507.96| 795.50| 873.90]| 40| 2356.207243.44{1365.47
1384.96] 994.75|1092.37|| 50| 2545.25|1554.30/1706.83
2261.95|1193.70{1310.84|| 60| 3514.29{1865.16{2048.20
70(2633.04{1392.6 5}1529.32/ 70| 4123.34}2176.02{2389.57
So0{3c15.93|1591.60|1747.8¢|] Bo| 4712.39{2486.88|2730.9
903392.92|£790.55|1966.27]| gof 5301.4412797.74{3072.3
100 3]’ﬁg.gl 1989.50{2184.75|100| 5890.49]|3108.60|2413.67
200|7539.82|3979.00 4365-;59 200,11780.9816217.2014827.34

§o

ol
oo

Thefe tables were 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 computing to hun-
el dreth
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3 Inches diameter. 37 Inches diameter.
a|solidity [Weight |In avené = [Solidity Weight [In aver-
A lin cubiclin troy |dupoife || ©in cubicin troy jdupoife
=llinches. ounces. founces. || E.jinches. lounces. founces.
e % ‘

I 84.8]" 44.76] 49.16 3}, 116.4 6o.g 66.91
z| 169.6] 89.531 g8.31 2| 230.9] 121.8] 133.8
3| 254-5] 134.29| 147.47|| 3] 346.4] 182.8/ z200.7
4] 239-3] 179.05| 196.63/| 4| 461.8] =243.7| 267.0
5| 424-1) 223.82f 245.78/ 1 5| §77.3] 304.6] 334.5}
6] 508.9] 268.58 294;.94 6] 69z2.71 365.6] 401.4
7| 5937 313-35| 344.10/ 7| 8082 426.5] 4068.3
8] 698.6] 358.11] 393.25|| & 923.6} 487.4| 535.3
9| 763.4| 402.87| 442.41|| c¢f 1039.1] 548.31 60z2.2
1c| 848.2f 447.04| 491.57|| 10| 1154.5] 60g.2| 659.1
20| 1696.5| 895.28] 983.14|| 20| 2309.1] 1218.6] 1338.2
$c| 2544.7|1342.92|1474.70 | 3c| 3463.6] 1827.8] 2007.2
40| 3392.9|1760.55/19606.27] | 4c| 4618.1] 2437.1] 2676.3
50| 4241.112238.1912457.84/ | 50| §772.7| 3046.4| 33454
6of 5089.4|2685.83/1249.41|| 60| 6g27.2} 3655.7| 4014.5
70| 5637-613133.47)3440.98| | 70| 8081.7| 4265.0] 4683.5
80| 6785.8[3581.1113932.55| | 8c| 9236.3] 4874.3] 5352.6
gol 7634.1{4c28.75|4424.12|| go|103g0.8| 5483 6} €021.7
106 8482 3/4476.36|4915.68| |100|11545.4] 6092.8] 66g0.8
200116664.6{8952.78]9821.36| |200|23090.7{12185.7[13381.5

dreth parts of an inch or of an ounce in pratice.
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 conftructed.

The folidity of cylinders are found by multiply-
ing the areas of their bafes by their altitudes. And
ARCHIMEDES gives the following propor-

Lion



Hj'df@ﬁ’m‘imf tables.

.ﬂ: Inches diameter. 4% Inches diameter.
=|Solidity [Weight [In aver-}| 71Solidity {Weight |in aver-
Slin cubiclin troy |dupoife || 2 lin cubicin troy {dupoife |
=|inches. jounces. founces. | Zlinches. lounces. |ounces.
= =

1} 150.8] 79.6] 87.4}1 1] 1c0.8] 100.7] 110.6
2| 301.6] 159.2) 174.81 2| 381.7] 201.4] =zz21.2
T 31 452-4] 238.9] 262:2]1 3| s572.6] 302.2] 331.8}
1 4] ©03.2 318.3] 349.6| 4| 763.4] 402.9] 4424
5| 7539 4979} 436-9{| 5| 954-3] 593.6] 553.9
6] ©04.8] 477.5] 52431 6] 1145.1] 604.3f 663.6
71 1055.61 §s7.1} 61070l 7| 1337.9] 7o50] 774.2
8] 1205.4] 636.6] 6g9q.1}| &} 1520.8] 8oz.7| £84.8
¢l 1357.2) 716.2] 786.5ll of 17:17.71 cob.5| 9354
10| 1508.0f 795.8] 873.9]] 10| 1908.5{ 1007.2| 1106.0f

zc| 3115.9] 1501.6] 1747.8f 20| 3817.0f 2014.4] 22121
30| 4523.9] 2387.4] 2621.7}| 30| 5725.6] 3021.6| 3818 1
40| 6031.9] 3183.2| 3495.6}| 40| 7634.1| 4028.7| 4424.1
50| 7539-8{ 3997-0 4369-5}| 50| 9542.6 §035-9] 5530.1
60| go47.81 4774.8] 5243.3}| boft1451.1| 6o43.1| 6636.2

— 3

sol10555.8] §570.€| 6117.3§1 70|13359.6| 7050.3| 7742.2
8cl12063.7| 6366.4| 6ag1.2§| 80]15268.2] 8077 .5| 8848.2
go[13571.7| 7162.2| 7865.1}} goli7176.7] 9cb4.7| 9954.3
1coj15079.7) 7958.c| 8739 ofjrocfigods. 21007 1.0111060.3
20C 39:59_3.15916,0194?80 zc0|38170.4)20143.8|22120.6

tion for finding the area of a circle, and the folidity
of a cylinder raifed upon that circle.

As 1 is to 0.7853349, fo is the fquare of the dia-
meter to the area of the circle. And, as 1 1sto
0.785339, fo is the {quare of the diameter multi-
plyed by the height to the folidity of the cylinder.
By this analogy the folid inches and parts of an

L2 inch
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48 Hydroftatical tables.

5 Inches diameter. £ Inches diameter.
=1Solidity [Weight [In aver- “[Solidity [Weight |In aver-
& iin cubiclin troy |dupoife || 2lin cubiclin troy |dupoife
o= finches. |ounces. founces. || Zinches. ounces. jounces.
= =

1| 235.6] 124.3] 136:5(} 3| 285.1} 1504 164.3
21 o7 h 2l 524871 £27 5.1 2| §70.2| 300.9|] 328.5
3| 706.8] 373.00 409.6| 3| 8s55.2| 451.4] 492.8
4| 492.5| 497.4] 546.2|| 4| 1140.4] 601.8] 657.1
5| 1178.0] 621.8 682.7|| 5| 1425.50 752.3] 821.3
6| 1413.7] 746.1] 819.3|| 6] 1710.6] goz.7] ¢8s.6|
7| 1649.3] 8&70.4| 955.8|| 7| 1995.7| 1053.2| 1149.9
8| 1884.9] 994.7| 1c9z.4|| 8| 2280.8] 1203.6] 131441
9| 2120.6 1119.1] 1228.9/| 9| 2565.9| 1354.1} 1478.4
10| 2356.2] 1243.4| 1365.5/| 10| 2851.0] 1504.6] 1642.7
20| 4712.4| 2486.9| 2730.9|| 20| 5702.0| 3009.1| 3285.4
, 30| 7068.6 3730.3| 4096.4/ | 30| 8553.0] 4513.7| 4928.1
40| 2424.8| 4973.8] 5461.9|| 40[11404.c| 6018.2{ 6570.8}
so{11781.0] 6217.2| 6827.3!| 50l14255.0| 7522.9| 8213.¢
60|14137.2| 7460.6| 8192.8|| 60o{17106.0| 9027.4| 9856.2
70]16493.4| 8704.1| 9558.3}| 70/19957.0{10531.9}1 1498.9}
8c|18849.6| 9947.5/10923.7|| 80l22808.0l12036.5(13141.6
9o|21205.811190.9/12289.2| | §0|25659.0[13541.1|14784.3
100|23561.9|12434.4|13654.7| |100|285 10.0{15045.6}16426.9}
'200l47123.9'24868.8127309. 3| 1200/57020.0|30091.2132853.8|

inch in the tables, are calculated to a cylinder 200
feet high, of any diameter from 1 inch to 6%
inches ; and may be continued at pleafure.
The weight ~ And as to the weight of a cubic foot of running
of running . -
wawer, = water, it has been often found upon trial, by Dr.
Wyberd and others, to be 76 pounds troy, which
is equal to. 62.5 pounds averdupoife. Therefore,
fince



Hydroftatical tables.

6 Inches diameter. 63 Inches diameter.
=] Solidity |Weight |In aver-]| =|Solidity [Weight |In aver-
A |in cubiclin troy |dupoife {| & lin cubicin troy |dupoife
n_'%'finchﬂs. ounces. {ounces, u%inthes. ounces. |ounces,
= i
1| 339:3] ¥79.0fF 196.6]| 1] 3g8.2| 210.1] 230.7}
2| 678.6] 358.11 393.3|| 2| 797.4] 420.3] 461.4}
3| 1o17.9| §37.2 589.9{| 3| 1195.6] 630.4] OGgz.1f
4 1357.2| 716.2f #%86.5|1 4| 1593.8] 840.6| gz2.8
5| 1696.5] 895.31 983.1}] si 1991.9| 1050.8| 1153.6
6| zo35.7| 1074.3| 1179.8]| 6| 2390.1] 1260.9| 1384.3
| 7| 2375.9| 1253.4 1376.41| 7| 2788.3| 1471.1] 1615.0
8| 2714.3| 1432.4] 1573.0]| 8| 3186.5| 1681.2| 1845.7
gl 3053.6] 1611.5] 1769.6/| 9| 3584.7| 1891.3| 2076.4
10| 3392.¢| 1790.6| 1966.3|| 10| 3982.9{ 2101.5| 2307.1
2¢| 6785.8] 3581.1| 3932.5|| 20| 7965.8| 4202.9| 4614.3
3o[10178.8) 5371.7| §898.8]| 30/11948.8| 6304.4| 6921.4
40|13571.7| 7162,2| 7865.1}| 40|15931.7| 8405.9| 9228.6
50{16964.6| 8952.8] 9831.4]| 50/19914.6/10507,4/11535.7
60|20357.5|10743.3|11797.6[ | 60]23897.6{12608.9|13842.9
} 70|23750.5(12533-9/13763.9| | 70|27880.5|14710.4|16150.0}
| 80|27143.4{14324.4/15730.2] | 80|31863.4/16811.818457.2|
90[30536.3{16115.0176g6.5{ | 90|35846.3(18913.5/20764.3
* }100|33929.2(17905.6 14662.7| |100|39829.3|21014.8{23071.5
200{67858.4/35811.2 39325.4| |200]79658.6]42029.6|46143.0

fince there are 1728 cubic inches in a cubic foot,
a troy ounce of water contains 1.8949 cubic inch ;
and an averdupoife ounce of water 1.72556 cubic
inch. Confequently, if the number of cubic inches
contained 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
averdupoife

L 3
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The fire-
EngIiE.

Cf bydraulic engines.
averdupoife cunces. 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 ex-
plained : but as it would be difficult, even by the
beft plates, to give a particular defcription of its fe-
veral parts, fo as to make the whole intelligible,
I thall only explain the principles upon which it
is conftructed.

1. Whatever weight of water is to be raifed,
the pump-rod muft be loaded with weights fuf-
ficient for that purpofe, if it be done by a forcing-
pump, as is generally the cafe: and the power of
the engine muft be fufficient for the weight of the
rod, in order to bring it up. ,

2. It is known, that the atmofphere prefles
upon the furface of the earth with a force equal to
15 pounds upon every Iquare inch.

3. When water is heated to a certain degree, the
particles thereof repel one another, and conftitute
an elaftic fluid, which is generally called feam or
vapour .

4. Hot fteam is very elaftic; and when it is
cooled by any means, particularly by its being
mixed with cold water, its elafticity is deftroyed
immediately, and it is reduced to water again.

5. If a veffel be filled with hot fteam, and then
cloied fo, as to keep out the external air, and all
other fluids; when that fteam is by any means con-
denfed, cooled, or reduced to water, that water
will fall to the bottom of the veffel ; and the ca-
vity of the veffel will be almoft a perfe¢t vacuum.

6. Whenever



Of hydraulic engines.

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

7. The force with which the pifton is drove
down, when there is a vacuum under it, will be
as the fquare of the diameter of the bore in the fy-
ringe. Thatis to fay, ‘it will be driven down with
four times as much force in a fyringe of a two inch
bore, asin 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 every {quare inch, it will be
equal to about 12 pounds upon every circular
inch.  So that if the bore of the fyringe 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 2 inches diameter, the pifton
will be preft down with 4 times that force.

And hence it is eafy to find with what force the
atmofphere prefles upon any given number either of
{quare or circular inches.

Thefe being the principles upon which this en-
gine is conftructed, we fhall next defcribe the chief
working parts of it : which are, 1. A boiler. 2. A
cylinder and pifton. 3. A beam or lever.

L 5 : The
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Of hydraulic engines.

The &oiler is a large veflel, generally made nf
iron or copper ; and commonly fo big, as to contain
about 2000 gallons.

The cylinder is made about 40 inches diameter,
bored fo fmooth, and its 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 upright, and the fhank of the pifton is fixed
to one end of the beam, which turns on a center
like a common balance.

The boiler is placed under the cylinder, with a
communication between them, which can be opened
and fhut occafionally.

The boiler is filled about half full of water, and
a ftrong fire is made under it: then, if the com-
munication between the boiler and the cylinder be
opened, the cylinder will be filled with hot fteam ;
which would drive the pifton quite out at the top
of it. But there is a contrivance by which the
pifton, when it is near the top of the cylinder,
thuts the communication at the top of the boiler
within.

This is no fooner fhut, than another is opened,
by which a little cold water is thrown upwards in
a jet into the cylinder, which mixing with the hot
fteam, condenfes it immediately ; by which means
a vacuum is made in the cylinder, and the pifton
is prefled down by the weicht of the atmofphere ;
and f{o lifts up the loaded pump-rod at the other
end of the beam.

If

|
f
|
|




Of hydraulic engines.

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

But, as the parts of this engine have a good
deal of friftion, and muft work with a confiderable
velocity, and there is no fuch thing as making a
perfe¢t vacuum in the cylinder, itis found that no
more than 8 pounds of preflure muft be allowed
for, on every circular inch of the pifton in the cy-
linder, that it may make about 16 ftrokes in a mi-
nute, about 6 feet each. |

Where the boiler is very large, the pifton will
make between 20 and 25 ftrokes in a minute, and
each ftroke 7 or 8 feet; 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 dia-

meter and length of a pump, that can be worked
by any other cylinder.

For the conveniency of thofe who would make
ufe of this engine for raifing water, we fhall {fub-
join part of a table calculated by Mr. Beighton,
fhewing how any given quantity of water may be
raifed in an hour, from 48 to 440 hogtheads ; at
any given depth, from 15to 100 yards; the ma-

chine

153



154

Of bydraulic engines.
chine working at the rate of 16 ftrokes per mi-
nute, and each ftroke being 6 feet long.

One example of the ufe of this table, will make
the whole plain. Suppofe it were required to draw
150 hogtheads per hour, at go yards depth ; in the
fecond column from the right hand, I find the
neareft number, viz. 149 hogftheads 40 gallons,
againft which, on the right hand, I find the dia-
meter of the bore of the pump muft be 7 inches ;
and in the fame collateral line, under the given
depth go, I find 27 inches, the diameter of the
cylinder fit for that purpofe.—And fo for any
other,

A Table
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Hydraulic table.

&

This table is calculated to the mealur

at 282 cubic inches per gallon.
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156 Of bydraulic engines.

Plate XIIL..  Water may be raifed by means of a ftream 4B

i curning a wheel CDE, according to the order of
the letters, with buckets 4, 2, 4,4, &c. hung upon
it by ftrong pins 4,4,5,8, &c. fixed in the fide of
the rim: but the wheel muft be made as high as
the water is intended to be raifed above the level of
that part of the ftream in which the wheel is placed.
As the wheel turns, the buckets on the right hand
godown into the water, and are thereby filled, and
go up full on the left hand, until they come to the
top at K; where they ftrike againft the end # of
the fixed trough M, and are thereby overfet, and
empty the water into the trough ; from which it
may be conveyed in pines to the place which it is
defigned for: and as each bucket gets over the
trough, it falls into a perpendicular 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 piece #, which going over the top or crown
of the bar m (fixed to the trough M) 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 axis; and then, inftead of buckets
hung upon it, its {pokes ¢, d,e,f,g,b, are made
of a bent form, and hollow within ; thefe hollows
opening into the holes G, D, E, F, in the outfide of
the wheel, and alfo inte thofe at O in the box N
upon the axis. So that, as the holes C D, &c. dip
into the water, it runs into themn ; and as the wheel
turns, the water rifes in the hollow fpokes ¢, d, &c.

and



Of the [pecific gravities of bodies. 159
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 is a very eafy way
of raifing water, becaufe the engine requires nei-
ther men nor horfes to turn it.

The art of weighing different bodies in water, Of the fpe-
and thereby finding their fpecific gravities, or weights, S &V
bulk for bulk, was invented by ARCHIMEDES; dies.
of which, we have the following account.

Hiero, king of Syracufe, having employed a gold-
{mith to make a crown, and given him a mafs of
pure gold for that purpofe, fufpetted that the work-
man 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 out the truth of that matter, referred it to Ar-
chimedes ; who having ftudied a long time in vain,
found it out at laft by chance. For, going into a
bathing tub of water, and ebferving that he thereby
raifed the water higher in the tub than it was be-
fore, he concluded inftantly that he had raifed it
juft as high as any thing elfe could have done, that
was exactly of his bulk : and confidering that any
other body of equal weight, and of lefs bulk than
himfelf, 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 muft
be of lefs bulk, according to its weight, than any
other metal. And therefore, he defired that a
mafs of pure gold, equally heavy with the crown

when
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when weighed in air, fhould be weighed againft it
in water ; and if the crown was not allayed, it
would counterpoife the mafs of gold when they
were both immerfed in water, as well as it did
when they were weighed in air.  But upon making
the trial, he found that the mafs of gold weighed
much heavier in water than the crown did. And
not only fo, but that, when the mafs and crown
were immerfed feparately in one veflel of water,
the crown raifed the water much higher than the
mafs did ; which fhewed it to be allayed with fome
lighter metal that increafed its bulk. And fo, by
making trials with different metals, all equally
heavy with the crown when weighed in air, he
found out the quantity of allay in the crown.

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 fiuid will fink to the bot-
tom, if it be heavier than its bulk of the fluid.
If it be {ufpended therein, it will lofe as much of
what it weighed in air, as its bulk of the fluid
weighs. Hence, all bodies of equal bulk, which
would fink in fluids, lofe equal weights when fuf-
pended therein. And unequal bodies lefe in pro-
portion to their bulks.

The hydr--  'The bydroftatic balance differs very little from a
flatic ba- common balance that is nicely made: only it has
a hock at the bottom of each fcale, on which fmall

weights may be hung by horfe-hairs, or by filk
threads.
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threads. So that a body, fufpended 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, attHhﬁ‘i?fﬂﬁE'd
one end of the balance, be firft counterpoifed in gr:.,,ﬂ;ﬂﬂ?
air by weights in the oppofite fcale, and then im-any body.
merfed in water, the equilibrium will be imme-
diately deftroyed. Then, if as much weight be
put into the fcale from which the body hangs, as
will reftore the equilibrium (without altering the
weights in the oppofite fcale) that weight which
reftores the equilibrium, will be equal to the weight
of a quantity of water as big as the immerfed
body. And if the weight of the body in air be
divided by what it lofes in water, the quotient will
thew how much that body is heavier than its bulk
of water. Thus, if a guinea fufpended in air,
be counterbalanced by 129 grains in the oppofite
fcale of the balance; and then, upon its being im-
merfed in water, it becomes fo much lighter, as to
require 7+ grains put into the fcale over it, to re-
ftore the equilibrium, it fhews that a quantity of
water, of equal bulk with the guinea, weighs 7-
grains, or 7.25 ; by which divide 129, (the aerial
weight of the guinea) and the quotient will be
17.793 3 which fhews that the guinea is 1%7.793
times heavier than its bulk of water. And thus,
any piece of gold may be tried, by weighing it firft
in air and then in water; and if upon dividing the
weight in air by the lofs in water, the quotient
comes out to be 17.793, the gold is good; if
the quotient be 18, or between 18 and 19, the

gold
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gold is very fine; but if it be lefs than 172, the
gold is too much allayed, by being mlxed with
fome other metal.

If filver be tried in this manner, and found to
be 11 times heavier than water, it is very fine ; if
it be 10% times heavier, it is ftandard ; but if i¢
be of any lefs weight compared with water, it i§
mixed with fome lighter metal, fuch as tin.

By this method, the fpecific gravities of all bo-
dies that will fink in water, may be found. But
as to thofe which are lighter than water, as moft
forts of wood are; the following method may be
taken, to thew 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
fcale 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 veflel; then pour water into the veffel, and
the body will rife and float upen 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, fo as to pull the body
down into the water by means of the lever; and
this weight in the {cale will fhew how much the
body is lighter than its bulk of water.

There are fome things which cannot be weighed in
this manner, fuch as quickfilver, fragments of
diamonds, &c. becaufe they cannot be f{ufpended

iR
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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 {cale. Thus, fuppofe you want to know
the fpecific gravity of quickfilver, with refpect to
that of water; let the empty bucket be firft coun-
terpoifed in air, and then the quickfilver put into
it and weighed. Write down the weight of the
bucket, and alfo 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 bucket in the water, which
will caufe it to preponderate; and, put as much
weight into the fcale as will reftore the balance to
an equipoife ; and this weight will be the weight
of -a quantity of water equal in bulk to the quick-
filver. Laftly, divide the weight of the quick-
filver in air by the weight of its bulk of water,
and the quotient will thew how much the quick-
filver is heavier than its bulk of water.

If a piece of brafs, glafs, lead, or filver, be
immerfed and fufpended in different forts of fluids,
its different lofles of weight therein will fthew how
much it is heavier than its bulk of the fluid 5 zhat
fluid being the lighteft, in which the immerfed
body lofes leaft of its aerial weight. A folid bub-
ble of glafs is generally ufed for finding the fpe-
cific grawties of fluids. |

Hence we have an eafy method of finding the
fpecific gravities both of folids and fluids, " with
regard to their refpective bulks of common pump

M water,
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Of the fpecific gravities of bodies.
water, which is generally made a ftandard fur com-
paring all the others by.
In conftruéting tables of fpecific gravities with
accuracy, the gravity of water muft be reprefented

by unity or 1.000, where three cyphers are added,

to give room for exprefling the ratios of ether gra-
vities, as in the following table,

A Table of the fpecific gravities of feveral folid
and fluid bodies.

Lroy weight. | Averdup. |Compa-,
A cubic inch of - --[rative
foz. pw. gr. [|oz. drams. [weight.

Very finegold — —lio 7 3.83]1 ¢,80| 19,637
|Standard gold — —} 9 19 6,44|10 14,00| 18,888
{Guinea gold —— —l'9 7 17,18li0 4,76 17,793
{Moidore gold — —|9 o 19,84 9 14,71 17,140
Quickfilver == —| 7 7 11,61]8 1,45| 14,01 o
{Lead —1 5 ‘19 17,551 6 ,08] 17,3251
Fine filver 5 16 23,231 6 6,65| 11,087
Standard filver — —|g 11 3,36} 6 1,54 10,535
Copper w=— — —|4 13 704]5 1,8 8,843}
Platebrali — — —| 4 4 og,60] 4 10,09 8,000
Steel —|4 =2 moiz]l4 @8,70] 7,8s2
Iron —14 © 15204 6,77] 764c
Block tin 3 17 50814  379] .32t
1Speltar e — —| 3 14 12,86) 4 1,42 7,005
Lead ore 3 11 17,76] 3 14,66]| 6,800
{Glafs of antimony —| 2z 15 16,89 3 ©,89 5,28¢}
German antimony ~—| 2 2z 48| 2 04| 45000
Lopperore. ese= ~|2z 1 315,83 2 duds| 3.775
Diamond — — —|1 15 20,88] 1 15,48 3,400
Clear glafs ——= == =—| | 13 $68]'1 1316 3,I_r;=::||
Lapis laguli == — —| 1 12 §27{ 1 12,27]| 3,054
Welch afbeftos — —| 1 10 17,571 1. 10,07} 2,913

The
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The Table concluded.

1y | Lioy weight. | fiverdup. j“onpa
A cubic inch of rative
oz. pw. gr. [oz. drams. weight.

-

. {White marble A 9,06| 2,707

PO N =
Black ditte  — ~——1 1 8 12,65 1 g0z 2,704
Rock eryftal — ——| 1 8 1,00[ 1 8,61 20648
Greenglas — —|1 7 15,58] 1 8,26 2,620
Cornelian ftone ~— |1 % L2l 1 7,73 2,568
Flint — —|1 6 19631 7,53 8542]
Hard paving flone — | 1§ 22,87 1 6,77| 2,460
Live fulphur — =~ 1 i 24a] v 2,52 %000
Nitre - o= ——]1 o 1,08 1 1,591 1,900
|Alabafter —— ——Jfo0 19 1874 1 1,35] 1,875
Dry ivory o 19 6009 1 0,89 1,825]
Brimftone o 18 23,76l t ©o,66| 1,800
Allum = — ——o0 17 21,9210 1I5,72| 5,714
{Ebony — — —J]o 11 188210 10,34| 1,117
Human blood — ——} o 11 289] o g,76| 1,054
Amber — — ——o0 10 20,7¢0| © Q,54| 1,030
|Cow’s milk «= —~——1o© 10 20,791 0 9,54| 1,030]
|Seq water 0 1o 2c,79| © 9,54| 1,030
|Pump water — ——| o0 1o 13,3c| 0 9,26 1,000
Spring water w— ——] 0 10 12,04| © 9,25| 0,99y
|Diftilled water — ——| 0 10 11,42{ 0 9,20| 0,993
Red wine g 10 11,4z] o .g,20] o,003
10il of amber — ——] o0 10 7,630 9,00 0,978
\Proof fpirits — ———f o0 o9 19,73/ © 8,62 o931
{Dryoak — ~— —] o0 ¢ 13,000 8,50 0,625
Olive oil —| o 9 15,17| o 8,45| 0,0i3
I'Pure fpirits — ——| o0 ¢ 3,27/ 0 8,02] 0,866
{Spirit of turpentine ——| o g9 2,70| o 7,99 0.8064
{01l of turpentine ——| 0 8 8,531 0 7.33] 09,772
Dry crabtree — — o0 8 1,69/ o 7,08] 0,70¢]
|Saffafras wood — ——10 ©§ 2,03{ 0 4,46| 0,482
- g e hrvl o

i CﬂFk e

Z.21 G.ZQ.U*

s o

Take away the comma from the numbers in the
right hand column, or (which is the fame) multiply
M 2 them
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Of the [pecific gravities of bodies.
them by 1000, and they will thew how many
ounces averdupoife are contained in a cubic foot of
each body.

In troy weight, 24 grains make a pennyweight,
20 pennyweight make an ounce, and 12 ounces
a pound. In averdupoife weight, 16 drams make
an ounce, and 16 ounces a pound. The troy
pound contains 5760 grains, and the averdupoife
pound %o0oo; and hence, the averdupoife dram
weighs 27.34375 grains, and the averdupoife ounce
LRI

Becaufe it is often of ufe to know how much
any given quantity of goods in troy weight do
make in averdupoife weight, and the reverfe; we
fhall here annex two tables for converting thefe
weights into one another. Thofe from page 144
to page 149 are near enough for common hy-
draulic purpofes; but the two following are better
where accuracy is required in comparing the weights
with one another: and by trial I find, that 175
troy ounces are precifely equal to 192 averdupoife
ounces, and 175 troy pounds are equal to 144
averdupoife. And although there are feveral leffer
integral numbers, which come very near to agree
together, yet I have found none lefs than the above
to agree exactly. Indeed 41 troy ounces are fo
nearly equal to 45 averdupoife ounces, that the
latter contains only 7 i grains more than the for-
mer : and 45 troy pounds weigh only 74, drams
more than 37 averdupoife.

A Table



Troy weight reduced into averdupoife.

A Table for reducing troy weight into averdupoife weight.

Averdupoite. Ty Aver.
Troy weight. e

Ib. oz drams| “e'&% Drams.
Pounds—4000[3201 & 13.68/Pennywt.1g] 16.6-
00 |2528Lk g . 2.20 - -
20001645 11  6.84 7] 14.92
1000 822 13 11.42 16 14.04
gocl rda" Vg | 2,28 Ig] ' 13016
Soo| 658 4 9.4 I4] 12.2¢C
700| 576 . .0 _c.00 13{° 11.41
6oo| 493 11 6.85 12| 10.53}
soof 411 -6 13.71 pil .65
400! 329 2 . 4.57 10f 8.78
3col 246 13 11.42 gl  7.¢
200 164 o9 2.28 8 7.02
100 B2 .4 Q.15 7 6.14
go| 7 o 13.62 Gl - 5.2}
8o gL . 241 5 4439
7| 57 9 969 4 35!
6ol 49. § 1I15.08 3 2.03
50, 41 2 457 2 17§
40, 32 I4 10.05 1l o.82
30, 24 10 15.54/Graing— 23 B4
2o 16 e K503 22 8¢
10Lasillt 3 J0:53 21 77

ol gt o8h 20 3
8176 B aEi2) ig 06}
2L ke o 2veh 18 6}

6 4 34 15090 17 62

A MR G A 16 58

4 3 i dobo 15 53

3} 2 I 9 i b
2. L O | 530 13 47

1 0 g8 . 2.04 12 g
Qunces— 11 1z . 1.09 11 +40]
IC 10 15.54 10 36

G D g9 | 33

8 8 az.43 8 .29]

7 7 10.88 7 .26

6 6 g.32 6 22

5 & 1 5 18

4 4 h.22 4 i
3 3 4.66 3 S8l

2 2 2l 2 0%

i 1" 1.5k I .04

16
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Averdupoife weight reduced into troy.

A Table for reducing averdupoife weight into
| troy weight.

E‘;“ rdupﬂifeif Troy weight. Wl ‘Lroy wclghb
E weight. Ib. o2. pw. g, weight. Ib. oz. pw. gt.

ounds6ooo729g1 8 o oOuncestslt 1 13 10.50|

: 5oooboz6 4 13 8 4 o 15 (& |

40004861 1 6 16 13} 11 16 23.50|

go00{3045 ‘10 © © ¥3p 1098 1% |

zocojz430 6 13 8 1E 10 e 1Aeo]

1goojlizig g 6 16 1 e T e R

gcollogy 9 ©  © g g8 g Fgol
8ool g7z 2z 13 8 .

7co| 8so 8 6 16 9 6 74 1ks0)

! bool 729 z © 'o© 6r - 91 & §

| §col 6oz 7 13 8 L1 4 11 3,501'
! 400 486 1 6 16 4 3 %

b ool 464 ¥ © oD 3 2 14 16i50
200{ 243 o 13 8 2 p-c1h B

] 1ol J21 6 6 16 5 o 18 ol

. g°| 1cg 4 10 o©Drams 13 174 ‘®io

: 8o| 97 2 13" 8 14 15 22.76

Jo1- 85 & 16 16 13 14 19i4z

el 72 M. "o "o 12 13 15.08

o) bo i3 -8 11 12, 1554

! 4ol 48 i T 65 6 ic 11 gi40

G Ul SO e Ay 9| 10 biob

20 24 .3 13 Si 8 9 &2

o - D 7 7 | 2338

RN L e RS - 6 6 z0.04

Slagi s 13 8 5 5§ 16.50}

b e T Th 4 4 1336

1 O] | ety 1o o 3 3 10.02

b 8. " 8 z z 6.68

: 4 4 ¥ B 16 1 I 3.34

o BEIE Yo 3 0 20.51

af- 2o . 3.c8 2 1367

% S O 161 3 6.83

The
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The two following examples will be fufficient to
explain thefe two tables, and fhew their agreement.

Ex. I. In 6835 pounds 6 ounces g pennyweights
6 grains troy, Qu. Haw much averdupoife weight 2

(See page 165.)

Averdupoife.
Ib. oz. drams.
(4000 3291 6 13.68
2000 1645 ¥1  6.84
| Pounds ¢ 8oo| 658 4 9.14
| teoy— 1} 20 16 3 503
| 10 8 3 10.51
| 23038 4 1 1325
oz. 6 6 o9.32
PW. 9 7.90
gr. 6 oo e
Anfwer. 5624 10 ¥1.88

Ex. II. In 5624 peunds 10 ounces 12 drams aver-
dupoife, Qu. How much troy weight ? (See page 166)

Troy.

Ib. oz. pw. gr.
5000, 6076 4 13 8

Pounds } 600f 729 2 o o

averd. o g ¢ sy i
4 4 1w 6 16
0z. 10| g g

dr. 12 | 13 15.08

Anfwer. | 68353 6 g9 6.08
M 4 The
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Of the [pecific gravities of bodies.

The ufe of the table of fpecific gravities will
beft appear by an example. Suppofe a body to
be compounded of gold and filver, and it is re-
quired to find the quantity of each metal in the
compound.

Firft find the fpecific gravity of the cﬂmpnund,
by weighing it in air and in water, and dividing
its aerial weight by what it lofes thereof in water,
the quotient will fthew its fpecific gravity, or how
many times it is heavier than its bulk of water.
Then, fubtraét 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 remainder 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 fpeciﬁc gravities, the products
will fhew the proportion of weights of each metal
in the body. Example.

Suppofe the fpecific gravity of the compounded
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 compound.
Then, the firft remainder 2.5, multiplied by 19.63
the fpecific gravity of gold, produces 49.075 for
the proportional weight of gold; and the laft re-
mainder 6.63 multiplied by 10.5, the {pecific gra-
vity of filver, produces 69.615 for the proportional
weight of filyer in the whole body. So that, for

' every
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every 49.Q7 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 fufpected
metal be genuine, or allayed, or counterfeic; 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
is allayed or counterfeited.

A cubical inch of good brandy, rum, or other ow to try
proof {PII‘IES, ng‘hs 2357 grains; thereﬁ}re,l 1fff’;‘£"r;‘“’
a true inch cube of any metal weighs 235.7 grains
lefs in {pirits than in air, it thews the {pirits are
proof. If it lofes lefs of its aerial weight in {pi-
rits, they are above proof ; if it lofes more, they \
are under. For, the better the fpirits are, they
are the lighter, and the worfe, the heavier. All
bodies expand with heat and contract with cold,
but fome more and fome lefs than others. And
therefore the fpecific gravities of bodies are not
precifely the fame in fummer as in winter. It has
been found, that a cubic inch of good brandy is
10 grains heavier in winter than in fummer; as
much fpirit of nitre, 20 grains ; vinegar 6 grains,
and {pring water 3. Hence it is moft profitable
to buy {pirits in winter, and {ell them in {ummer,
fince they are always bought and fold by meafure.

It has been found, that 32 gallons of {pirits in win-
ter will make 33 in fummer.

The expanfion of all fluids is proportionable to The ser-
the degree of heat; thatis, with a double or tri- 7o
ple heat a fluid will expand two or three times as
much.

Upon
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Upon thefe principles depends the conftruction
of the thermometer, in which the globe or 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 the more eafily {een in the
tube. But when thermometers are made by them-
felves, quickfilver is generally ufed.

In the thermometer, a fcale is always fitted to
the tube, to thew the expanfion of the quickfilver,
and confequently the degree of heat. And, as
Farenbeit’s 1cale is moft in efteem at prefent, 1 thall
explain the conftruétion and graduation of thermo-
meters according to that fcale.

Firft, let the globe or bulb, and part of the
tube, be filled with a fluid ; then immerfe the bulb
in water juft freezing, or fnow juft thawing ; and
even with that part in the {cale where the fluid then
ftands in the tube, place the number 32, to de-
note the freezing point: then put the bulb under
your arm-pit, when your body is of a moderate
degree of heat, fo that it may acquire the fame

degree of heat with your fkin; and when the fluid

has rifen as far as it can by that heat, there place
the number ¢7: then divide the fpace between
thefe numbers into 65 equal parts, and continue
thofe divifions both above 97 and below 32, and
number them accordingly.

This may be done 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 little: fo that the thermometers
made in this manner will perfectly agree with one

another ;
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another ; and the heat of feveral bodies will be
fhewn by them, and exprefied by the number upon
the fcale, thus.

Air,; in fevere cold weather, in our climate,

from 15 to 25. Air in winter, from 26 to 4a2.
Air in fpring and autumn, from 43 to 53. Air at
midfummer, from 65 to 68. Extreme heat of
the fummer fun, from 86 to 100. Butter juft
melting, 95. Alcohol boils with 174 or 175.
Brandy with 190o. Water 212. Oil of turpen-
tine 550. Tin melts with 408, and lead with
540. Milk freezes about 30, vinegar 28, and
blood 27.

A body fpecifically lighter than a fluid will fwim
upon its furface, in fuch a manner, that a quan-
tity of the fluid equal in bulk with the immerfed
part of the body, will be as heavy as the whole
bbdy*t Hence, the lighter a fluid is, the deeper a
body will fink in it; upon which depends the con-
ftru&tion of the bydrometer or water-poife.

From this we can eafily find the weight of aHow the
fhip, or any other body that fwims in water. For, E’fﬁ:i‘
if we multiply the number of cubic feet which are ter may be
under the furface, by 62.5, the number of pounds ™
in one foot of frefh water; or by 63, the number
of pounds in a feot of falt water; the product
will be the weight of the fhip and all that is in it.

For, fince it is the weight of the fhip that difplaces
the water, it muft continue to fink until it has re-
moved as much witer as is equal to it in weight:
and therefore thé part immerfed muft be equal in

bulk
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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 peartree, be put into
water contained in a glafs vefiel ; and let the vefiel
be put into a {cale at one end of a balance, and
counterpoifed by weights in the oppofite fcale:
then, marking the height of the water in the veffel,
take out the ball ; and fill up the veflel 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 veflel’s being filled up to the fame
height at which the water {ftood when the ball was
in it, it is evident that the quantity poured in is
equal in magnitude to the immerfed part of the
ball ; and from the fame weight counterpoifing, it

is plain that the water poured in is equal in weight
to the whole ball.

: s e Ol il 4
Of pneumatics,

HIS {cience treats of the nature, weight, and
preflure of the air, and the effeéts arifing
from it.

The air is that thin tranfparent fluid bedy in
which we live and breathe. It encompafies the
whole earth to a confiderable height; and, toge-
ther with the clouds and vapours that float in it,

is
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is called the atmofphere.  The air is juftly reckoned
among the number of fluids, becaufe it has all the
properties by which a fluid is diftinguithed. For,
it yields to the leaft force imprefled, its parts are
eafily moved among one another, it prefles accord-
ing to its perpendicular height, and its preffure is
every way equal.

That the air is a fluid, confifting of fuch par-
ticles as have no cohefion betwixt them, but eafily
glide over one another, and yield to the flighteft
impreffion, appears from that eafe and freedom
with which animals breathe in it, and move through
it without any difficulty or fenfible refiftance.

But it differs from all other fluids in the three
following particulars. 1. It can be comprefled into
a lefs {pace than what it naturally poffeffeth, which
no other fluid can. 2. It cannot be congealed or
fixed, as other fluids may. 3. It is of a different
denfity in every part, upward from the earth’s fur-
face, decreafing in its weight, bulk for bulk, the
higher it rifes; and therefore muft alfo decreafe in
denfity. 4. It is of an elaftic or {pringy nature,
and the force of its fpring is equal to its weight.

That air is a body, is evident from its excluding
all other bodies out of the fpace it pofleffes : for,
if a glafs jar be plunged with its mouth downward
into a veflel of water, there will but very little wa-
ter get into the jar, becaufe the air of which it is
full keeps the water out.

As 2ir is a body, it muft needs have gravity or
weight : and that it is weighty, is demonftrated
by experiment. For, let the air be taken out of

a vefiel

173
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a veffel by means of the air pump, then, having
weighed the veflel, let in the air again, and upen
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 1% grains lighter than when the air
is let into it again; which fhews that a quart of air
weighs 17 grains. But a quart of water weighs
14625 grains, this divided by 17 quotes 860 in
round numbers 3 which fhews, that water is 860
times heavier than air near the f{urface of the
earth.

As the air rifes above the earth’s furface, it
grows rarer, and confequently lighter, bulk for
bulk. For fince it is of an elaftic or fpringy na-
ture, and its lowermoft parts are prefled 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 gradu-
ally rarer the higher up. For, the denfity of the
air will always be as the force that compreffes it :
and therefore, the air towards the upper part of
the atmofphere being lefs preffed than that which
is near the earth, it will expand itfelf, and thereby
become thinner than at the furface of the earth.

Dr. Cotes has demonftrated, that if altitudes
in the air be taken in arithmetical proportion, the
rarity of the air will be in geometrical proportion.
For inftance,

At
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And hence it is eafly to calculate, that a cubic
inch of fuch air as we breathe, would be {o much
rarefied at the altitude of 500 miles, that it would fill
a {phere equal in diameter to the orbit of Saturn.
The ‘weight or preflure of the air is exaétly de-
termined by the following experiment.
Take a glafs tube about three feet long, and The 7ors-
. . . cellian ex-
open at one end ; fill it with quickiilver, and put- perines.
ting your finger upon the open end, turn that end
downward, and immerfe it into a {mall veffel of
quickfilver, withour letting in any air: then take
away
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away your finger, and the quickfilver will remain
fufpended in the tube 29% inches above its furface
in the vellel ; fometimes 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 preffure of the atmofphere upon
that in the bafon, is evident; for, if the bafon and
tube be put under a glafs, and the air taken out of
the glafs, all the quickfilver in the tube falls down
into the bafon ; and when the air is let in again,
the quickfilver rifes to the fame height as before.
Therefore the air’s preflure on the furface of the
earth, is equal to the weight of 29% inches depth
of quickfilver all over the earth’s furface, at a
mean rate,

A {quare column of quickfilver, 29} 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; and 144 times
as much, or 2160 pounds, upon every fquare foot;
becaufe a fquare foot contains 144 fquare inches.
At this rate, a middle fiz’d man, whofe furface
may be about 14 fquare feet, fuftains a preffure of
30240 pounds, or 13} tons, when the air is of a
mean gravity : a preflure which would be infupport-
able, and even fatal to us, were it not equal on every
part, and counterbalanced by the {pring of the air
within us, which is diffufed through the whole body ;
and re-acts with an equal force againft the outward
prefiure. %

Now, fince the earth’s furface contains (in round
numbers) 200,000,000 {quare miles, and every

{quare
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fquare mile 278478400 fquare feet, there muft be
5575680000000000 fquare feet on the earth’s fur-
tace ; which multiplied by 2160 pounds (the preflure
on each fquare foot) gives 120434688c0000000000
pounds for the preflure or weight of the whole at-
mofphere.

When the air is taken out of a pipe, and the
end of the pipe immerfed in water, 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 33 feet above the
furface of the well: and unlefs the bucket 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 alcend in the pump,
and follow the pifton or bucket, as all the air above
it is lifted up ; it is evident, that a column of wa-
ter 33 feet high, is equal in weight to a column
of quickfilver of the fame diameter, 29+ inches
high; and to as thick a column of air, reaching
from the earth’s furface to the top of the atmo-
{phere.
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In ferene calm wea_ther;the air has weight enough The &are-
to fupport a column of quickfilver 31 inches high; ™"

but in tempeftuous ftormy weather, 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 alte~
rations at different times, And being now gene-
rally vf=d to denote the changes in the weight of

| -
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the air, and of the weather confequent upon them,
it is called the Jarometer, or weather glafs.

The preflure of the air being equal on all fides
of a body expofed to it, the {ofteft bodies fuftain
this preflure without {uffering any change in their
figure ; and fo do the moft brittle bodies without
being broke,

The air is rarefied, or made to fwell with heat;
and of this property, wind is a neceffary confe-
The caufe quence. For, when any part of the air is heated
of wiids 1y the fun, or otherwife, 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 atmofphere, and the
adjacent air will rufh in to fupply its place; and
therefore, there will be a ftream or current of air
from all parts towards the place where the heat is.
And hence, we fee the reafon why the air rufhes
with fuch force into a glafs houfe; or towards any
place where a great fire is made. And alfo, why
fmoke is carried up a chimney, and why the air
ruthes 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 to-
wards that part of the world where it is moft
heated.

The wade-  Upon this principle, we can eafily account for
il she trade-winds, which blow conftantly from eaft
to welt about the equator. For, when the fun

fhines perpendicularly on any part of the earth, it

- will
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will heat the air very much in that part, which
air will therefore rife upward, and when the fun
withdraws, the adjacent air will rufth in to fill its
place ; and confequently caufe a ftream or current
of air from all parts towards that which is moft
heated by the fun. But, as the fun, with refpect
to the earth, moves from eaft to welt, the common
courfe of the air will be that way too; continually
preffing after the fun: and therefore, at the equa-
tor, where the fun fhines ftrongly, there will be a
continual eafterly wind ; 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 equa-
tor is changed in feveral places, and upon feveral
accounts ; as, I. By exhalations that rife out of the
earth at certain times, and from certain places ; in
earthquakes, and from volcano’s. 2. By the fall-
ing of great quantities of rain, caufing thereby a
fudden condenfation or contraction of the air.
3. By burning fands, that often retain the folar heat
to a degree incredible to thefe who have not felt it,
caufing a more than ordinary rarefaction of the air
_contiguous to them. 4. By high mountains, that
alter the direttion of the winds in ftriking againft
them. 5. By the declination of the fun towards
the north or fouth, heating the air on the north or
fouth fide of the equator.

To thefe and fuch like caufes is owing, 1. The The -
irregularity and uncertainty of winds in climates’”*"
diftant from the equator, as in moft parts of Eu-
rope. 2. Thofe periodical winds called monfoons,

N2 which
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which in the Indian {eas blow half a year one way,
and the other half another. 3. Thofe winds which
on the coaft of Guinea, and on the weftern coafts
of America, blow always 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-
breeze, which blows in the night ; and, in fhort, all
thofe ftorms, hurricanes, whirlwinds, and irregu-
larities, which happen at different times and places.

All common air is impregnated with a viwifying
fpirit, which is neceffary 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 {pirit in air is deftroyed by pafling through
the lungs of animals : and hence it is, that an ani-
mal dies foon, afier being put under a veffel which
admits no frefh air tocome to it.  This {pirit is alfo
infufed into water ; for fith die when they are ex-
cluded from frefh air, asin a pond that is clofely
frozen over. And the little eggs of infects, ftop-
ped up in a glafs, do not produce their young,
though aflifted by a kindly warmth. The feeds
alfo of plants mixed with good earth, and inclofed
in a glafs, will not grow. So that frefh air is abfo-
lutely neceffary, both for the produéction and con-
tinuation of the lives of animals and plants.

This enlivening quality in air is alfo deftroyed by
the air’s pafling through fire ; particularly charcoal
fire, or the flame of fulphur., Hence, fmoaking
chimneys muft be very unwholfome, efpecially if
the_rooms they are in be fmall and clofe. -

Air
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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 parti-
cles flowing from the neighbouring bodies ; or
laftly, by the corruption of the vivifying fpirits
as in the holds of fhips, in oil-cifterns, or wine
cellars which have been fhut up for a confiderable
time. The air in any of them is fometimes fo
much vitiated, as to be immediate death to any ani-
mal that comes into it.
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Air that has loft its vivifying fpirit is called Damp.

damp, not only becaufe it is filled with humid or
moift vapours, but becaufe it deadens fire, extin-
guifthes flame, and deftroys life.—The dreadful
effets of damps are {ufficiently known to fuch as
work in mines.

If part of the vivifying {pirit of air in any coun-
try begins to putrefy, the inhabitants of that coun-
try will be fubje¢t to an epidemical difeafe, which
will continue until the putrefaction is over. And
as the putrefying fpirit occafions the difeafe, fo if
the difeafed body contributes towards the putrefying
of the air, then the difeafe will not only be epi-
demical, but peftilential and contagious.

The atmofphere is the common recepracle of ali
the effluvia or vapours arifing from different bo-
dies; of the fteams and {moke of things burnt or
melted ; the fogs or vapours proceeding from damp
watery places ; and of the efluvia from fulphureous,
nitrous, acid and alkaline bodies. In fhort, what-
ever may be called volatile, rifes in the air to greater

or lefs heights, according to its fpecific gravity.
N 2 When
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Fermenta-  When the effluvia, which arife from acid and

L1003, . . . .
alkaline bodies, meet each other in the air, there
will be a ftrong confli&t or fermentation between
them ; which will fometimes be {o great, as to pro-
duce a fire: then, if the efuvia be combuftible,
the fire will run from one part to another, juft as
the inflammable matter happens to lie.

Any one may be convinced of this, by mixing
an acid and an alkaline fluid together, as the {pirit
of nitre and oil of cloves; upon the doing of
which, a fudden ferment, with a fine flame, will
arife; and if the ingredients be very pure and
ftrong, there will be a fudden explofion.

Thunder Whoever confiders the effects of fermentation,

and /light-

ning. cannot be ata lofs to account for the dreadful ef-
g

fects of thunder and lightning : for the efluvia of
Tulphureous and nitrous bodies, and others that may
rife into the atmofphere, will ferment with each
other, and take fire very often of themfelves ;
fometimes by the affiftance of the fun’s heat.

If the inflammable matter be thin and light, it
will rife to the upper part of the atmofphere, where
it will flath without doing any harm: but if it be
denfe, it will lie nearer the furface of the earth,
where taking fire, it will explode 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 accompanied with terrible claps of
thunder.

The heat of lightning appears to be quite dif-
ferent from that of other fires; for it has been
known to run through wood, leather, cloth, &,

without
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without hurting them; while it has broken and
melted iron, fteel, filver, gold, and other hard
bodies. Thus it has melted or burnt afunder a
{word without hurting the fcabbard, and money in
a man’s pocket without hurting his cloaths: the
reafon of this feems to be, that the particles of the
fire are fo fine, as to pafs through foft loofe bodies
without diffolving them; whilft they fpend their
whole force upon the hard ones. :

It is remarkable, that knives and forks which
have been ftruck with lightning have a very ftrong
magnetical virtue for feveral years after; and I
have heard that lightning ftriking upon the mari-
ner’s compafs will fometimes turn it round ; and
often make it ftand the contrary way ; or with the
north pole towards the fouth.

Much of the fame kind with lightning are thofe fire dampr.
explofions called fulminating or fire damps, which
fometimes happen in mines; and are occafioned by
fulphureous and nitrous, or rather oleaginous par-
ticles, 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, that in the
mine will confequently {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 combuftible vapours. It is fometimes fo ftrong,
as to blow up the mine ; and at other times fa

N 4 weak,

L
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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 re-
ceiver 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, actording to the denfity of the
oleaginous vapour.

Earth«  "When fuch combuftible matter, as is above men-

i tioned, kindles in the bowels of the earth, where
there is litcle 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 ﬁhngs of iron, and knead them with com-
mon water into the confiftence of a pafte: this be-
ing buried in the ground, will, in 8 or 10 hours
time, burft out in flames, and caufe the earth to
tremble all around to a confiderable diftance.

From this experiment we have a very natural ac-
count of the fire of mount Ztna, Vefuvius, and
other volcano’s, they being probably fet on fire at
firft by the mixture of fuch metaline and fulphure-
ous particles.

Plate XIV. The air-pump being in effe¢t the fame as the

Fig: 1 water-pump, whoever underftands the one, will be
at no lofs to underftand the other.

The ai-  Having put 2 wet leather on the plate LL of

2% the air-pump, place the glafs receiver M upon the

leather,
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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 preflure of the external air, or at-
mofphere. For, as the handle (Fig. 2.) is turned
backwards, it rifes the pifton de in the barrel BK,
by means of the wheel F and rack Dd: and as
the pifton is leathered fo tight, as to fit the barrel
exactly, no air can get between the pifton and bar-
rel ; and therefore, all the air above 4 in the barrel
is lifted up towards B, and a vacuum made in the
barrel from ¢ to 4: upon which, part of the air
in the receiver M (Fig. 1.), by its {pring, rufhes
through the hole 7, in the brafs plate L L, along the
pipe GG (which communicates with both barrels
by the hollow trunk 7HK, Fig. 2.), and pufhing
up the valve &, enters into the vacant place ¢ of
the barrel BK. For, wherever the refiftance or
prefiure is taken off; the air will run to that place,
if it can find a paffage.—Then, as the handle F
is turned forward, the pifton de is deprefled in the
barrel ; and, as the air which had got into the
- barrel cannot be pufhed back through the valve &,
it afcends through a hole in the pifton, and efcapes
througha valve at 4 ; and is hindered by that valve
from returning into the barrel, when the pifton is
again raifed. At the next raifing of the pifton,
a vacuum 1s again made, in the fame manner as be-
fore, between & and e¢; upon which, more of the
air which was left in the receiver M gets out thence
by its fpring, and runs into the barrel B K, through

the
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the valve 4. The fame thing is to be underftood
with regard to the other barrel 47; and as the
handle F is turned backwards and forwards, it al-
ternately raifes and depreffes the piftons in their
barrels ; always raifing one whilft it deprefies the
other. And, as there is a vacuum made in each
barrel when its pifton is raifed, every particle of
air in the receiver M pufhes out another, by its
ipring or elafticity, through the hole 7 and pipe GG
into the barrels ; until at laft the air in the receiver
comes to be fo much dilated, and its {pring fo far
weakened, that it can no longer get through the
valves; and then, no more can be taken out.
Hence, there is no fuch thing as making a perfect
vacuum in the receiver; for the quantity of air
taken out at any one ftroke, will always be as the
denfity thereof in the receiver: and therefore it is
impoffible to take it all out, becaufe, fuppofing the
receiver and barrels of equal capacity, 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 it becomes loofe, and may be taken off
the plate. The barrels are fixed into the frame ee
by two fcrew-nuts ff, which prefs down the top-
piece £ upon the barrels: and the hollow trunk A
(in Fig. 2.) is covered by a box, as GH in Fig. 1.

There is a glafs tube /m# open at both ends,
and about 34 inches long ; the upper end commu-
nicating with the hole in the pump-plate, and the
lower end immerfed in quickfilver at # in the

velfel
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veffel N. To this tube is fitted a2 wooden ruler
mm, 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 quickfilver) and
continued up to the top, a little below /, to 30 or
31 inches.

As the air is pumped out of the receiver M, it
is likewife pumped out of the glafs tube /m#, be-
caufe that tube opens into the receiver through the
pump-plate : and as the tube is gradually emptied
of air, the quickfilver in the veflcl N is forced up
into the tube by the preflure of the atmofphere.
And if the receiver could be perfectly 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 fame power or weight of the at-
mofiphere 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 defect of the height
of the quickfilver in the gage, from what it is at
that time in the barometer.

I thall now give an account of the experiments
made with the air-pump, in my leétures ; thewing
the refiftance, weight, and elafticity of the air.

1. To fbew the refiffance of the air.

187

1. There is a little machine, confifting of twoFig. 3.

mills,  and &, which are of equal weights, inde-
pendent
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pendent 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
4 have their planes at right angles to its axis, and
thofe of 4 have their planes parallel to it. There-
fore, as the mill ¢ turns round in common air, it
is but little refifted thereby, becaufe its fails cut
the air with their thin edges: but the mill 4 is
much refifted, becaufe the broad fides of its fails
move againit the air when it turns round. In each
axle is a pin near the middle of the frame, which
goes quite through the axle, and ftands out a little
on each fide of it: upon thefe pins, the flider 4
may be made to bear, and fo hinder the mills from
going, when the ftrong fpring ¢ is fet on bend
againft the oppofite ends of the pins.

Having fet this machine upon the pump-plate
LL (Fig. 1.) draw up the flider 4 to the pins on
one fide, and fet the fpring ¢ at bend upon the op-
pofite ends of the pins: then puth down the_flider
d; and the fpring aéting equally ftrong on each
mill, will fet them both a going with equal forces
and velocities : but the mill 2 will run much longer
than the mill 2, becaufe the air makes much lefs re-
fitance againft the edges of its fails, than againft
the fides of the fails of 2.

Draw up the flider again, and fet the {pring upon
the pins as before; then cover the machine with
the receiver AZ upon the pump-plate, and having
exhaufted the receiver of air, puth down the wire
£ P (through the collar of leathers in the neck 7)
upon the flider ; which will difengage it from the

pins,
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pins, and allow the mills to turn round by the im-
pulfe of the {pring: and as there is no air in the
receiver to make any fenfible refiftance againft them,
they will both move a confiderable time longer
than they did in the open air; and the moment
that one ftops, the other will do fo too.—This
fhews that air refifts bodies in motion, and that
equal bodies may meet with different degrees of
refiftance, according as they prefent greater or lefs
furfaces to the air, in the planes of their motions.

2. Take off the receiver M, and the mills ; and

189

having put the guinea ¢ and feather 4 upon theFig. 4

brafs flap ¢, turn up the flap, and fhut it into the
notch 4. Then, putting a wet leather over the
top of the tall receiver 4B (it being open both at
top and bottom) cover it with the plate C, from
which the guinea-and-feather tongs ed will then
hang within the receiver. This done, pump the
air out of the receiver; and then draw up the wire
f alitde, which by a fquare piece on its lower end
will -open the tongs ed; 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 at the fame inftant, N. B. In
this experiment, the obfervers ought not to look
at the top, but at the bottom of the receiver ; in
order to fee the guinea and feather fall upon the
plate : otherwife, on account of the quicknefs of
their motion, they will efcape the fight of the be-
holders,

II, T¢
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IL To foew 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
flafk, whofe contents is exactly known, fcrew the
neck of this cap into the hole 7 of the pump-plate :
then, having exhaufted the air out of the flafk,
and taken it off from the pump, let it be fuf:
pended at one end of a balance, and nicely coun-
terpoifed by weights in the fcale at the other end :
this done, raife up the valve with a pin, and the
air will ruth into the flafk with an audible noife ;
during which time, the flatk will defcend, and pull
down that end of the beam. When the noife is
over, put as many grains into the fcale as will re-
ftore the equilibrium ; and they will thew exactly
the weight of the quantity of air which has got
into the flafk, and filled it. If the fafk holds an
exact quart, it will be found, that 17 grains will
reftore the equipoife of the balance, when the
quickfilver ftands at 29% inches in the barometer :
which fhews, that when the air is at 2 mean rate of
denfity, a quart of it weighs 17 grains : it weighs
more when the quickfilver ftands higher; and lefs
when it ftands lower.

2. Place the fmz’l 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 preffure of the air on its outfide, which is
left to act alone, without any air in the receiver to
act againft it : and this preffure will be equal to as

many
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many times 15 pounds, as there are {quare 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 the air be let into it by
turning the cock £ ; and then it becomes loofe.
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3. Set the little glafs /B (which is open at both Fig. 5.

ends) over the hole ¢ upon the pump-plate L7,
and clap your hand clofe upon the top of it at B :
then, upon exhaufting the air out of the glafs, you
will find your hand prefled down with a greac
weight upon it ; fo that you can hardly releafe it,
until the air be re-admitted into the glafs by turn-
ing the cock % ; which air, by acting as ftrongly
upward againft the hand as the external air acted in
prefling it downward, will releafe the hand from

its confinement.

4. Having tied a piece of wet bladder 4 over Fig. 6.

the open top of the glafs 4 (which is alfo open at
bottom) fet it to dry, and then the bladder will
be as tight as adrum. Then place the open end 4
upon the pump-plate, over the hole 7, and begin
to exhauft 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, asitis prefled down, will put
on a fpherical concave figure, which will grow
deeper and deeper, until the ftrength 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 receiver, and joined to it by a flat ring
of wet leather between them ; upon pumping the

air
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air out of the receiver, the preflure of the outward
air upon the flat glafs will break it all to pieces.

5. Immerfe the neck ¢4 of the hollow glafs ball
e b in water, contained in the phial 24 ; then fet it
upon the pump-plate, and cover it and the hole 7
with the clofe receiver 4 ; and then begin to pump
out the air.  As the air goes out of the receiver by
its fpring, it will alfo by the fame means 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
G Gand valves a and 2, into the open air. When it
has done bubbling in the phial, the ball is fufficiently
exhaufted ; and then, upon turning the cock &,
the air will get into the recciver, and prefs {o upon
the furface of the water in the phial, as to force the
water up into the ball in a jet, through the neck
ed; and will All the ball almoft full of water.
The reafon why the ball is not quite filled, is be-
caufe all the air could not be taken out of it 3 and
the fmall quantity that was left in, and had ex-
panded itfelf fo as to fill the whole ball, is now
condenled into the fame ftate as the outward air,
and remains in a fmall bubble at the top of the

ball ; and fo keeps the water from filling that part -

of it.

6. Pour fome quickfilver into the jar D and fet
it on the pump-plate near the holes ; 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 f g (which has
a brafs

e
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a brafs top on it at b) into the {yringe H, and put-
ting the tube through a hole in the middle of the
plate, {o as to immerfe the lower-end of the tubee
in the quickfilver at D, fcrew the end 4 of the fy-
ringe into the plate. This done, draw up the
pifton in the fyringe by the ring J, which will make
a vacuum in the fyringe below the pifton ; and as
the upper end of the tube opens into the fyringe,
the air will be dilated in the tube, becaufe part of
it, by its {pring, gets up into the {yringe ; and the
fpring of the undilated air in the receiver alting
upon the furface of the quickfilver in the jar, will
force part of it up into the tube: for the quick-
{ilver will follow the pifton in the fyringe, 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 5 and this, according to
fome, is done by fution. But to refute that erro-
neous notion, let the air, be pumped out of the
receiver 4B, and then all the quickfilver in the
tube will fall down by its own weight into the jar
and cannot be again raifed one hair’s breadth in the
tube by working the {yringe : which fhews that
fuction had no hand in raifing the quickfilver;
and, to prove that it is done by preffure, let the
air into the receiver by the cock £ (Fig. 1.) and
its action upon the furface of the quickfilver in the
jar will raife it up into the tube, although the
pifton of the fyringe continues motionlefs.—If
the tube be about 32 or 33 inches high, the quick-

filver will rife in it very near as high as it ftands at
O that

103
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that time in the barometer. And, if the fyringe
has a {mall hole, as s, near the top of it, and
the pifton be drawn up above that hole, the air
will rufh through the hole into the fyringe and
tube, and the quickfilver will immediately 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, becaufe
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.

». Having placed the jar 4, with fome quick-
filver in it, on the pump-plate, as in the laft ex-
periment, cover it with the receiver B ; then pufh
the open end of the glafs tubede through the collar
of leathers in the brafs neck € (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 quick-
filver in the jar. Now, although thé tube be ex-

haufted 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. Butlet the air
into the receiver by the cock #, and the quick-
filver will immediately rife in the tube ; and ftand
as high in it, as it was pumped up in the laft ex-
periment.

Both
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Both thefe experiments fhew, that the quick-
filver is fupported in the barometer by the prefiure
of the air on its furface in the box, in which the
open end of the tube is placed. And that the
more denfe and heavy the air is, the higher does
the quickfilver rife 5 and, on the contrary, the
thinner and lighter the air is, the more will the

. quickfilver fall. For, if the handle ' be turned

ever fo little, it takes fome air out of the receiver,
by raifing one or other of the piftons in its barrel 5
and confequently, that which remains in the re-
ceiver is fo much the rarer, and has {o much the
lefs fpring and weight 3 and thereupon, the quick-
filver falls a little in the tube : but upon turning
the cock, and re-admitting the air into the re-
ceiver, it becomes as weighty as before, and the
quick(ilver rifes again to the fame height.—Thus
we fee the reafon why the quickfilver in the baro-
meter falls before rain or {now, and rifes before
fair weather ; for, inthe former cafe, the air is too
thin and light to bear up the vapours, and in the
latter, too denfe and heavy to let them fall.

N.B. In all mercurial experiments with the air-
pump, a fhort pipe muft be fcrewed into the hole 7,
fo as to rife about an inch above the plate, to pre-
vent the quickfilver from getting into the air-pipe
and barrels, in cafe any of it thould be accidentally
fpilt over the jar : for if it once gets into the
pipes or barrels, it fpoils them, by loofening the
folder, and corroding the brafs.

8. Take the tube out of the receiver, and put

one end of a bit of dry hazel branch, about an
O 2 inch
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inch long, tight into the hole, and the other end
tight into a hole quite through the bottom of a
fmall 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 defcend in a beautiful
fhower into a cup placed under the receiver to
catch it.

. Put a wire thmun*h the collar of leathers in
the tﬂp 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 qutckﬁlver on
the pump-plate ; this done, let in the air, and
upon taking the wood out of the jar, and
{plitting it, its pores will be found full of quick-
filver, which the force of the air, upon being let
into the receiver, drove into the wood.

10. Jointhe two brafs hemifpherical cups 4 and
B together, with a wet leather between them, having
a hole in the middle of it; then fcrew the end D

of the pipe CD into the plate of the pump at 7, -

and turn the cock E, o 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 CD, and
keep out the air, This done, unfcrew the pipe at
D from the pump ; and fcrew the piece b upon
itatD ; and let two {trong men try to pull the he-
mifpheres afunder by the rings ¢ and b, which they
will find hard to do: for if the diameter of the

hemifpheres
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- hemifpheres be four inches, they will be preffed to-
~ gether by the external air with a force equal to

188 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 M (Fig. 1.) and upon exhaufting the

- air out of the receiver, they will fall afunder of

themfelves.
11. Place a fmall receiver O (Fig. 1.) near the
hole 7 on the pump-plate, and cover both it and

- the hole with the receiver A/; 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 pump, the air
. will come out of both receivers ; bug the large one

M, will be forcibly held down ta the pump by the
preflure of the exsernal air; whilft the fmall one

O, having no air to prefs upon it, will continue
- loofe, and may be drawn up and let down at plea-
- {ure, by the wire PP. But, upon letting it quite

down to the plate, and admitting the air into the
receiver M, by the cock &, the air will prefs fo
upon the {mall receiver O, as to fix it down to the
plate ; and at the fame time, by counter-balancing
the outward preflure on the large receiver A, it
will become loofe.  This experiment evidently
fhews, that the receivers are held down by preflure,,
and not by fuction, for the internal receiver continued
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 it.

O3 12. Screw

I
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12. Screw the end A of the brafs pipe /BF
into the hole of the pump-plate, and turn the cock
e 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 & H, which is clofe
at top : then exhauft the air out of the receiver,
and turn the cock e to keep it out 3 which done,
unfcrew the 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 receiver.

13. Set the {quare phial 4 (Fig. 14.) upon the
pump-plate, and having covered it with the wire
cage B, put a clofe receiver over it, and exhauft
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 2,
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 in a thoufand
pieces by the preffure of the air upon it. Had it
been of a round form, it would have fuftained
this preffure like an arch, without breaking ;
hut as its fides are flat, it cannot. |

- To
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Yo fhew the elaflicity or [pring of the air,

14. Tie up a very {mall quantity of air in a
- bladder, and put it under a receiver; then exhauft

#] the air out of the receiver, and the fmall quantity

- which is confined in the bladder (having nothing
to act againft 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 its fides almoft
clofe together.

15. If the bladder fo tied up be put into a
wooden box, and have 20 or 30 pounds weight of
lead put upon it in the box, and the box be co-
vered with a clofe receiver 3 upon exhaufting the
air out of the receiver, that air which is confined
in the bladder will expand itfelf fo, as to raife up
all the lead by the force of its fpring,

16. Take the glafs ball mentioned in the fifth Fig. 7+

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, exhauft the air out

of the receiver, and the {mall bubble of air in the

top of the ball will expand itfelf, fo as to force all
the water out of the ball into the phial.

17. Screw the pipe 4B into the pump-plate, Fig. 14,

place the tall receiver GH upon the plate ¢d, asin
the twelfth experiment, and exhauft the air out of
the receiver j then, turn the cock ¢ to keep out the

0 4 air,
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air, unfcrew the pipe from the pump, and fcrew it |*
into the mouth of the copper veffel CC (Fig. 15.) |/

the veflel having firft been about half filled with
water. Then turn the cock ¢ (Fig. 11.) and the
fpring of the air which is confined in the copper

-veffel will force the water up through the pipe 4B

in a jet into the exhaufted receiver, as ftrongly as
it did by its prefiure 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 is at firlt opprefled as with a great weight,
then grows convulfed, and at laft expires in all the
agonies of a moft bitter and cruel death. But as
this experiment is too fhocking to every fpectator
who has the leaft degree of humanity, we fubfti-
tute a machine called the 7ungs-glafs in place of the
animal ; which, by a bladder within it, fhews how
the lungs of animals are contracted into a {mall
compafs when the air is taken out of them.

19. If a butterfly 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 con-
tinues full of air; but if the air be exhaufted,
though the animal will not die, and will continue
to flutter its wings, it cannot remove itfelf from
the place where it hangs in the middle of the re-
ceiver, until the air be let in again, and then the
animal will fly about as before,

20. Pour fome quickfilver into the fmall bottle
A, and fcrew the brafs collar ¢ of the tube BC
into the brafs neck & of the bottle, and the lower

end




Of the air-pump.

end of the tube will be immerfed into the quick-
~ filver, fo that the air above the quickfilver in the
bottle will be confined there, becaufe it cannot get
out about the joinings, nor can it be drawn
out through the quickfilver into the tube. This
tube is alfo open at top, and is to be covered with the
receiver G and large tube EF, which tube is fixed
by brafs collars to the receiver, and is clofe at the
top. This preparation being made, exhauft 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 atC; and as
the receiver and tubes are exhaufting, the air that
is confined in the glafs bottle A4 will prefs fo by its
{pring 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 preffure of the atmo-
fphere: which demonftrates that the fpring of the
air is equivalent to its weight.

201

21. Screw the end C of the pipe CD into the Fig. 13

hole of the pump-plate, and turn all the three
cocks 4, G, and H, fo as to open the communi-
cations between all the three pipes E, F, DC, and
the hollow trunk 4B. Then, cover the plates g
and » with wet leathers, which have holes in their
middle where the pipes open into the plates; and
place the clofe receiver f upon the plate g: this
done, fhut the pipe F by turning the cock H, and
exhauft the air out of the receiver .. 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

b
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b; 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 G, through the trunk 4B ;
and then the air in the receiver K, having nothing
to att againft its fpring, will run from K into I,
until it be fo 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 re-
ceiver will then be kept down but with one half of
preflure upon it, that the receiver ./ had, when it
was exhaufted of air; becaufe it has now one half
of the common air in it which filled the receiver
K when it was fet upon the plate ; and therefore, 2
foree equal to half the force of the fpring of com-
mon air, will at within the receivers againft the
whole preflure of the common air upon their out-
fides. This is called transferring the air out
of one veflel into another.

22. Puta cork into the fquare phial 4, and fix
it in with wax or cement ; put the phial upon the
pump-plate, with the wire cage B overit, and co-
ver the cage with a clofe receiver, Then, exhauft
the air out of the receiver, and the air that was
corked up in the phial will, by the force of its
{pring, break the phial outwards, becaufe there is
no air left on the outfide of the phial to aét againft
the air within it,

22. Put a fhrivelled apple under a clofe receiver,
and exhauft the air; then the {pring of the air
within the apple will plump it out, {o as to caufe all

3 the
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the wrinkles difappear ; but upon letting the air
into the receiver again, to prefs upon the apple,
it will inftantly return to its former decayed and
fhrivelled ftate.

23. Take a frefh egg, and cut off a little of
the fhell and film from its {malleft end, then put
the egg 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 greatend, be-
tween the fhell and film.

24. Put fome warm beer in a glafs, and having
fet it on the pump, cover it with a clofe receiver,
and then exhauft the air. Whilft this is doing,
and thereby the preflure more and more taken off
from the beer in the glafs, the air therein will ex-
pand itfelf, and rife up in innumerable bubbles to
the furface of the beer; and from thence it is
taken away with the other air in the receiver.
‘When the receiver is near exhaufted, the air in the
beer, which could not difentangle itfelf quick
enough to get off with the reft, will now expand
itfelf fo, as to caufe the beer to have all the ap=
pearance of boiling ; and the greater part of it
will go over the glafs.

25. Put fome warm water in a glafs, and put a

bit of dry wainfcot or other wood into the water,
Then, cover the glafs with a receiver, 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,
efpecially about the ends, becaufe the pores lie

lengthwife.
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lengthwife. A cubic inch of dry wainfcot has

fo much air in it, that it will continue bubbling
for near half an hour together.

Miftellaneous experiments.

2z. Screw the fyringe H (Fig. 8.) to a picce of
lead that weighs one pound at leaft; and, holding
the lead in one hand, pull up the pifton in the fy-
ringe with the other; then, quitting hold of the
lead, the air will pufh it upward, and drive back
the {yringe upon the pifton. The reafon of this
is, that the drawing up of the pifton made a va-
cuum in the fyringe, and the air, which prefies
every way equally, having nothing to refift its pref-
{ure upward, the lead and fyringe were prefled up,
contrary to their natural tendency by gravity. -
If the fyringe fo loaded, be hung in a receiver,
and the air be exhaufted, the {yringe and lead will
defcend upon the pifton-rod by their natural gra-
vity ; and, upon admitting the air into the re-
ceiver, they will be drove upward again, until the
pifton be at the very bottom of the {yringe.

26. Let a large piece of cork be fufpended by
a thread at one end of a balance, and counter-
poifed 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 receiver ; which
being fet on the pump, and the air exhaufted, the
cork will preponderate, and fhew itfelf to be hea-
vier than the lead ; but upon letting in the air
again, the equilibrium will be reftored.  The reafon

of
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of this 1s, 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 muft
in fact be heavier, to balance it under the difads
vantage of lofing fome of its weight : which dif=
advantage 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, fhews itfelf to be heavier when in
Vacuo.

2%. Set- a lighted candle upon the pump, and
cover it with a tall receiver. If the receiver holds
a gallon, the candle will burn a minute, and then,
after having gradually decayed from the firft in-
ftant, it will go out: which fhews, thata 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 found that a gallon of air
is fufficient only for one minute for a man to breathe
Mhii 4

The moment that the candle goes out, the {moke
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 fioke will fall down to
the bottom of the receiver, and leave it as clear at
top as it was before it was fet upon the pump.  This
thews, that fmoke does not afcend on account of
its being pofitively light, but becaufe it is lighter
than air; and its falling to the bottom when the

air
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air was taken away, fhews, that it is not deftitute
of weight. So moft forts of wood afcend or {fwim
in water ; and yet there are none who doubt of the -
wood’s having gravity or weight.

28. 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 s and when the receiver is full of that air,
lift up the cover and let down a mouie or bird inta
the receiver, and the burnt air will immediately kill
it. If a candle be let down into the air, it will
go out directly, but will purify the air {fo far as it
was let down ; and fo, by lighting it and letting it
down over and over again, all the air in the re-
ceiver will be purified,

29. Set a bell upon a cufhion on the pump-
plate, and cover it with a receiver; then fhake
the pump to make the clapper ftrike againft the
bell, and the found will be very well heard : but,
exhauft the receiver of air, and then, if the clap-
per be made to ftrike ever fo hard againft the bell,
it will make no found at all ; which fhews, that
air is abfolutely neceflary for the propagation of
found.

30. Let a candle be placed on one fide of a re-
ceiver, and viewed through the receiver at fome
diftance ; then, as foon as the air begins to be ex-
haufted, the receiver will be filled with vapours
which rife from the wet leather, by the fpring of
the air in it ; and the light of the candle being

refracted
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refralted through that medium of vapours, will
have the appearance of circles of wvarious colours,
fuch as are feen about the moon in a hazy air at
night, | _

| The air-pump was invented by Otbo Guerick of
- Magdeburg, but was much improved by Mr.
Boyk, to whom we are indebted for our greateft
part of the knowledge of the wonderful properties
of the air, demonftrated in the above experi-
ments. ' |

The elaftic air which is contained in many bo-
dies, and is kept in them by the weight of the at-
moiphere, may be got out of them either by boil-
ing, or by the air-pump, as thewn in the 25th ex-
periment : but the fixed air, which is by much
the greater quantity, cannot be got out but by
diftillation, fermentation, or putrefaction.

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 ia
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 fill a fpace 48
times as great as the bulk of the apples themfelves :
fo that its preflure outwards was equal to 11776 Ib.
and, in a cubic inch of oak to 19860 Ib. againft
its fides. So that if the air was let loofe at once in

thefe fubftances, they would tear every thing to-

pieces
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pieces about them with a force much “fuperior to
gunpowder. Hence, in eating apples, it is well
that they part with the air by degrees, as they
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 experi-
ment made by Dr. §lare ; who having put half a
dram of oil of carraway-feed into one glafs, and
a dram of compound {pirit of nitre in another,
covered them both on the air-pump with a receiver
fix inches wide, and eight inches deep, and then

‘exhaufted the air, and continued pumping un-

tik all that could poflibly 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, asinftantly blew up the receiver ; although
it was prefled down by the atmofphere with up-
wards of 400 pound weight,
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IGHT confifts of an inconceivably great

'number of particles flowing from a luminous
body in all manner of directions ; and thefe parti-
cles are fo fmall as to furpafs all human compre-
henfion.

That the number of patticles of light is incon-
ceivably great, appears from hence, that if a
candle be lighted, and there be no obftacle in the
way to obftruct the paffage of its rays, it will fill
all the fpace within two miles of it every way with
luminous particles, before it has loft the leaft fenfi-
ble 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, appears 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 ftanding by one another ;
then place a ftheet of pafteboard at a little 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

209

. pafteboard as there are candles on the table before The ama-
the plate : each fpeck being as diftin&t and clear, z:}E fimall-

of the

as if there ~was only one fpeck from one ﬁngiﬂpm:clesaf

candle: which thews, that the particles of light are
| P exceed-
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exceedingly fmall, otherwife they could mot pafs |
through the hole from fo many different candles
without confufion.—Dr. Niewenlyt has computed,
that there flows more than 6,000,000,000,000
times as many particles of light from a candle in
one fecond of time, as there are grains of fand in
the whole earth ; fuppofing each cubic inch of it
-to contain 1,000,000, |
Thefe particles, by falling directly upon our
eyes, excite in our minds the idea of light. And
-when they fall upon bodies, and are thereby re-
flected to our eyes, they excite in us the ideas of
thefe bodies. And as every point of a vifible
body reflets the rays of light in all manner of di-
reCtions, every point will be vifible in every part to
which the light is refleted from it. Thus the
Plate XV. objeét 4 BC is vifible to an eye in any part where
Fig. 1. the rays Aa, Ab, A¢c, Ad, Ae, Ba, Bb, Be, Bd,
Be,andCa, Ch, Cc, Cd, Ce, come. Here we have
fhewn the rays as if they were only refleéted from
the ends A4 and B, and the middle point C of the
Reflefied  Object 3 every other peint being fuppoled to reflect
e 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 vifible, when no intervening objeck
ftops the paffage of the light.
Since no object can be feen through the bore of
a bended pipe, it is evident that the rays of light
move in ftraight lines, whilflt there is nothing to
refract or turn them out of their rectilineal courfe.

Whil
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Whilft the rays of light continue in any * me-
dium of an uniform denfity, they are ftraight ; but
when they pafs obliquely out of one medium into
another, which is either more denfe or more rare,
they are refra¢ted towards the denfer medium : and
this refration is more or lefs, as the rays fall more
or lefs obliquely on the refrafting furface of the
medium

To prove this by experiment, fet the empty vef-
fel ABCD into any place where the fun fhines
obliquely, and obferve the part where the fhadow Fig. 2.
of the edge BC falls on the bottom of the veflel
at E; thcn fill the veflel with water, and the Refiacted
fhadow will reach no farther than e ; which fhews, lgt
that the ray 2 B E which came {traight in the open
air, juft ever the edge of the veflel at B to its
bottom at E, is refrated by falling obliquely on
the furface of the water at B; and inftead of go-
ing on in the rectilineal direction ABE, it is bent
downward in the water from Bto ¢; the whole
bend being at the furface of the water : and {o of
all the other rays a 4¢.

If a ftick be laid over the veffe]l, and the fun’s
rays be refleCted from a glafs perpendicularly into
the veflel, the fhadow of the ftick wiil fall upon
the fame part of che bottom, whether the vefic] be
empty or full ; which fhews, that the rays of
light are not refracted when they fall perpendicu-
larly on the furface of any medium.

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

P2 The
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The rays of light are as much refratted by
pafling out of water into air, as by pafling out of
air _into water. Thus, if a ray of light flows
from the point ¢, under water, in the direction
¢ B; when it comes to the {furface of the water at
B, it will not go on thence in the rectilineal courle
Bd, but will be refrafted into the line La.
Therefore,

To an eye at e looking through a plane glafs in
the bottom of the empty vefiel, the point a cannot
be feen, becaufe the fide B¢ of the veflel inter-
pofes ; and the point d will juft be feen over the
edge of the vefiel at B. But if the vefiel be filled
with water, the point ¢ will be feen from ¢; and
will appear as at d, elevated in the diretion of the
ray ¢b*.

The time of fun-rifing or fetting, fuppofing its

Thedays rays fuffered no reira&mn is eahiy found by cal-

' if;é:}ﬁf culation. But st tn proves that the fan

the refiac- rifes fooner, and fets later every day than the cal-
tion of the

fn's rays, culated time ; the reafon of which is plain from

what was faid immediately above. For, though

the fun’s rays do not come part of their way to us

_through water, yet they do through the air or at-

mofphere, which being a groffer medium than the

free {pace between the {un and the top of the at-

* Hence apiece of money lying ate, in the bottom of an
empty vellel, cannot be feea by an eye at 2, becaufe the edge of
- the vellel intervenes ; but let the veflel be filled with water, and
the ray ed being then refratted at B, will flrike the eye at @, and
fo render the money vifible, wh'ch will appear as if it were
raifed up to /£ in the line ¢ B /.

. mofphere,



Of optics. 213
molphere, the rays, by entering obliquely into the
atmofphere are there refratted, and thence bent
down to the earth. And although there are many
places of the earth to which the fun is vertical at
noon, and confequently his rays can fuffer no re-
trattion at that time, becaufe they come perpendi-
cularly through the atmofphere ; yet there is no
place to which the fun’s rays do not fall obliquely
on the top of the atmofphere, at his rifing and
fetting 3 and confequently, no clear day in which
the {un will not be vifible before he rifes in the
horizon, and after he fets in it : and the longer or
{horter, as the atmofphere is more or lefs replete
with vapours. . For, let #BC be part of the earth’sFig. 1,
{urface, DEF the atmolphere that covers it, and
£ BGH the horizon of an obferver at B. As
every point of the fun’s furface fends out rays of -
light in all manner of dire€tions, fome of his rays
will conftantly fall upon, and enlighten, one half
of our atmﬂfp'here; and therefore, when the fun
is at J, below the horizon H, thofe rays which go
on in the free fpace kK preferve a rettilineal
courfe until they fall upon the top of the armo-
{phere ; and thofe which fall fo about K, are re-
frated at their entrance into the atmoiphere, and
bent down in the line KeB, to the obferver’s place
at B: and therefore, the fun will appear at L, in
the direction of the ray Be K, above the horizon
BG H, when he is really below it at I.

The angle contained between a ray of light,
and a perpendicular to the gefracting furface, is

called the angle of incidence ; and the angle con- Aule of in-
Pog CRiniel) e
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tained between the fame perpendicular, and the
fame ray after refraction, is called the angle of re-

fradlion. Thus, let LBM be the refraéting fur-

face of a medium (fuppofe water) and 4BC a per-
pendicular to that furface ; let DB be a ray of
light, going out of air into water at B, and therein
refracted in the line B H; the angle ABD, is the
angle of incidence, of which D F'is the fine; and
the angle KBH, is the angle of refraction, whofe
fine is KL

When the refra&ing medium is water, the fine
of the angle of incidence is to the fine of the an-
gle of refrattion, as 4 to 3; which is confirmed
by the following experiment, taken from Doctor
SMITH’s optics.

Defcribe the circle DAEC on a plane {quare
board, and crofs it at right angles with the ftraight
lines ABC, and LBM; then, from the inter-
{fection 4, with any opening of the compaffes, fet
off the equal arcs AD and A4 FE, and draw the
risht line DFE : then, taking Fa, which is tlree
quarters of the length FE, from the point a,
draw a [ parallel to #BK, and join KI, parallel
to BM : fo K1 will be equal to three quarters of
FE orof DF. This done, fix the board upright
upon the leaden pedeftal O, and flick three pins
perpendicularly into the board, at the points D, B,
and I: then fet the board upright into the vefiel
TUV, and fill up the veflel with water to the line
L.BM. When the water has fettled, look along
the line DB, fo as' you may fee the head of the
pin B over the head of the pin D; and the pin I

- will
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will appear in the fame right line produced to G,
for its head will be feen juft over the head of the
pin at B: which fhews, that the ray I B, coming

from the pin at I, is {o refracted at B, as to pro-

ceed from thence in the line BD to the eye of the
obferver; the fame as it would do from any point
G in the right line DBG, if there were no water
in the veflel : and alfo fhews, that K/, the fine of
refration in water, is tu D F, the fine of inci-
dence in air, as 3 to 4%,

Hence, if DBH were a crooked ﬁick put ob-
liquely into the water, it would appear a ftraight
one, as DBG. Therefore, as the line B H appears
at BG, {o the line BG will appear at Bg ; and con-
fequently, a ftraight ftick D BG put obliquely into
water, will feem bent at the {urface of the water in
B, and crooked as D Byg.

When a ray of light pafies out of air into glafs,
the {ine of incidence is to the fine of refraltion, as
3 to 2; and when out of air into a diamond, as
5 to 2,

Glafs may be ground into eight different fhapes
at leaft, for optical purpofes, viz.

215

1. A plane-glafs, which is flat on both fides, Fig. s

and of equal thicknefs in all its parts, as 4.

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

3. A double-convex, which is convex on both
{ides, as C.

* This is ftrictly true of the red rays only, for the other co-
loured rays are differently refrafted ; but the difference is fo
isnall, that it need not be confidered in this place.

b 4 5
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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 bath'
fides, as E.

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

7. A flat-plang-convex, whofe convex f[ide is
ground into feveral little flat furfaces, as (.

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

Glafles ground into any of the above fhapes B,
C,D,E,F, are generally called Jenfes.

A right line L IK, going perpendicularly through
the middle of a lens, is called the axis of the lens.

* A ray of light G4, falling perpéndicularly on a
plain glafs £F, will pafs through the glafs in the

{ame direétion bi, and go out of it into the air in

the fame right courfe 7 H.

A ray of light A B, falling obliquely on a plain
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 rtfra&ed in the line BC, and in
leaving the glafs, it will be refracted in the line C D.

A ray of light CD, falling obliquely on the
middle of a convex glafs, will go forward in the
fame direction DE, as if it had fallen with the
fame degree of obliquity on a plane glafs; and
will go out of the glafs in the fame dire&tion with
which it entered : for it will be equally refraded
at the points D and F, as if it had pafled through
2 plane furface. But the rays CG and €1, will

ke
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be fo refrafed, as to meet again at the point F.
Therefore, all the rays which flow from the point
C, {o as to touch the glafs, will meet again at F;
and if they go farther onward, as to L, they crofs
at F, and go forward on the oppofite fides of the
middle ray C DE F, to what they were in approach-
ing it in the dire¢tions HF and KZ.

- When parallel rays, as 4BC, fall dlre&yupnn Fig. *.
a plano-convex glafs DE, and pafs thmugh it, ]{iﬁr‘;}
they will be {o refra&ed as to unite in a pmntfdlffﬂlcnt
behind it; and this point is called the prmﬂpai g
focus 5 the diftance of which, from the middle of
the glafs, is called the focal diffance; which is equal
to twice the radius of the fphere of the glafs’s con-
vexity. And,

When parallel rays, as 4BC, fall diretly uponTFig. s.
a glafs DE, which is equally convex on both fides,
and pafs through it; they will be fo refraced, as
to meet in a point or principal focus f, whofe di-
ftance is equal to the radius or femidiameter of
the fphere of the glaf’s convexity. But, if a
glals be more convex on one fide than on the
other, the rule for finding the focal diftance is this;
as the fum of the femidiameters of both con-
vexities is to the femidiameter of either, fo is dou-
ble the femidiameter of the other to the diftance
of the focus. Or, divide the double produét of
the radii by their fum, and the quotient will be
the diftance fought.

Since all thofe rays of the fun which pafs through -
a convex glafs are colle€ted together in its focus,
the force of all their hgat is colleted into that

part ;
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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 pafiing
through it.

All thefe rays crofs the middle ray in the focus
f and then diverge from it in the fame manner:
FfG, 'as they converged in the fpace DfE in

. CD]"F"I]H'D' to 1t.

If avother glafs FG, of the fame convexity as
DE, be placed in the rays at the fame diftance
from the focus, it will refrat them fo, as that
after going out of it, they will be all parallel, as
a,b,¢ 5 and go on in the fame manner as they came
to the firlt glafs DE, through the {pace #BC; but
on the contrary fides of the middle ray Bfé: for
the ray ADf will go on from f in the diretion
fGa, and the ray CEf in the dlre&mn fFe¢; and
fo of the reft.

The rays diverge from any radlant point, as
from a principal focus : theretore, if a candle be
placed at f, in the focus of the convex glafs FG,
the diverging rays in the {pace FfG, will be {o re-
fralted by the glafs, as, that after going out of it,
they will all become parallel, as fhewn in the {pace
cha.

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

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

palling
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pafling through the glafs, and meet in a point,
which will be more or lefs diftant from the glals.
as the candle is nearer to, or farther from, it fo-
cus : and where the rays meet, they wili form an
inverted image of the flame of the candle ; which

may be feen on a paper placed in the meeting of
the rays.
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Hence, if any objet 4Be¢, be placed beyond hw XVI,

the focus F, of the convex glafs def, fome of the '
rays which flow from every point of the objett,
on the fide next the glafs, will fall upon it, and
after paffling through it, they will be converged
into as many points on the oppofite fide of the
olafs, where the image of every point will be
formed ; and confequently, the image of the whole
objeét, which will be inverted. Thus, the rays
Ad, Ae, Af, flowing from the point 4, will con-
verge in the {pace daf, and by meeting at ¢, will
there form the image of the point 4. The rays
Bd, Be, Bf, flowing from the point B, will be
united at & by the refration 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 €. And {o of all the other intermediate
points between 4 and C. The rays which flow
from every particular point of the objeét, and are
united again by the glafs, are called @ pencil of
rays. |

If the objeét ABC be brought nearer to the
glafs, the picture a4¢ will be removed to a greater
diftance.  For then, more rays flowing from every

fingle .

1.._.. |
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fingle point, will fall more diverging upon the glafs ;
and therefore cannot be fo foon colleted into the
correfponding points behind it. Confequently, if
the diftance of the objet 4 BC, be equal to the
diftance ¢ B of the focus 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; as I, H, b, from the point C; G,K, D,
from the point B; and &, E, L, from the point A4:
and therefore, there will be no picture formed be=
hind the glafs.

If the focal diftance of the glafs, and the di-
ftance of the objeét from the glafs; be known;
the diftance of the picture 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 produét by their difference ; the quotient will
be the diftance of the picture.

The picture will be as much bigger or lefs than
the object, as its diftance from the glafs is greater
or lefs than the diftance of the objet. For, as
Beisto eb, fois ACto ac. So that, if 4BC be
the object, cad will be the picture; or, if cab be
the object, 4 BC will be the picture.

Having defcribed how the rays of light, flowing
from objetts and paffing through convex glafles,
are collected into points, and form the images of
the objeéts; it will be eafy to underftand how the
rays are effeted by pafling through the humours
of the eye, and are thereby colletted into innu-
merable points on the bottom of ‘the eye, and

thereon form the images of the objects which they
flow
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flow from. For, the different humours of the eye,
and particularly the chryftalline humour, are to be
confidered as a convex glafs ; and the rays in paf-
fing through them, to be effeted in the fame man-
ner as in pafling through a convex glafs.
The eye is nearly globular. Itconfifts of three Fig. ;.
coats and three humours. The part DHHG of
the outer coat, is called the fclerotica, the reft
GFED the cornea. Next within this coat is that
called the choroides, which ferves as it were for a
lining to the other, and joins with the iris mn, mn.
The #ris is compofed of two fets of mufcular fibres;
the one of a circular form, which contrat the hole
in the middle, called the pupi/, when the light
would otherwife be too ftrong for the eye ; and the Theeye
other of radial fibres, tending every where from the d*fibed-
circumference of the iris towards the middle of the
pupil; which fibres, by their contraction, dilate and
enlarge the pupil when the light is weak, in order
to take 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 retina ; upon
which are painted (as it were) the images of all vi-
fible objects, by the rays of light which either flow
or are refleted from them.
Under the cornea is a fine tranfparent fluid like
water, which is therefore called the agueous bumour.
It gives a protuberant figure to the cornea, fills
the two cavities mm and #»#, which communicate
by the pupil P, and has the fame limpidity, fpe-
cific gravity, and refraétive power, as water,——At
the



222

Of optics.
the back of this lies the cbryfalline bumour 11,
which is fhaped like a double convex glafs ; and
is a little more convex on the back than the fore

part. Itconverges the rays, which pafs through it

from every vifible object, to its focus at the bot-
tom of the eye. This humour is tranfparent like
chryftal, is of the confiftence of hard jelly, and
exceeds the fpecific gravity of water in the propor-
tion of 11 to 10. It is inclofed in a fine tranfpa=-
rent membrane, from which proceed radial fibres
oo, called the ligamentum ciliare, all around its
edge; and join to the circumference of the iris.
Thefe fibres have a power of contralting and dilat-
ing occafionally, by which means they alter the
thape or convexity of the chryftalline humour,
arid alfo fhiftit a little backward or forward in the
eye, fo as to adapt its focal diftance at the bottom
of the eye to the different diftances of objeéts ;
without which provifion, we could fee only thefe
objeéts diftinctly, that were all at one diftance from
the eye.

At the back of the chryftalline, lies the vitreeus
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. Itis much
of a confiftence with the white of anegg, andvery
little exceeds the fpecific gravity and refrative
power of water.

As every point of an obje& 4 BC fends out rays
in all directions, fome rays from every point on the
fide next the eye will fall upon the cornea, between
£ and F 3 and by paffingon, through the humours

| and
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and pupil of the eye, they will be converged to as
many points on the retina or bottom of the eye,
and will thereon form a diltinct inverted picture
abe of the object. Thus, the pencil of raysgrs,
that flows from the point.Zof the object, will be con~
verged to the point  on the retina ; thofe from the
point B will be converged to the point 4; thofe
from the point C will be converged to the point ¢,
and fo of all the intermediate points; by which
means the whole image aé¢ is formed, and the ob-
je¢t made vifible ; although it muft be owned, that
the method by which this fenfation is carried from
the eye by the opric nerve to the commcen fenfory
in the brain, and there difcerned, is above the
reach of our comprehenfion.

But, thar vifion is effelted in this manner, may
be demonftrated experimentally. Take a bullock’s
eye whilft it is freth, and having cut off the. three
coats from the back part, quite to the vitreous
humour, put a piece of white paper over that past,
and hold the eye towards any bright objeét, and

- you will fee an inverted picture of itupon the paper.
Since the image 1s inverted, many have wondered
why the object appears upright. But we are to
confider, 1. that inverted is ouly a relative term ;
and 2. that there is a very great difference between
the real object and the means or image by which we
perceive it. When all the parts of a diftant profpeét
are painted upon the retina, they are all right with
refpect to one another, as well as the parts of the
profpectitielf ; and we can only judge of an objeét’s
being inverted, when it is turned reverfe to its natural
pofition with refpelt to other ohjects which we fee
and

223
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and compare it with.—If we lay hold of an up-
right ftick in the dark, we can tell which is the
upper or lower part of it, by moving 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 direting our eyes towards a tall obje&, we
cannot fee its top by turning our eyes downward,
nor its foot by turning our eyes upward ; but muft
trace the object the fame way by the eye to fee it
from head to foot, as we do by the hand to feel
it : and as the judgment is informed by the motion
of the hand in one cafe, fo it is alfo by the metion
of the eye in the other. .

. InFig. 4. is exhibited the manner of feeing the
fame object 4B C, by both the eyes Dand E at
once.

When any part of the image ab¢ falls upon
the optic nerve L, the correfponding part of the
objeét becomes invifible. On which account, na-
ture has wilely 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 ab¢, falls upon
the optic nerve of the eye D, but not of the eye
E ; and the point ¢ falls upon the optic nerve of
the eye E, but notof theeye D: and therefore, to
both eyes taken together, the whole obje&t ABC is
vifible.

The nearer that any objedt is to the eye, the

larger is the angle under which it is feen, and the
magnitude
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magnitude under which it appears. Thus to the
eye D), the object 4BC is {feéen under the angle PlatexViL
APC; and its image abc is very ldrge upon the Hiel.
retina : But to the eye E at a double diftance, the
fame object is feen under the angle A4 p C, which is
equal only to half theangle 4P C, asisevident by
the figure. The image 2 b ¢ is likewife twice as
large in the eye D, as the image aéc¢ is in the eye
E. In both thefe reprefentations, a part of the
image falls on the optic nerve, and the objet in
the correfponding part is invifible.

Asthe fenfe of feeing is allowed to be occaflioned
by the impulfe of the rays from the vifible object
upon the retina of the eye, and forming the
image of the object thereon, and that the retina
is only the expanfion of the optic nerve all over the
choroides ; it (hould feem furprifing, that the part
of the image which falls on the nerve fhould render
the like part of the object invifible ; efpecially, as
the nerve is allowed to be the inftrument by which
the impulfe and image are conveyed to the common
fenfory in the brain. But this difficulty vanithes,
when we confider that there is an artery within the
trunk of the optic nerve, which entirely obfcures
the image in that part, and conveys no fenfation to
the brain.

That the part of the image which falls upon the
| middle of thc optic nerve is loft, and confequently
| the correfponding part of the obje& rendered invi-
. fible, is plain by experiment. For, if a perfon
| fixes three patches 4, B, C, upon a white wall, at the Fig. 4.
height of the eye, and the diftance of about a foot

Q. from
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from each other, and places himfelf before them,
thutting the right eye, and direfting the left to-
wards the patch C, he will fee the patches 4 and
C, but the middle patch B will difappear. Or, if
he fhuts his left eye, and dire&s the right towards
A, hewill fee both 4 and C, but B will difappear ;
and if he direfts his eye towards B, he will fee both
B and A4, but not C. For whatever patch is di-
rectly oppofite to the optic nerve N vanithes. This
requires a little practice, after which he will find it
eafy to direct his eye fo, as to lofe the fight of
whatever patch he pleafes. |

We are not commonly fenfible of this difap-
pearance, becaufe the motions of the eye are fo
quick and inftantaneous, that we no fooner lofe the
fight of any part of an object, than we recover it
again ; much the fame as in the twinkling of our
eyes, for at each twinkling we are blinded ; but it
is {o foon over, that we are {carce ever fenfible of -
it.

Egia- Some eyes require the affiftance of convex glaf-
fes to make them fee objects diftinétly, and others
of concave. If either the cornea ad¢ or chryftal-

ki line humour e, or bothof them, be too flat, as in

evesve.  the eye A, their focus will not be on the retina, as

1;2';11*“ at d, where it ought to be, in order to render vifion

~ diftin& ; but beyond the eye, as at f. And therefore,
thofe rays which flow from the objeét C, and pafs
through the humours of the eye, are not converg-

ed enough to unite at 4 ; and therefore the ob-
ferver can have but a very indiftinét view of the
objeét, This is remedied by placing a convex
glafs
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 glafs g b before the eye, which makes the rays con-
; verge fooner, and imprints the image duly on the
l' etina.

If either the cornéa, or chryﬂcalhne humour, or
both of them, be too convex, as in the eye B, the
rays that enter it from the obje&t C, will be con-
verged to a focus in the vitreous humour, as at f3
and by diverging from thence to the retina, will
form a very confufed image thereon: and, fo of
courfe, the obferver will have as confufed a view of
the object as if his eye had been too flat. This in-
convenience is remedied by placing a concave glafs
g b before the eye ; which glafs, by caufing the rays
to diverge between it and the eye, lengthens the fo-
cal diftance fo; thatif the glafs be properly chofen,
the rays will unite at the retina, and form a diftinét
picture of the objeét upon it. -

' Such eyes as have their humours of a due con-

| vexity, cannot fee any object diftinctly at a lefs

' diftance than fix inches ; and there are numberlefs

' objets too fmall to be feen at that diftance, becaufe

| they cannot appear under any fenfible angle. The

' method of viewing fuch minute objeéts is by a

' microfcope, of which there are three forts, viz. the

| fingle, the double, and the folor.

. The fingle microfcope is only a {mall convex glafs, Fig. s
as cd, having the objett 44 placed in its focus, and

' the eye at the fame diftance on the other fide ; that

' the rays of each pencil, flowing from every point of

the object on the fide next the glafs, may go on
parallel to theeye, after pafling through the glafs; The fingie
' and then, by entering the eye at C, th&y will ba;};;'f‘
Q.2 converged
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converged to as many different points on the retinz,
and form a large inverted piGure 4 B upon it, a3
in the figure.

To find how much this glafs magnifies, divide
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 thew how much the glafs magnifies
the diameter of the object.

The double or compound microfcope, confifts of an
object-glafs ¢d, and an eye-glafs ef. The fmall

objett @ 4 is placed at a little greater diftance from

the glafs ¢4 than its principal focus, fo that the
pencils of rays flowing from the different points of
the object, and pafling through the glafs, may be
made to converge, and unite in as many points be-
tween g and b, where the image of the obje&t wilk
be formed: which imageis viewed by theeye through
the eye-glafs ¢ f. For the eye-glafs being fo placed,
that the image g b may be in its focus, and the eye
much about the fame diftance on the other fide, the
rays of each pencil will be parallel, after going out of
the eye-glafs, as at e and f, till they come to the eye
at k, where they will begin to converge by the re-
fractive power of the humours ; and after having
croffed each other in the pupil, and paffed through
the chryftalline and vitreous humeurs, they will be
collected 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 &, to be {ix times the
diftance of the object 44 from the objeét-glafs ¢4 ;

then
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Of optics. z22q
then will the image be fix times the length of the
object : but fince the image could not be fecen
diftin¢tly by the bare eye at a lefs diftance than fix
inches, if it be viewed by an eye-glafs ¢ £, 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 ; fo that it will
be again magnified fix times; that is, {ix times by
the object glafs, and fix times by the eye-glafs;
which multiplied into one another make 36 times :
and fo much is the object magnified in diameter,
more than what it appears to the bare eye ; and
confequently g6 times 36, or 1296 times in
furface. , -

But, becaufe the extent or field of view is very
fmall in this microfcope, there are generally two
eye-glafies, placed fometimes clofe together, and
fometimes an inch afunder ; by which means, al-
~though the object appears lefs magnified, yet the
vifible area is much enlarged by the interpofition of
a fecond ey&ﬂafs ; and confequently a much
- pleafanter view is obtained.

The folar m:ﬁaﬁapf, invented by Dr. Lzeiwfr!cbzm Fig. 7.
16 conftructed in the following manner. I-I:a.vmcr
pmcured a very dark room, let a round hole be :‘nadﬂ-
in the window-fhutter, about three inches diameter,
through which the fun may caft a cylinder of rays
A A into the room. In this hole, place the end of The flar
a fube containing two convex glaffes and an obj e&,jf;;’f'
viz. I. A convex glafs za4, of about two inches
diameter, and three inches focal diftance, is to be
placed in that end of the tube which is put into

Q.3 the
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the hole. 2. The objeét 45, being put between
two glaffes (which muft be concave to hold it at
liberty) is placed about two inches and an half
from the glafs 4. 3. A little more than a quarter
of an inch from the object, 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 4.4 may enter diretly into it :
but when he is high, his rays BB muft be re-
fAle@ed into the tube by the plane mirrour or looking-
glafs CC.

Things being thus prepared, the rays that enter
the tube will be conveyed by the glafs 22 towards
thé object 45, by which means it will be {trongly
illuminated ; and the rays 4 which flow from it,
through the convex glafs ce, will make a large
inverted picture of the objeét at DD, which, be-
ing received on a white paper, will reprefent the
obje€t magnified in length, in proportion of the
diftance of the picture from the glafs ce¢, to the
diftance of the object from the fame glafs. Thus,
fuppofe the diftance of the objeét from the glafs
to be ;- parts of aninch, and the diftance of the
diftin¢t picture 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 times the picture is longer or broader
than the objeét: and the length multiplied by the
breadth thews how much the whole furface is mag-
nified,

Before.
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Before we enter upon the defcription of tele- Tdgopes.
fcopes, it will be proper to fhew how the rays of
light are affected by paffing through concave glafies,
and by falling upon eoncave mirrours,

When parallel rays, as abcdefgh, pafs directly Pl XVIIL
through a glafs 4B, which is equally concave on™'$" **
both fides, they will diverge after 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 negative or virtual focus of the

. slafs, Thus, the ray 4, after paffing through the
' glafs 4B, will go on in the diretion £/, as if it
had proceeded from the point C, and no glafs in
the way. The ray & will go on in the diretion
mun; the ray ¢ in the direCtion ¢p, Je.—The ray
C, that falls directly upon the middle of the glafs,
fuffers no refraction in pafling through it; but
goes on in the fame rectilineal direction, as if no
. glafs had been in its way.

ﬁ If the glafs had been concave only on one fide,
. and the other fide quite plane, the rays would

- have diverged, after pafling through it, as if they
~ had come from a radiant point at double the di-
ftance of C 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 fuch 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 glals had
been in the way; and will incline towards the fame
fide to- which they would have diverged, if they

2 4 had
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had come parallel to the glafs. Thus, the rays f
and b, going in a converging {tate towards the
edge of the glafs at B, and converging more in their
way to it than the parallel rays diverge after pafiing
through it, they will go on converging after they
pafs through it; though in a lefs degree than they
did before, and will meer at Z: but if no glafs
had been in their way, they would have met at 7.

When parallel rays, as dfa, Cmb, elec, fall upon

a concave mirrour 4 B (which is not tranfparent,
but has only the furface 458 of a clear polifh)
they will be refle¢ted back frcm that mirrour ; and
meet in a point #z, at half the diftance of the fur-
face of the mirrour from C, the center of its
concavity : for they will be refleCted at as great
an angle from a perpendicular to the furface of the
mirrour, as they fell upon it, with regard to that
perpendicular 3 but on the other fide thereof.
Thus, let C be the center of concavity of the
miryour A4 B, and let the parallel rays dfa, Cmb,
and ¢/¢, fall upon it at the points 4,4, and ¢,
Draw the lines Cia, Cmb, and Che, from the
center C to thefe points ; all which will be perpens
dicular to the furface of the mirrour, becaufe they
proceed thereto like fo many radii or fpokes from
its center. Make the angle Cab equal to the an-
gle daC, and draw the line amb, which will be
the direction of the ray dfa, after it is refleted
from the point 2 of the mirrour: fo that the angle
of incidence d2C, is equal to the angle of re-
fleCtion Cab; the rays making equal angles with
the perpendicular Cia on its nppnﬁ;e fides.
" : Dray

3
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Draw alfo the perpendicular Che to the point
¢, where the ray e/c touches the mirrour; and,
having made the angle C¢/ equal to the angle Cee,
draw the line cmi, which will be the courfe of the
ray e/c, after it is refleCted from the mirrcur.

The ray Cmé pafling through the center of con-
cavity of the mirrour, and falling upon it at 4, is
perpendicular to it; and is therefore reflected back
from it in the fame line smC.

All thefe reflected rays meet in the point#; and
in that point the image of the body' which emits

the parallel rays da, Cé, and e¢, will be formed =

which point is diftant from the mirrour equal to
half the radius ##C of its concavity.

The rays which proceed from any celeftial ob-
ject may be efteemed parallel at the earth; and
therefore, the images of that object will be formed
at m, when the refleCting furface of the concave
mirrour is turned direétly towards the object.
Hence, the focus m of parallel rays is not in the
center of the mirrour’s concavity, but halt way
between the mirrour and that center.

The rays which proceed from any remote terref=
trial object, are nearly parallel at the mirrour ; not
ftrictly {o, but come diverging to it, in fcparate
pencils, or, as it were, bundles of rays, from each
point of the fide of the objet next the mirrour s
and therefore they will not be converged ta a point,
at the diftance of half the radius of the mirrour’s
concavity from its refle¢ting furface ; but into fe-
parate points at a little greater diftance from the
mirrour.  And the nearer the objet is to the mir-

rour,
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rour, the farther thefe points will be from it; and
in them an inverted image of the object will be
formed, which will feem to hang pendent in the
air; and will be feen by an eye placed beyond it
(with regard to the mirrour) in all refpeéts like the
object, and as diftinét as the object itfelf,

Let AcB be the reflecting {urface of a mirrour,
whofe center of concavity is at C; and let the up-
richt objet DE be placed beyond the center G,
and fend out a conical pencil or bundle of diverg-
ing rays from its upper extremity D, to every point
of the concave furface of the mirrour Ac¢B. But
to avoid confufion, we only draw three rays of that
pencil;-as DA, D¢, D B. |

From the center of concavity C, draw the three
right lines C4, C¢, CB, touching the mirrour in
the fame points where the forefaid rays touch it;
and all thefe lines will be perpendicular to the fur-
face of the mirrour. Make the angle C 4d, equal
to the angle D 4C, and draw the right line 44 for
the courfe of the refleCted ray D 4: make the an-
gle Ccd equal to the angle DcC, and draw the
right line ¢d for the courfe of the reflected ray Dd:
make alfo the angle C Bd equal to the angle D BC,
and draw the right line Bd for the courfe of the
refleCted ray DB. All thefe reflefted rays will
meet in the point d, where they will form the ex-
tremity 4 of the inverted image ed, fimilar to the
extremity D of the upright obje@ D E.

If the pencil of rays Efgb be alfo ¢ontinued
to the mirrour, and their angles of refleGion from
it be made equal to their angles of incidence upon

ity



e ——— e - -

Of optics.
it, as in the former pencil from D, they will all
meet at ¢ by refleCtion, and form the extremity e
of the image ed, fimilar to the extremity E of the
objeét DE.

And as each intermediate point of the objet,
between D and £, fends out a pencil of rays in
like manner to every point of the mirrour, the
rays of each pencil will be refleted back from it,
and meet in as many intermediate points between
the extremirties ¢ and 4 of the image; and fo the
whole image will be formed, not at i, half the
diftance of the mirrour from its center of conca-
vity C; but at a greater diftance, between 7 and
the object D E: 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
mirrour of the refle¢ting telefcope, when he comes
to the defcription of that inftrument.

When the object is more remote from the mir-
rour than its center of concavity C, the image will
be lefs than the objeét, and between the object and
mirrour : when the object is nearer than the center
of concavity, the image will be more remote and
bigger than the object: thus, if D E be the ob-
ject, ed will be its image; burt if ed be the objedt,
D E will be its image ; for, as the object recedes
from the mirrour, the image approaches nearer to
it; and as the object approaches nearer to the mir-
rour, the image recedes farther from it 3 on account
of the lefler or greater divergency of the pencils
of rays which proceed from the object: for, the

lefs
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lefs they diverge, the fooner they are converged to’
points by refletion ; and the more they diverge,
the farther they muft be refleéted before they meet.

If the radius of the mirrour’s concavity and the
diftance of the object from it be known, the dif-
tance of the image from the mirrour is found by
this rule; divide the product of the diftance and
radius, by double the diftance made lefs by the ra-
dius, and the quotient is the diftance required.

If the objeft be in the center of the mirrour’s
concavity, the image and object will be cuincidtnt,
and equal in bulk.

If a man places himfelf d1re&ly bcfore a Iarge:
concave mircour, but farther from it than its center
of concavity, he will fee an inverted image of
himfelf in the air, between him and the mirrour,
of alefs fize than himfelf. And if he holds out
his hand towards the mirrour, the hand of the

~ image will come out towards his hand, and coin-

cide with it, of an equal bulk, when his hand is
in the center of concavity ; 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
{ide, the hand of the image will move towards the
other; fo that whatever way the object mmres, the
1mage will move the contrary.

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
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If a fire be made in a large room, and a f{ihooth
mahogony table be placed at a good diftance near
the wall, before a large concave mirrour, fo placed
that the light of the fire may be refletted from the
mirrour 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 mirrour, he will fee an image of the
fire upon the table, large and eret. And if
another perfon, 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 would be ftartled at the appearance; for the
table would feem to be on fire, and by being near
the wainfcot, to endanger the whole houfe, In this
experiment, there fhould be no light in the room
but what proceeds from the fire ; and the mirrour
ought to be at leaft fifteen inches in diameter.

If the fire be darkened by a fcreen, and a large
candle be placed at the back of the fcreen; a
perfon ftanding by the candle will fee the appear-
ance of a fine large ftar, or rather planet, upon the
table as bright as Venus or Jupiter. And if a
fmall wax taper (whofe flame is much 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 be moved round the candle, the
fatellite will go round the planet.
~ For thefe two pleafing experiments, I am in-
debted to the reverend Dr. LONG, Lowndes’s
profeffor of aftronomy at Cambridge, who fa-

' | voured
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voured me with the fight of them, and many more
of his curious inventions.

Ina r.gfmﬁmg iefqﬁ:'ﬂ_pe, the glafs which is neareft
“the object in viewing it, is called the objefi-glafs
and that which is neareft the eye, is called zbe eye-
glafs. The objet-glafs muft be convex, but the
eye-glafs 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 naot
very material : for the diftance of the eye, as to
diftinét vifion, is indifferent, provided the rays of
the pencils fall upon it parallel : only, the nearer
the eye is to the end of the telefcope, the larger
1s the fcope or area of the field of view.

Liet ¢d be a convex glafs fixed in a long tube,
and have its focus at £. Then, a pencil of rays
ghi, flowing from the upper extremity A4 of the
remote objet 4B, will be fo refratted by paffing
through the glafs, as to converge and meet in the
point f; whilft the pencil of rays k/m, flowing
from the lower extremity B, of the fame objet
AB, and paffing through the glafs, will converge
and meet in the point e : and in thefe points f and
e, the images of the points /£ and B will be formed.
And as all the intermediate points of the obje,
between 4 and B, fend out pencils of rays in the
fame manner, a fufficient number of thefe pencils
will pafs through the obje&t-glafs ¢4, and con-
verge to as many intermediate points between ¢ and
15 and fo will form the whole inverted image ¢ Ef,
of the diftinét object. But becaufe this image is
{mall, a concave glafs #o, is fo placed in the end

of
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of the tube next the eye, that its virtual focus
may be at F. And as the pencils of rays pafs
converging through the concave glafs, but con-
verge lefs after pafling through it than before, they
go on further, as to 4 and a4, 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 & upon the
retina, whereon it is magpified under the angle 4 Fa.

But this telefcope has one inconveniency which
renders it unfit for moft purpofes, which is, that
the pencils of rays being made to diverge by paffing
through the concave glafs #o, very few of them
can enter the pupil of the eye; and therefore the
field of view is but very fmall, as is evident by
the figure. For none of the pencils which flow
either frem the top or bottom of the objett 4B
can enter the pupil of the eye at C, but are all ftopt
by falling upon the iris above and below the pupii:
and therefore, only the middle part of the objeét
can be feen when the telefcope lies direétly towards

. it, by means of thofe rays which proceed from the

middle of the objeét. So that to fee the whole of
it, the telefcope muft be moved upwards and down-
wards, unlefs the objeét be very remote; and then
it is never feen diftinétly.
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This inconvenience is remedied by fubftituting aFig, .

convex eye-glafs, as gb, 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 rays of the pen-
cils flowing from the obje¢t 4B, and paffing

through
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through the objett-glafs ¢4, will meet in its focus,
and form the inverted image mEZp: and as the
image is formed in the focus of the eye-glafs g2,
the rays of each pencil will be parallel, after pafling
through that glafs; but the pencils them{elves will
crofs in its focus on the other fide, as at ¢: and
the pupil of the eye being in this'focus, the image
will be viewed through the glafs, under the angle
gebs and being at E, it will appear magnified, o
as to fill the whole fpace Cmep D.

But, as this telefcope inverts the image with re-
fpect to the objet, it gives an unpleafant view of
terreftrial objeéts; and is only fit for viewing the
heavenly bodies, in which we regard not their po-
fition, becaufe their being inverted does not appear,
on account of their being round. But whatever
way the objet feems to move, this telefcope muft
be moved the contrary way, in order to Leep fight
of it; for, fince the objec is inverted, its mntmn
will be fo too.

The magnifying power of this telefcope is, as
the focal diftance of the objeft-glafs to the focal
diftance of the eye-glafs. Therefore, if the former
be divided by the latter, the quotient will- exprefs
the magnifying power.

When we {peak of the magnifying of a telefcope
or microfcope, it is only meant with regard to the
diameter, dot the area nor folidity of the object.
But as the inftrument magnifies the vertical diame-
ter, as much as it does the horizontal, it is eafy to
find how much the whole vifible area or furface is
magnified : for, if the diameters be multiplied into

one
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one another, the produ& will exprefs the magni-

fication of the whole vifible area. Thus, fuppofe -

the focal diftance of the objet-glafs be ten times
as great as the focal diftance of the eye-glafs; then,
the object will be magnified ten times, both in
length and breadth : and ro multiplied by 10, pro-
duces 1003 which fhews, that the area of the ob-

- ject 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-glafs were equal to the focal diftance of
the object-glafs, the magnifying power of the te-
lefcope would be nothing.

This telefcope may be made to magnify in any
given degree, provided it be of a fufficient length,
For, the greater the focal diftance of the objeét-
glafs, the lefs may be the focal diftance of the eye-
glafs ; though not directly in proportion. Thus,
an objeft-glafs, of 10 feet focal diftance, will ad-
mit of an eye-glafs, whofe focal diftance is little

- more than 2+ inches ; which will magnify near 48

times : but an object-glafs, of 100 feet focus, will
require an eye-glafs fomewhat more than 6 inches;
and will therefore magnify almoft 200 times.

A telefcope for viewing terreftrial objects, thould
be fo conftruéted, as to thew them in their natural
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pofture. And this is done by one object-glafs ¢d, Fig. 6.

and three eye-glafles ef, gb, ik, {o placed, that
the diftance between any two, which are neareft to
each other, may be equal to the fum of their focal
diftances ; as in the figure, where the foaus of the
glaffes ¢4 and ef meet at F, thofe of the glaffes ¢f

R and
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and gh, meet at /, and of gh and ik, at m; the
eye being at », in or near the focus of the eye-
glafs ik, on the other fide. Then, it is plain, that
thefe pencils of rays, which flow from the objet
AB, and pafs through the objeét-glafs ¢d, will
meet and form an inverted image CFD in the fo-
cus of that glafs; and the image being alfo in the
focus of the glafs ef, the rays of the pencils will
become parallel, after pafling through that glafs,
and crofs in its oppofite focus at /; from whence
they pafs-on to the next glafs ¢b, and by going
through it they are converged to points in its other
focus, where they form an ereét image EmF, of
the objet 4B : and as this image is alfo in the
focus of the eye-glafs ik, and the eye on the op-
pofite fide of the fame glafs ; the image is viewed
through the eye glafs in this telefcope, in the fame
manner as through the eye-glafs in the former one;
only in a contrary pofition, that is, in the fame
pofition with the object.

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; wiz. by dividing the focal dif-
tance of the object-glafs ¢d, by the focal diftance
of the eye-glafs ik, or gh, or ef, fince all thefe
three are equal.

When the rays of light are feparated by re-
fraction, they become coloured, and if they be
united again, they will be a perfet white.. But
thofe rays which pafs through a convex glafs, near
its edges, are more unequally refracted than thofe

which
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which are nearer the middle of the glals. And
when the rays of any pencil are unequally re-
fracted by the glafs, they do not all meet again in
one and the fame point, but in feparate points;
which makes the image indiftin€t, and coloured,
about its edges. The remedy is, to have a plate
with a {mall round hole in its middle, fixed in the
tube at m, parallel to the glafles.  For, the wan-
dering rays about the edges of the glaffes will be
ftopt, by the plate, from coming to the eye; and
none admitted but thofe which come through the
middle of the glafs, or at lealt at a good diftance
from its edges, and pafs through the hole in the
middle of the plate. But this circumficribes 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 manage-

ment of long telefcopes of this kind, has brought

them much into difufe ever fince the reflefting te- The re-
lefeape was invented. For one of this fort, ﬁx’iﬁﬁg 53
feet in length, magnifies as much as one of the

other an hundred. It was invented by Sir Ifaac
Newton, but has received confiderable improve-
ments f{ince his time; and is now generally con-
ftructed in the following manner, which was firft
propofed by Dr. Gregory.

At the bottom of the great tube 7777, is
placed the large concave mirrour DUV F, whofeFig. 7.
principal focus is at # ; and in its middle is a round
hole P, oppofite to which is placed the fmall mir-
rour L, concave toward the great one; and fo
fixed to a ftrong wire M, that it may be moved

R 2 farther
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farther from the great mirrour," or nearer to it, by
means of a long fcrew on the outfide of the tube,
keeping its axis ftill in the fame line Pmn with that
of the great one.—Now, fince in viewing a very
remote object, we can fcarce fee a point of it but’
what is at leaft as broad as the great mirrour, we
may confider the rays of each pencil, which flow
from every point of the objett, to be parallel to
each other, and to cover the whole refletting fur-
face DUV F. But to avoid confufion in the figure,
we fhall 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
reflections and refractions, to the eye f, at the end
of the fmall tube ##, which is joined to the great
Ole.
et us then fuppofe the obje&t 4B to be at fuch
a diftance, that the rays C may flow from its lower
extremity B, and the rays £ from its upper extre-
mity 4. Then, the rays C falling parallel upon
the great mirrour at D, will be thence refle¢ted
converging, in the direction DG ; and by crofling
at I in the principal focus of the mirrour, they
will form the upper extremity I of the inverted
image 'K, fimilar to the lower extremity B of the
object 4B : and pafling on to the concave mirrour
I (whofe focus is at #) they will fall upon it at g,
and be thence reflected converging, in the direCtion |
g N, becaufe gm is thorter than gn; and paffing
through the hole P in the large mirrour, they
would meet fomewhere about », and form the lower
extremity & of the ere¢t image 44, fimilar to the
lower
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lower extremity B of the objet: 4B. But by
pafling through the plano-convex glafs R in their
way, they form that extremity of the image at 2.
In like manner, the rays E, which come from the
top of the objelt 4B, and fall parallel upon the
great mirrour at F, are thence refleted convereing
to its focus, where they form the lower extremity
K of the inverted image IK, f{imilar to the upper
extremity . of the object 4B ; and thence pafling
on to the {fmall mirrour L, and falling upon it at
b, they are thence reflected in the converging ftate
50 ; and going on through the hole P of the great
mirrour, they would meet fomewhere about ¢, and
form there the upper extremity z of the eret image
ab, fimilar to the upper extremity 4 of the object
AB: but by pafling through the convex-glafs R in
their way, they meet and crofs fooner, as at &
where that point of the ere¢t image is formed.—
The like being underftood of all thofe rays which
flow from the intermediate points of the objeé,
between 4 and B, and enter the tube 77 ; all the
~intermediate points of the image between 4 and 4
will be formed : and the rays pafiing on from the
image, through the eye-glafs §, and through a
fmall hole ¢ in the end of the lefler tube 74, they
enter theeye f, which fees the image a4 (by means
of the eye-glafs) under the large angle ced, and
magpnified in length, under that angle, from ¢ to 4.
In the beft reflecting telefcopes, the focus of the
{mall mirrour is never coincident with the focus m
of the great one, where the firft image IK is
formed, but a little beyond it (with refpect to the
- K2 eye)

245
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eye) as at #: the confequence of which is, that
the rays of the pencils will not be parallel after
reflection from the fmall mirrour, but converge fo
as to meet in points about g, ¢, 7 ; where they would
form a larger upright image than @4, if the glafs
R was not 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 field of view would be lefs, and confequently
not fo pleafant; for which reafon, the glafs R is
ftill retained, to enlarge the fcope or area of the
field. J |

To find the magnifying power of this telefcope,
multiply the focal diftance of the great mirrour
by the diftance of the {fmall mirrour from the
image next the eye, and multiply the focal dif-
tance of the fmall mirrour by the focal diftance
of the eye-glafs: then, divide the produét of the
former multiplication by the product of the latter,
and the quotient will exprefs the magnifying
power.

I fhall here fet down the dimenfions of one of
Mr. Shert’s refleCting telefcopes, as it is men-
tioned in Dr. Smitdh’s optics.

The focal diftance of the goreat mirrour 9.6
inches, its breadth 2.3 ; the focal diftance of the
fmall mirrour 1.5, its breadth 0.6: the breadth of
the hole in the great mirrour o.5; the diftance be-
tween the {mall mirrour and the next eye-glafs
14.2 ; the diftance between the two eye-glaffes 2.4 ;
the focal diftance of the eye-glafs next the metals

3.83
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3.8 ; and the focal diltance of the eye-glafs next
the eye 1.1. -

One great advantage of the refletting telefcope
is, that it will admic of an eye-glafs of a much
fhorter focal diftance than a refracting telefcope
will ; and, confequently, it will magnify fo much
the more: for the rays are not coloured by re-
fleCtion from a concave mirrour, if it be ground
to a true figure, as they are by paffing through a
convex-glafs, let it be ground ever fo true.

The adjufting {crew on the outfide of the great
tube fits this telefcope to all forts of eyes, by bring-
ing the fmall mirrour either nearer to the eye, or
removing it farther : by which 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 objet is to the relefcope, the
more its pencils of rays will diverge before they
fall upon the great mirrour, and therefore they
will be the longer of meeting in points after re-
fle¢tion ; fo that the firft image 7K will be formed
at a greater ciftance from the large mirrour, when
the object is near the telefcope, than when it is very
remote. But as this image muft be formed far-
ther from the fmall mirrour than its principal fo-
cus 7, this mirrour muft be always fet at a greater

diftance from the large one, in viewing near ob-

jects, than in viewing remote ones. And this is
done by turning the fcrew on the outfide of the
tube, until the fmall mirrour be fo adjufted, that
the object (or rather its image) appears perfeét.

R 4 _ In
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In looking through any telefcope towards an
objet, we never fee the object itfelf, but only that
image of it which is formed next the eye in the
telefcope. For, if a man holds his finger or a
ftick between his bare eye and an object, it will
hide part (if not the whole) of the object from his
view. But if he ties a ftick acrofs the mouth of
a telefcope, before the object-glafs, it will hide no
part of the imaginary objett he faw through the
telefcope before, unlefs it covers the whole mouth
of the tube : the only effe&t it will have, is, to
make the object appear dimmer, becaufe it inter-
cepts part of the rays. Whereas, if he puts only
a piece of wire acrofs the infide of the tube, be-
tween the eye-glafs and his eye, it will hide part
of the objet which he thinks he fees: which
proves that he fees not the real object, but its
image. This is alfo confirmed by means of the
fmall mirrour L, in the refletting telefcope, which
is made of opake metal, and ftands directly be=-
tween the eye and the object towards which the
telefcope is turned : and will hide the whole objeét
from the eye at ¢, if the two glafles R and § are
taken out of the tube.

Plate XIX. ~ The multiplying glafs is made by grinding
g 1 . down the round fide 4ik of a convex glafs 4B,
thing glafi. into feveral flat furfaces, as béd, bid, dk. An
obje&t C will not appear magnified, when feen
through this glafs, by the eye at H; but it will

appear multiplied into as many different objeéts as

the glafs contains plane furfaces. For, fince rays

will flow from the object C to all parts of the

glafs,
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glafs, and each plane furface will refract thefe rays
to the eye, the fame object will appear to the eye,
in the diretion of the rays which enter it through
each furface. Thus, a ray giH, falling perpendi-
cularly on the middle furface, will go through the
glafs to the eye without fuffering any refraction
and will therefore fhew the object in its true place
at C: whillt a ray 44 flowing from the {fame ob-
je&t, and falling obliquely on the plane furface 24,
will be - refratted in the direftion be, by pafling
through the glafs; and upon leaving it, will go
on to the eye in the diretion ¢ H ; which will caufe
the fame obje& C to appear alfo at £, in the di-
reCtion of the ray He, produced in the right line
Hen. And the ray c¢d, flowing from the objett
C, and falling obliquely on the plane furface d#,
will be refracted (by pafling through the glafs and
leaving it at f) to the eye at /7; which will caufe
the fame objeét to appear at D, in the direftion
Hfm.—If the glafs be turned round the line g/H,
as an axis, the objet C will keep its place, becaufe
the furface #/d is not removed ; but all the other
objeéts will feem to go round C, becaufe the ob-
lique planes, on which the rays 44, ¢d fall, will go
round by the turning of the glafs.

The camera obfeura is made by a convex glafsFig. ».
C D, placed in a hole of a window-fhutter, Then, Eﬁf’“
if the room be darkened fo, as no light can enter
but what comes through the glafs, the piftures of
all the objelts (as fields, trees, buildings, men,
| cattle, &¢.) on the outfide, will be fhewn in an
inverted order, on a white paper placed at G H in
the
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the focus of the glafs: and will afford a moft
beautiful and perfect piece of perfpective or land-
fcape of whatever is before the glafs 5 efpecially if
the fun fhines upon the objeéts.

If the convex glafs CD be placed in a tube in
the fide of a {quare box, within which is the plane
mirrour £ F, reclining backwards in an angle of
45 degrees from the perpendicular kg, the pencils
of rays flowing from the outward objeéts, and
paffing through the convex-glafs to the plane mir-
rour, will be refleted upwards from it, and meet
in points as / and K (at the fame diftance that they
would have met at H and G, if no mirrour had
been in the way) and will form the aforefaid ima-
ges on an oiled paper ftretched horizontally in the
dire¢tion /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 co-
loured by art, as the objects themfelves are by na-
ture.—In this machine, it is ufual to place a plane
glafs unpolifhed, in the horizontal fituation 1Kj
which glafs receives the images of the outward ob-
je€ts; and their out-lines may be traced upon it
by a black lead pencil.

N. B. The tube in which the convex-glafs CD
is fixed, muft be made to draw out, or puth in,
fo as to adjuft the diftance of that glafs from the
plane mirrour, in proportion to the diftance of
the outward objects ; which the operator does, un-
til he fees their images diftinctly painted on the ho-
rizontal glafs at /K.

The
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The forming a horizontal image, as /K, of an
upright obje¢t 4B, depends upon the angles of
incidence of the rays upon the plane mirrour £ F,
being equal to their angles of reflection from it.
For, if a perpendicular be fuppofed to be drawn
to the furface of the plane mirrour at ¢, where the
ray AaCe falls upon it, that ray will be refletted
upwards in an equal angle with the other fide of
the perpendicular, in the line edl. Again, if a
perpendicular be drawn to the mirrour from the
point f, where the ray A44f falls upon it, that ray
will be reflected in an equal angle from the other
fide of the perpendicular, in the line fbI. And
if a perpendicular be drawn from the point g,
where the ray Acg falls upon the mirrour, that
ray will be refleCted in an equal angle from the
other fide of the perpendicular, in the line gi L
So that all the rays of the pencil 2 ¢, flowing from
the upper extremity of the object 4B, and pafling
through the convex-glafs CD; to the plane mir-
rour EF, will be refle¢ted from the mirrour, and
meet at I, where they will form the extremity 7 of
the image /K, fimilar to the extremity A of the
obje&t AB. The like is to be underftocd of the
pencil grs, flowing from the lower extremity of
the obje¢t 4B, and meecting at K (after reflection
from the plane mirrour) the rays form the ex-
tremity K of the image, fimilar to the extremity
B of the objet: and fo of all the pencils that
flow from the intermediate points of the object to
the mirrour, through the convex glafs,

If
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If a convex-glafs, of a thort focal diftance, be
placed near the plane mirrour, in a fhort tube, and
a convex-glafs be placed in a hole in the fide of
the tube, {o as the image may be formed between
the laft mentioned convex-glafs, and the plane mir-
rour; the image being viewed through this glafs,
will appear magnified.—In this manner, the opera- -
glaffes are conftructed ; with which a gentleman
may look at any lady at a diftance in the company,
and the lady know nothing of it.

The image of any object that is placed before a
¢ plane mirrour, appears as big to the eye as the ob-
ject itfelf; and is eredt, diftinét, and feemingly
as far behind the mirrour, as the objet is before
it : and that part of the mirrour, which reflects
the image of the object to the eye, (the eye being
fuppofed equally diftant from the glafs with the
object) is juft half as long ard half as broad as the
objeét itfelf.  Let 4B be an objet placed before
the refle¢ting {urface gb7 of the plane mirrour
CD ; and let the eye be ato. Let 4b be a ray of
light flowing from the top A of the object, and
falling upon the mirrour at »; and bm be a per-
pendicular to the furface of the mirrour at b: the
ray Ahb will be refletted from the mirrour to the
eye at o, makingan angle mbo equal to the angle
Abm: then will the top of the image E appear to
the eye in the direction of the reflected ray o¢b
produced to E, where the right line ApE, from
the top of the object, cuts the right line 0b E, at
E. Let Bi bea ray of light proceeding from the
foot of the objet at B to the mirrour at 73 and

ni
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¢ a perpendicular to the mirrour from the point 7,
where the ray B falls upon it : this ray will be re=
fleted in the line 70, making an angle #70, equal
to the angle Bin, with that perpendicular, and en-
tering the eye at o : then will the toot F of the
image appear in the dire¢tion of the refle¢ted ray
o7, produced to F, where the right line BF cuts
the refleCted ray produced to 7. All the other
rays that flow from the intermediate points of the
obje&t 4B, and fall upon the mirrour between &
and 7, will be reflected to the eye at¢; and all the
intermediate points of the image EF will appear
to the eye in the direCtion of thefe reflected rays
produced. But all the rays that flow from the ob-
jeét, and fall upon the mirrour above 4, will be
refleGted back above the eye at ¢; and all the rays
that flow from the object, and fall upon the mir-
rour below 7, will be refleéted back below the eye
at ¢ : fo that none of the rays that fall above 4,
or below 7, can be refleted to the eye at o; and
- the diftance between b and 7 is equal to half the
length of the obje& A B.

Hence it appears, that if a man f{ees his whole A manwill
image in a plane looking-glafs, the part of the ,f,f;;: 2
glafs that refle¢ts his image muft be juft half as planclook-
long and half as broad as himfelf; let him ﬁandiﬁgr%:ﬁ’t
at any diftance from it whatever: and that hzsaalfht‘“
image muft appear juft as far behind the glafs as i
he is before it. Thus, the man 4B viewing him- Fig. ¢
felf in the plane mirrour CD, which is juft half
as long as himfelf, fees his whole image as at £ F,
behind the glafs, exaltly equal to his own fize.

For,
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For, a ray AC, proceeding from his eye at 4,
and falling perpendicularly upon the furface of the
glafs at C, is refleted back to his eye in the fame
line CA4; and the eye of his image will appear at
E, in the fame line produced to ZE, beyond the
glafs. Anda ray BD, flowing from his foot, and
falling obliquely on the glafs at D, will be re-
fleCted as obliquely on the other fide of the per-
pendicular 44D, in the dire€tion DA4; and the
foot of his image will appear at F, in the diretion
of the refleted ray 4D, produced to F, where it
is cut by the right line BGF, drawn parallel to
the right line /CE. Juft the fame as if the glafs
were taken away, and a real man ftood at F, equal
in fize to the man ftanding at B : for to his eye
at A, the eye of the other man at E would be feen
in the direétion of the line /CE; and the foot of
the man at F would be feen by the eye 4, in the
direGtion of the line ADF.

If the glafs be brought nearer the man 4B, as
fuppofe to ¢#, he will fee his image as at CDG:
for the refleCted ray C4 (being perpendicular to
the glafs) will thew the eye of the image as at C;
and the incident ray B/, being reflefted in the line
b A, will fhew the foot of his image as at G; the
angle of refleCtion a4 4 being always equal to the
angle of incidence Bba: and fo of all the inter-
mediate rays from 4 to B. Hence, if the man
AB advances towards the glafs CD, his image will
approach towards it; and if he recedes from the
glafs, his image will alfo recede from it.

Having
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Having already fhewn, that the rays of light are
refrated when they pafs obliquely through different
mediums, we come now to prove that fome rays
are more refracted than others; and that, as they
are differently refracted, they excite in our minds
the ideas of different colours. This will account
for the colours feen about the edges of the images
of thofe objeéts which are viewed through tele-
fcopes.
Let the fun fhine into a dark room through aFig. ;.
fmall hole, as at ee, in a window-thutter 5 and
place a triangular prifm BC, in the beam of rays
A, in fuch a manner, that the beam may fall ob- The prijfz.
- liquely on one of the fides a4C of the prifm.
The rays will fuffer different refractions by pafling
through the prifm, fo that initead of going all out
- of it on the fide d¢C, in one direttion, they will
. go on from it in the different direttions reprefented
by the lines f,g,b,7,k,/,m,#; and falling upon
the oppofite fide of the room, or on a white paper
placed as at pg, to receive them, they will paint
upon it a feries of moft beautiful lively colours
(not to be equalled by art) in this order, viz. thofe
which are leaft refratted by the prifm, and will The columrs
therefore go on between the lines # and m, will b ¥ e ek
of a very bright intenfe red at #, degenerating from
thence gradually into an orange colour, as they
are nearer the line m: the next will be of a fine
orange colour at m, and from thence degenerate
into a yellow colour towards /: at / they will be
of a fine yellow, which will incline towards a
green, more and more, as they are nearer and
nearer
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nearer £ : at k£ they will be a-pure green, but from
thence towards 7 they will incline gradually to a
blue : at 7 they will be a perfect blue, inclining to
an indigo-colour, from thence towards b : at b they
will be quite the colour of indige, which will gra-
dually change towards a violet, the nearer they
are to g: and at g they will be of a fine violet
colour, which will incline gradually to a red, the
nearer they are 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 pg be
divided into 360 equal parts, the red fpace R will
take up 45 of thefe parts ; the orange O, 27 ; the
yellow 25, 483 the green G, 603 the blue B, 60;
the indigo 7, 405 and the violet 7, 80: all which
fpaces are as nearly proportioned in the figure as
the {fmall fpace ¢p would 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 pg fell,
and place a large convex-glafs D in the rays f,g,5,
&c. which will refraét them fo, as to make them
unite and crofs each other at #7: and if a white
paper be placed there to receive them, they will
excite the idea of a ftrong lively white. But if
the paper be placed farther from the glafs, as at
rs, the different colours will appear again upon it,
in an inverted order, occalioned by the rays croffing
at /7.

As white is a compofition of all colours, fo
black is a privation of them all, and, therefore,
properly no colour. Let
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Let two concentric circles be drawn on a {mooth Fig. 6.
round board 4BCDEFG, and the outermoft of
them divided into 360 equal parts or degrees:
then, draw feven right lines, as © 4, o B, &c.
from the center to the outermoft circle, making
the lines ® 4 and © B include 8o degrees of that
circle ; the lines © B and ©C 40 degrees; o C
and oD 6o; ©DandOE 6o; OFE and 0 F 48 3
©0Fand 6G 27; 0Gand 04 45. Then, be-
tween thefe two circles, paint the fpace 4G red,
inclining ta orange near G 3 G F orange, inclining
to yellow near F'; FE yellow, inclining to green
near £; ED green, inclining to blue near D
DC blue, inclining to indigo near C; CB indigo,
inclining to violet near B ; and B .4 violet, in-
clining to a foft red near 4. This done, paint all Al e
that part of the board black which lies within the Prifnatic
inner circle ; and putting an axis through the cen- blended to-
ter of the board, let it be turned very {wiftly rcund ﬁf;]]::";
that axis, {o as the rays proceeding from the above white,
colours, may be all blended and mixt together in
coming to the eye ; and then, the whole coloured
part will appear like a white ring, a little greyifh ;.
not perfectly white, becaufe no colours prepared by
art are perfect.

Any of thefe colours, except red and violet,
may be made by mixing together the two contigu-
ous prifmatic colours. Thus, yellow is made by
mixing together a due proportion of orange and
green ; and green may be made by a mixture of
yellow and blue.

S All
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All bodies appear of that colour, whofe rays
they refleét moft; as a body appears red when it
refleéts moft of the red-making rays, and abforbs
the reft. |

Any two or more colours that are quite tranfpa-
rent by themfelves, become opake when put to-

comeopake gether.  Thus, if water or {pirits of wine be tinged

if put to-
gether.

red, and put in a phial, every objett feen
through it will appear red ; becaufe it lets only
the red rays pafs through it, and ftops all the reft,
If water or fpirits be tinged blue, and put in a
phial, all objetts feen through it will appear blue,
becaufe it tranfmits only the blue rays, and ftops

‘all the reft.  Bat if thefe two phials are held clofe

together, fo as both of them may be between the
eye and object, the objeét will no more be feen
through them than through a plate of metal ; for
whatever rays are tranfmitted through the fluid in
the phial next the objed, are ftopped by that in
the phial next the eye. In this experiment, the
phials ought not to be round, but fquare; becaufe
nothing but the light itfelf can be feen through a
round tranfparent body, at any diftance.

As the rays of light fuffer different degrees of
refraction by paffing obliquely through a prifm, or
through a convex- glafs, and are thereby feparated
into all the feven original or primary colours; fo
they alfo fuffer differenc degrees of refraltion. by
paffing through drops of falling rain; and then,
being refleéted towards the eye, from the fides of
thefe drops which are fartheft from the eye, and
again refracted -by paffing out of thefe drops intq

the
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the air, in which refracted direCtions they come The rain-
to the eye ; they make all the colours to appear i
in the form of a fine arch in the heavens, which
is called the rain-bow.

There are always two rain-bows feen togethcr, Fig. 7.
the interior of which is formed by the rays a2,
which falling upon the upper part 2, of the drop
bed, are refracted into the line 4¢ as they enter
the drop, and are reflefted 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 4; and
from thence they pafs on to the eye at ¢: {o that
to form the interior bow, the rays {uffer two re-
fractions, as at 4 and d4; and one refle&tion, as
at ¢.

The exterior bow is formed by rays which fuf-
fer two reflections, and two refractions ; which is
the occafion of its being lefs vivid than the inte-
| rior, and alfo of its colours being inverted with
~refpe&t to thofe of the interior. For, when aFig. s.
| ray ab, falls upon the lower part of the drop 4cde,
it is refracted into the diretion 4¢ by entering the
drop ; and pafling on to the back of the drop at
¢, it is thence refle€ted in the line ¢4, in which di-
rection it is impoflible for it to enter the eye at f:
but by being again refletted from the point 4 of
the drop, it goes on in the drop to ¢, where it
paffes out of the drop into the air, and is there re-
fracted downward to the eye, in the direction ¢f.

S 2 L8 T
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. " VILIL
The dfﬁ:rrphm and ufe of the globes, and armillary

[phere.
T g IF a map of the world be accurately delineated
T on a fpherical ball, it will be a true reprefenta-

tion of the earth: for the higheft hills are fo in-
confiderable with refpet to the bulk of the earth,
that they take off no more from its roundnefs, than
grains of fand do from the roundnefs of a common
globe ; for the diameter of the earth is 8ooo miles,
if round numbers, and no known hill upon it
is three miles in perpendicular height. ,
Procf of ~ That the earth is {fpherical, or round like a
;f:_‘;ﬁ'é{;s globe, appears, 1. from its cafting a round fhadow
bular.” upon the moon, whatever fide be turned towards
her when fhe iseclipfed. 2. From its having been
{ailed round by feveral perfons. 3. From our fee-
ing the farther, the higher we ftand. 4. From
our feeing the mafts of a fhip, whilft the hull is
hid by the convexity of the water. |
Andthatit  The attrallive power of the earth draws all ter-
;l{:{ﬂi}; . Feftrial bodies towards its center ; asis evident from
all fides  the defcent of heavy bodies in lines perpendicular.
s to the earth’s furface, at the places whereon they
bz in fally even when they are thrown off from the
I;T‘.ﬂL]"E'."' 0
faling  carth on oppofite fides, and confequently, in op=
i y from pofite directions. So that the earth may be com-
pared to a great magnet rolled in filings of fteel,
which attra&s and keeps them Equali}r faft to 1L5

furface
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furface on all fides. Hence, as all terreftrial bo-
dies are attracted toward the earth’s center, they
can be in no danger of falling from the earth on any
one part, or {ide of the earth, more than from any
other.

The heaven or fky furrounds the whole earth : 1 and
and when we {peak of u#p or down, we mean only s
with regard to ourfelves; for no point, either in
the heaven, or on the furface of the earth, is ebove
or below, but only with refpect tous.  And let us be
upon what part of the earth we will, we ftand
with our feet toward its center, and our heads
toward the fky : and fo we fay, it is #p toward the
fky, and down toward the center of the earth.

To an obferver placed any where in an indefinite All objeés
fpace, where there is nothing to limit kis view, all LILI]IJ;“;_,:’E;
objeéts that are very remote appear equally diftant Faully
from him 3 and feem to be placed in a vaft con- g
cave {phere, of which his eye is the center. Every
aftronomer can demonftrate, that the moon is
much nearer to us than the fun is; that fome of ,
the planets are fometimes nearer to us, and fome-
times farther from wus, than the fun; that others
of them never come {o near us as the {un always
1s ; that the remoteft planet in our fyftem, is be-
yond comparifon nearer to us than any of the fixed
ftars are ; and that it is highly probable fome ftars
are, in a manner, infinitely more diftant from us
than others. And yet, all thefe celeftial objects
appear equally diftant from us. Therefore, if we
imagine a large hollow f{phere of glafs, to have as
many golden ftuds fixed to its infide, as there are

S 3 ftars
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The faceof {tars vifible in the heavens, and thefe ftuds to be

the heaven

and earth
reprefented
in a ma-

chine,

The equi-

nollial,

The poles.

The

¢ :f-;_r'rf'.’.r.

of different magnitudes, and placed at the fame
angular diftances from each other as the ftars
are; it will be a juft reprefentation of the ftarry
heavens, to an eye fuppofed to be in its center, and
viewing it all around. And if a {mall globe, with
a map of the earth upon it, be placed on an axis
in the center of this ftarry {phere, 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 {phere,
as to divide it into two equal parts, or hemifpheres,
and the plane of the circle be perpendicular to the
axis of the fphere, this will reprefent the equi-
nodiial circle, which divides the heaven into two
equal parts, called the nortbern and the fouthern
bemifpheres 3 and every point of that circle will be
equally diftant from the poles, or ends of the axis
in the fphere. That pole which is in the middle
of the northern hemifphere, will be called the norzb
pole of the [phere, and that which is in the middle
of the fouthern hemifphere, the fouth pole.

If another great circle be drawn upon the
fphere, in {uch a manner as to cut the equinoctial
at an angle of 23; degrees; in two oppofite
points, it will reprefent the ecliptic, or circle
of the fun’s apparent annual motion: one half of
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
ecliptic, in fuch a manner as to go quite round it,

m
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in the time that the {phere is turned round weft-
ward, 360 times upon its axis ; this ftud will repre=
fent the fun, changing his place every day a 365th The fin,
part of the ecliptic ; and going round weltward,

| the fame way as the ftars do; but with a motion

fo much flower than the motion of the {tars, that they
will make 366 revolutions about the axis of the
iphere, in the time that the fun makes only 36s.
During one half of thefe revolutions, the fun 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 equinoctial. |
If we fuppofe the terreftrial globe, in this ma- The carth,

chine, to be about one inch in diameter, and the
diameter of the ftarry {phere to be about five ‘or
fix feet; a {mall infeét on the globe would fee only

' a very littlé portion of its furface ; but would fee
 one half of the ftarry fphere ; the convexity of

the globe hiding the other half from his view. If
the {phere be turned weftward round the globe,
and the infect could judge of the appearances which
arife from that motion, he would fee {fome ftars The appa-
rifing to his view in the eaftern fide of the fphere, o e pen
whilft others were fetting from his view on the vens.
weltern : but as all the ftars are fixed to the fphere,
the fame ftars would always rife in the {fame points -
of his view on the eaft fide, and fet in the fame
points of his view on the welt fide. With the {un
it would be otherwife, becaufe the {fun is not fixed to
any point of the fphere, but moves {lowly along
an oblique circle in it. And if the infett fhould
look towards the fouth, and call that point of the
S & globe,
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globe, where the equinoétial in the fphere 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 animal would fee the fun rife north of the
eaft, and fet north of the weft, for 182} revolu-
tions ; after which, for as many more, the fun
would rife fouth of the eaft, and fet fouth of the
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 ftill, (the
fun only moving in the ecliptic) and the earthly
globe were turned round the axis of the {phere
eaftward. For, as the infect would be carried round
with the globe, he would be quite infenfible of its
motion ; and the fun and ftars would appear to
move weltward. '

We are but very {mall beings compared with our
earthly globe, and i is but a dimenfionlefs point
compared with the magnitude 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 exattly
the {fame. And, becaufe the heaven is fo im-
menfely large, in comparifon of the earth, we fee
one half of the heaven as well from the earth’s
{urface, as we could do from its center.

We may imagine as many circles defcribed upon
the earth as we pleafe ; and we may imagine the
plane of any circle, defcribed upon the earth, to
be continued until it marks a circle in the concave
fphere of the heavens.

The
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The borizon is either fenfible or rational. The The bori-
fenfible horizon is that circle which a man, ftanding
upon a large plain, obferves to terminate his view
all around, where the heaven and earth feem to
meet. The plane of our {fenfible horizon conti-
nued to the heaven, divides it into two hemi-
fpheres ; one vifible to us, the other hid by the
convexity of the earth,

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 continued to
the heavens. And although the plane of the fen-
fible horizon touches the earth in the plane of the
obferver, yet its plane, and that of the rational
horizon, will {feem to coincide in the heavens, be-
caufe the whole earth is but a point compared to
the {phere of the heavens,

- The earth being a {pherical body, the horizon,
or limit of our view, muft change as we change
our place.

The poles of the earth, are thofe two points on Pokr.
its furface in which its axis terminates. The one is
called the north pole, and the other the fourh pole.

The poles of the beaven, are the two points in
which the earth’s axis produced terminates in the
heaven : fo that the #orth pole of the heaven is di-
reCtly over the north pole of the earth; and the
Jouth pole of the heaven is diretly over the fouth
pole of the earth,

The equator is a great circle upon the earth, Eguator,
every part of which is equally diftant from either
of the poles. It divides the earth into two equal

parts,
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parts, called the northern and fouthern bewifpheres.
If we fuppofe the plane of this circle extended to
the heaven, it will mark the eguinofiial therein 3
and divide the heaven into two equal parts, called
the mortbern and fouthern hemifpheres of the hea-
vens.

The meridian of any place is a great circle
paffing through that place and the poles of the
earth. We may imagine as many fuch meridians
as we pleafe, becaufe any place that is ever fo little
to the eaft or weft of any other place, muft have
a different meridian from it : for no one circle can
pafs through any two fuch places and the poles of
the earth.

The meridian of any place is divided by the
poles, into two femicircles : that which pafles
through the place is called the geggraphical, or up-
per meridian : and that which pafies through the
oppofite place, is called the lower meridian.

When the rotation of the earth brings the plane
of the geographical meridian to the fun, it is noon
or mid-day to that place ; and when the lower me-
ridian comes to the fun, it is midnight.

All places lying under the fame geographical
meridian, have their noon at the fame time, and
confequently all the other hours.  All thofe places
are faid to have the fame longitude, becaufe no one
of them lies either eaftward or weftward from any
of the reft.

If we imagine 24 {emicircles, one of which is
the geographical meridian of a given place, to
meet at the poles, and to divide the equator into

24,
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24 equal parts ; each of thefe 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 degrees, there will be 15 degrees con-
tained between any two of thefe femicircles which
are neareft to one another: for 24 times 15 is
360. 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 geographical meridian is 15 degrees Longitud.
eaftward from us, have noon, and every other hour,
' an hour fooner than we have. They whofe meri-
dian is 15 degrees weftward from us, have noon,
and every other hour, an hour later than we have :
and fo on in proportion, rcckﬂning one hour for
| every 15 degrees.

As the earth turns round its axis once in 24
' hours, and fhews itfelf all round to the fun in that
time; fo it goes round the fun once a year, in a
great circle called the ecliptic, which croffes the Edps.
equinoctial in two oppofite points, making an an-
gle of 235 degrees with the equinoctial on each
fide. So that one half of the ecliptic.is in the
northern hemifphere, and the ocher in the fouthern.
It contains 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 that
whatever place or degree of the ecliptic the earth
is in, the fun will appear in the oppofite. And
as one half of the ecliptic is on the north fide of
the
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the equinoétial, and the other half on the fouthgs
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 equi-
noctial itfelf.

The ecliptic is divided by aftronomers into 12
equal parts, called fipns, each fign into g0 degrees,

and each degree into 6o minutes: but in ufing the

globes, we feldom want the {un’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 ecliptic
where it croffes the equinoctial to the northward,
and reckoning eaftward round to the fame poing
again. And the days of the months on which the
fun now enters the figns, are fet down below them.

Aries, Yaurus, Gemini, Cancer, Leo, Firgo,

March, April, May, June,  July, Auguft,
20 20 21 21 23 23

Libra, Scorpio, Sagiitarias, Ceapricorn, Aguarius, Pifces,
o m & s - by

Septemb. Ottob. Novemb., Decemb.  January, Feb.
23 23 22 2L 20 18

By remembering on what day the {fun enters any
particular fign, we may eafily find his place any
day afterward, whilft he is in that fign, by reckon-
ing a degree for a day : which will occafion no er-
ror of confequence in uling the globes.

When the {un is at the beginning of aries, he is
in the equinottial ; and from that time he declines

rorthward
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northward every day, until he comes to the begin-~
ning of cancer, which is 23 degrees from the
equinoctial. From thence he recedes fouthward
every day, for half ayear; in the middle of which
half, 'he crofles the equinottial at the beginning of
libra 3 and at the end of that half year, he is at
his greateft fouth declination, in the beginning of
capricorp, which is alfo 237 degrees from the equi-
noctial.  Then, he recedes northward from capri-
corn every day, for half a year; in the middle of
which half, he crofies the equinoctial at the begin-
ning of aries; and at the end of it he arrives at
cancer. _

The fun’s motion in the ecliptic is not per-
fectly equable, for he continues eight days longer
in the northern half of the ecliptic, than in the
fouthern : fao that the fummer half year, in the
northern hemifphere, is eight days longer than the
winter half year, and the contrary in the fouthern
hemifphere.

The tropics are leffer circles in the heavens, pa- Tigpics.
rallel to the equinoltial; one on each fide of it,
touching the ecliptic in the points of its greateft
declination ; fo that each tropic is 23 degrees from
the equinoctial, one on the north fide of it, and
the other on the fouth. The northern tropic
touches the ecliptic at the beginning of cancer, the
fouthern, at the beginning of capricorn; for which
reafon, the former is called the trepic of cancer,
and the latter the tropic of capricorn.

The polar circles in the heavens, are each 23L Pdar cir-
cegrees from the poles, all around. That which i

goes
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goes round the north pole, is called the aréfic cir-
¢lé, from dgxl@, which fignifies a bear; and there
is a conftellation or groupe of ftars near the north

“pole, which goes by that name. The fouth polar

Anideaof Tet a fmall terreftrial globe, of about 3 inches =

the feafons.

circle, is called the antarétic circle, from its being
oppofite to the artic.

'Fhe ecliptic, tropics, and polar circles, are
drawn upon the terreftrial globe, as well as upon
the celeftial.  But the eclipric, being a great fixed
circle in the heavens, cannot properly be faid to be-
long to the terreftrial globe ; and is laid down upon =
it only for the conveniency of folving fome pro-
blems. |
* In order to form a true idea of the earth’s mo-
tion 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 lengths of days and nights,
and viciffitude of feafons ; take the following me-
thod, which will be both eafy and pleafant.-

diameter, be fufpended by a long thread of twifted
filk, fixt to its north pole: then, having placed a
lighted candle on a table, to reprefent the fun, in
the center of a hoop of a large cafk, which may
reprefent the ecliptic, the hoop making an angle
of 23} degrees with the plane of the table ; hang
the globe within the hoop, near to it; and if
the table be level, the equator of the globe will
be parallel to the table, and the plane of the hoop
will cut the equator at an angle of 23 degrees s
{o that one half of the equator will be above the

hoopa
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hoop, and the other half below it: and the candle
will enlighten one half of the globe, as the fun

enlightens one half of the earth, whilit the other

half is in the dark.

Things being thus prepared, twilt the thread
towards the left hand, that it may turn the globe
the fame way by untwifting; that is from well,
by fouth, to eaft. As the globe turns round its
-axis or thread, the different places on its furface
will go regularly through the light and dark ; and
have, as it were, an alternate return of day and
night in each rotation, As the globe continues to
- turn round, and thew itfelf all around to the can-

dle, carry it flowly round the hoop by the thread,

. from weft, by fouth, to eaft; which is the way
that the earth 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
candle (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 through a lefs portion of it than
they do of the light 5 and the more fo, the farther
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 be-
tween the higheft and lowelt peints, the candle
will be diretly over the equator, and 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 turns round its axis 3
and confequently, the day and night will be of
' equal

271
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equal length at all places upon it. As the globe
advances thence, toward the higheft part of the
hoop, the candle will be on the fouth fide of the
equator, fhining farther 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 in the light, and making
long days and fthort nights on the fouth fide of
the equator, and the contrary on the north fide,
whilft the globe continues in the northern or higher -
fide of the hoop: and when it comes to the high=~
eft point, the days will be at the longeft, and
nights at the fhorteft, in the fouthern hemifphere ;
and the reverfe in the northern. As the globe ad-
vances and defcends in the hoop, the light will
gradually recede from the fouth pole, and approach
towards the north pole, which will caufe the
northern, days to lengthen, and the fouthern days
to fhorten in 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 por-
tions of light and darknefs; and confequently,
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 in-
creafe and decreafe in length, through the whole
year; together with the viciffitudes of {pring,

fummer,
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fummer, autumn, and winter, in each annual
courfe of the earth round the fun.

If the hoop be divided into 12 equal parts, and
' the f[igns be marked in order upon lt,ci.'/ﬂgﬂ‘lﬂ"ﬂﬂ‘ with
cancer at the higheft point of the hoop, and recka
oning eaftward (or contrary to the apparent mo-

tion of the fun) you will fee how the fun appears
Tm change his place every day in the ecliptic, as
the globe advances eaftward 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 ap-
pear in a high fign, as at cancer, oppofite to the
‘earth’s real place: and that whilft the earth is in
'the fouthern half of the ecliptic, the fun appears
in the porthern half, and wvice verfd : that the far=
ther any place is from the equator, between it and
the polar circle, the greater is the difference be-
tween the longeft and fhorteft day at that place s
and that the poles have but one day and one night
in the whole year.

 Thefe things premifed, we fhall proceed to the
‘defcription and ufe of the terreftrial globe, and
‘explain the geographical terms as they occur in the
problems.

This globe hds the boundaries of land and water The terref.
laid duwn upon it, the countries and kingdoms di- l‘?fr e
vided by dots, and coloured to diftinguith them,
the iflands properly fituated, the rivers and princi-
pal towns inferted, as truly as they have been af-
certained upon the earth by meafurement and ob-
fervation,

a4 The
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The terrefirial globe defcribed.

-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 quar-
ters if the globe is large. Each tropic is 235 de-
grees from the equator, and each polar circle 23+
degrees from its refpective 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, interfecting each other
at the poles: but on globes of or under a foot
diameter, they are only drawn through every fif-
teenth degree of the equator: thefe circles are ge-~
nerally called meridians, fometimes circles of longi-
rude, and at other times bour-circles.

The globe is hung in a brals rmg, called the
brafen meridian 3 and turns upon a wire in each
pole, funk half its thickne{s into one fide of the me- ¢
ridian-ring ; by which means, that fide of the
ring divides the glebe into two equal parts, called
the eaftern and weftern bemifpheres 5 as the equator
divides it into two equal parts, called the northern
and foutbern bemifpheres. 'This ring is divided into -
360 equal parts ordegrees, on the {ide wherein the
axis of the globe turns. One half of thefe de='
grees are numbered, and reckened, from the equa-
tor to the poles, where they end at go : their ufe is
to fhew the latitudes of places. The degrees on
the other half of the meridian-ring, are numbered -

from
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fiom the poles to the equator, where they end at
go : their ufe is to thew how to elevate either the
north or fouth pole above the horizon, according
to the latitude of any given place, as it is north or
i fouth of the equator.

The brafen meridian is let into two notches made
in a broad flat ring, called the wooden borizon, the
upper furface of which divides the globe into two
equal parts, called the #pper and lower hemifpheres.
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 [igns
"Ml and degrees anfwering to the fun’s place for each
"B month and day; and the 32 points of the com-
pafs.—The graduated fide of the brafs meridian
lies toward the eaft fide of the horizon, and fhould
be generally kept toward the perfon who wotks
problems by the globes.

- There is a {mall borary circle, fo 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 index, which
goes over all the 24 hours of the circle, as the

globe is turned roundits axis. Sometimes there

are two horary circles, one between each pole of
the globe and the brafen meridian; which is the
contrivance of the ingenious Mr. Fofeph Harris,
mafter of the affay-office in the Tower of London;
and makes it very convenient for putting the poles
of the globe through the horizon, and for elevat-
ing the pole to fmall latitudes and declinations of

| T 2 the
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i

the fun; which cannot be done where there is only
one horary circle fixed to the outer edge of the |
brafen meridian.

There is a thin flip of brafs, called the guadrant
of altitade, which is divided into go equal parts
or degrees, anfwering exaétly to fo many degrees
of the equator. It is occafionally fixed to the
uppermoft point of the brafen meridian, by a nut
and fcrew. The divifions end at the nut, and the
quadrant is turned round upon it. |

The globe being a machine which has been feen
by moft people, and upon the figure of which, in
a plate; neither the circles, nor countries, can
be properly exprefled, we judge it would fignify
very little to refer to a figure of it; and fhall
therefore only give fome diretions how to choofe
a globe, and then defcribe its ufe.

1. See that the papers be well and neatly pafted
on the globes, which you may know, if the lines and
circles thereon meet exaétly, and continue all the
way even and whole ; the circles not breaking into
feveral arches, nor the papers either coming thort, or
lapping over one another.

2. Sce 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 ine.
clining either to one fide or to the other.

4. Sec that the globe be as clofe to the horizon
and meridian, as it conveniently may ; otherwife
you will be too much puzzled to find againft what

part




Direétions for choofing globes: 277
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, when the north or fouth pole
1s elevated go degrees above the horizon.

6. See that the equinoctial line cuts the horizon in
the ealt and weft points, in all elevations of the pole,
from o to go degrees.

7. See that the degrees of the brafen meridian,
marked with o and go, be exactly over the equi-
noctial line of the globe.

8. See that there be exaltly 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 horizon, and
' find their complement to go in the fouth point.

' 9. Seethat when the quadrant of altitude is pla-
- ced at the higheft point of the brafen meridian,
- the beginning of the degrees of the quadrant
- reaches juft to the plane furface of the horizon.

. 10. See that whillt the index of the hour-cir-
cle (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.

11. See that the wooden horizon be made fub-
ftantial and ftrong: it being generally obferved,
that in moft globes, the horizon is the firlt part
that fails, on account of its having been made too
{light,

In ufing the globes, keep the eaft fide of the Dircions
horizon towards you (unlefs your proUlem requires " Vin&
the turning of it) which fide you may know by

T3 the
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the word East, upon the horizon : for then you
have the graduated fide of the meridian towards
you, the quadrant of altitude before you, and the
globe divided exactly into two equal parts, by the
graduated fide of the meridian.
In working fome problems, it will be neceffary

“to turn the whole globe and horizon about, that |

you may look on the weft fide thereof ; which turn-
ing will be apt to jog the ball fo, as to fhift away
that degree of the globe which was before fet to
the horizon or meridian: to avoid which inconve«
nience, you may thruit the feather-end of a quill
in between the ball of the globe and the brafen
meridian; which, without hurting the ball, will
‘keep it from turning in the meridian, whilft you
turn the weft fide of the horizon towards you,

P RO BI'E M 1.

To find the * latitude and + longitude of any given
place upon the globe. '

Turn the globe upon its axis, until the given
place comes exaétly under that graduated fide of
the brafen meridian, on which the degrees are

numbered

* The latitude of a place is its diftance from the equator,
and is north or fouth, as the place is north or fouth of the
uator.  Thofe who live at the equator have no latitude, be-

caulc it is there that the latitude begins. |
t The longitude of a place is the number of degrees
(:c:koned upon the equator) that the meridian of the faid
‘ ' place
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pumbered 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 degree

. of the equator, which is under the brafen meridian,
18 the longitude of the place; which is eaft or

weflt, as the place lies on the eaft or weft fide of
the firft meridian of the globe.~—All the Atlantic
Ocean, and America, is on the weft fide of the me-
ridian of London ; and the greateft part of Europe,

and of Africa, together with all 4fia, is on the

eaft fide of the meridian of ZLondon, which is

- reckoned the firf} meridian of the globe by the

Englifh geographers and aftronomers.

PRGB L°E M AL

The longitude and latitude of a place being given, to
 Jind that place on the globe. |

- Look for the given longitude in the equator,
(counted eaftward or weftward from the firft me-
ridian, as it 1s mentioned eaft or welt ;) and bring

place is diftant from the meridian of any other place from
which we reckon, either eaftward or weltward, for 180 de-
grees, or half round the globe. The Englilh reckon the
longitude from the meridian of London, and the French now
reckon it from the meridian of Paris. The meridian of
that place, from which the longitude is reckoned, is called
the fir# meridian. 'The places upon this meridian have no
longitude, becaufe it is there that the longitude begins.

| the
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the point of longitude in the equator to the brafen
meridian, on that fide which is above the fouth
point of the horizon : then count from the equator,
on the brafen meridian, to the degree of latitude
given, towards the north or fouth pole, accnrdiqg
as the latitude is north or fouth ; and under that
degree of latitude on the meridian, lies the place
required.

PROBLEM IIL

To jind the difference of longitude, or difference of
latitude, betwween any two given places.,

‘Bring each place to the brafen meridian, and fee
what its latitude is: the leffer latitude fubtralted
from the greater, if both places are on the fame
fide of the equator, or both latitudes added toge-
ther, if they are on different fides of it, is the
difference of -latitude required, And the number
of degrees contained between thefe places, reckoned
on the equator, when they are brought feparately
under. the brafen meridian, is their difference of
longitude; if it ‘be lefs than 180: but if more,
let it be fubtraéted from 360, and the remainder
is the difference of longitude required.  Or,

Having brought one of the places to the brafen
meridian, and fet the hour index to XII, turn the
globe until the other place comes to the meridian,
and the number of hours and parts of an hour,
palt over by the index, will give the longitude in
time ; which may be eafily reduced to degrees, by

: | allowing
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allowing 15 degrees for every hour, and one degrcc
for every four minutes,

N. B. When we fpcak ::}f bringing any place
to the brafen meridian, the gmdua;ed fide of the
- meridian is meant.

PEOBIE NIV,

| Any place being given, to find all thofe places that
bave the fame longitude or latitude with if.

.~ 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 fame latitude with that
place.

Since all latitudes are reckoned from the equa-
- tor, and all longitudes are reckoned from the firft
. meridian, it is evident, that the point of the equa-
' tor which is ecut by the firft meridian, has neither
latitude nor longitude.~—~The greateft latitude can-
not exceed go degrees, becaufe no place is more
than go degrees from the equator. And the great-
eft longitude cannot exceed 180 degrecs, becaufe
no place is more than 180 degrees from the firft
meridian,

PROBLEM
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P-ROBIL E'M™V.

To find the * anteeci, 1 periceci, and J antipodes,
of any given place.

Bring the given place to the brafen meridian,
and having found its latitude, keep the globe in
that

% The antac: are thofe people who live on the fame me-
ridian, and in equal latitudes, on different fides of the equa-
tor. Being on the {fame meridian, they have the fame hours ;

“that is, when it is noon to the one, it is alfo noon to the

other, and when it is midnight to the one, it is alfo midnight
to the other, &’c. Being on different fides of the equator,
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 eleva-
tions of the different poles,

4 The periazci are thofe people who live on the fame pa-
rallel of latitude, but on oppofite meridians: fo that thongh
their latitude be the fame, their longitude differs 180 degrees.
By being in the fame latitude, they have equal elevations 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 oppofite meri-
dians, when itis noon to the one, it is midnight to the other.

1 The antipodes are thofe who live diametrically oppofite
to one another upon the globe, ftanding with feet towards
feet, on oppofite meridians and parallels. Being on oppofite
fides of the equator, they have oppofite feafons, winter
to one, when it is fummer to the other ; being equally diftant
from the equator, they have the contrary poles equally
elevated ebove the horizon; being on oppofite meridians,

when
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that fituation, and count the fame number of de-
grees of latitude from the equator towards the con-
trary pole, and where the reckoning ends, you
kave the antaci of the given place, upon the globe.
Thofe who live at the equator have no antaci.
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 XII; then, the place which lies under
the meridian, in the fame latitude with the given
place, is the periwei required. Thofe who live at

- the poles have no perizc.

As the globe now ftands, (with the index at the
Yower XIL,) the antipodes of the given place will
be under the fame point of the brafen meridian
where its anteci ftood before. Every place upon
the globe has its antipodes.

PREOBEL ELNM VI

To find the diffance between any two places on the
globe.

~ Lay the graduated edge of the quadrant of al-
titude over both the places, and count the number
of degrees intercepted between them on the qua-
drant ; then multiply thefe degrees by 60, and the

when it is noon to the one, it muft be midnight to the other;
and as the fun 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 night at the fame time to the other.

produck
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produét will give the diftance in geographical
miles : but to find the diftance in Englith miles,
mulciply the degrees by 69, and the produt
will be the number of miles required. Or, take
the diftance betwixt any two places with a pair of
compafles, and apply that extent to the equator;
the number of degrees, intercepted between the
points of the compafies, is the diftance in degrees
of a great circle* ; which may be reduced either
to geographical miles, or to Englith miles, as
above.

* Any circle that divides the globe into two equal parts,
is‘called a great circle, as the equator or meridian. Any
circle that divides the globe into two unequal parts, (which

Leffer circle. every parallel of latitude does) is called a Zfer circle. Now,

“

as every circle, whether great or fmall, contains 360 degrees,
and a degree upon the equator or meridian contains 6o geo-
graphical miles, it is evident, that a degree of longitude upon
the equator, is longer than a degree of longitude upon any
parallel of latitude, and muft therefore contain a greater
number of miles. So that, although all the degrees of la.-
titude are equally long upon an artificial globe, (though not
precifely fo upon the earth itfelf) yet the degrees of longitude
decreafe in length, as the latitude increafes, but not in
the fame proportion. The following table fhews 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 degree on the equator being 6o
geographical miles.

The
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The number of miles in a degree of longitude, .
in all degrees of latitude,

ENIEESEENHEEN GRS
=g 275 27| 8 gli=la 2|5 2
& m e @ 3 =

59-99|19i56.731137|47.92|[5 5|34-41{73]17-54
59-96}120i56.381138/47.281156/33.551{74{16.53
59.92{|21156.02/139146.63|57132.68{175|15.52
59-85122155.63 140145.97}158[31.76]1 70} 14.31
59:77|(23]55-23] |41145-28}159/30.90/}77|13.50
59.671124154.81| 42} 44.59]|60;30.00(|78|12.48|
59:56]|25|54.38{|43]43.88}|61129.00{79] 11.454
59.42|120[53.031144!43.16{|62]28.17||80|10.4 2§
3,59-26 27153.46 |45]42.43}[61177.24]181| 9.38

59-06}[28152.96 46141.08]164126.30| |82 8.35
11)58.8¢1[29/52.47||47/40.92{]165125.36/{83] 7.32
12{58.60{|30(51.96]|48|40.15||06{24.41]|84] 6.28
131584613 1f51.431149|39-36{{67|23.44| 185 5.24
14)58.22(]32]50.88[{50/38.57]168/22.48{ (86| 4.20
15158.95|[33/50.32][51|37.76{[60j21.50/ 187! 3.15
16{57.671134149.74({52|36.94}|70{20.52| (88| 2.10}
17}57-38]|35(49- 15| {53{36-11)[71{19-53] 89| 1.05
18)57.061[36148.541154135.274!72118.54ligo| o.ocl

PROBLEM VIL

A place on the globe being given, and its true diffance
from any ather place, to find all the other places upon
the earth which are at the [ame diftance 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

3 round
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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 turned
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.

PROBILEM: VIL

The bour of the day at any place being given, to find
all thofe places where it is noon at that 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 up-
per XII, and then, all the places that lie under the
brafen meridian have noon at that time.

N. B, The upper XII always ftands for noon s
and when the bringing of any place to the brafen
meridian. is mentioned, the fide of that meridian
on which the degrees are reckoned from the equa-
tor is meant, unlefs the contrary fide be mentioned.

PROBLEM
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PEOBICE M IX.

| The hour of the day at any place being given, to find

what o’clock it is at that time at any other place.

Bring the given place to the brafen meridi-
an, and fet the index to the given hour; then
turn the globe, until the place where the hour is
required comes to the meridian, and the index will

| point out the hour at that place.

PR OBILEEM X

To find the fur’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 thereon, you have the degree of
the fign in which the fun is (or his place) on that
day 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 ftands over it; for that is
the fun’s declination, reckoned from the equator.

® The fun’s declination is his diftance from the equi-
noétial in degrees, and is north or fouth, as the fun is between
the equinoétial and the north or {outh pole.

PROBLEM
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‘PR OBL.EM XL

The day of the month being given, to find all thofe
places of the earth over which the fun will pafs
vertically on that day.

Find the fun’s place in the ecliptic for the given
day, and having brought it to the brafen meri-
dian, obferve what degree of the meridian is over
it; then, turning the globe round its axis, all thofe
places which pafs under that degree of the meri-
dian, are the places required : for as their latitude
is equal in degrees to the fun’s declination, he muft
be direttly over head to each of them at its re=

fpective noon.

PROBJLEM XL

A P!ﬁlﬁ‘&' being given in the * torrid zone, to find thofe
two days of the yeary on which the [un fball be
wertical to that place.

Bring the given place to the brafen meridian,
and mark the degree of latitude that is exactly over
it

-~ ® The globe is divided into five zones; one torrid, two

temperate, and two frigid. The forrid zome lies between

the two tropics, and is 47 degrees in breadth, or 235 om
each fide of the equator: the femperate zomes lie between
the tropics and polar circles, or from 231 degrees of lati-

tude,
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| it on the meridian ; then turn the globe round its

axis, and obferve the two points of the ecliptic
which pafs exactly under that degree of latitude :

| laftly, find on the wooden horizon, the two days

of the year in which the fun is in thofe points or
degrees of the ecliptic, and they are the days re-
quired : for on them, and none elfe, the fun’s de-
clination is equal to the latitude of the given place.

PROBLOUE M. &I

To find all thofe places of the north frigid zone, where
the fun begins to fhine conflantly without [etting, on
any given day, from the 21ft of March to the 23d
of September.

On thefe two days, the fun is in the equino&ial,
and enlightens the globe exactly from 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 equal day and night 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 decli-

tude, to 661, on each fide of the equator; and are each 43
degrees in breadth : the frigid zones are the fpaces included
within the polar circles, which being each z3; degrees from
their refpetive poles, the breadth of each of thefe zones is

47 degrees,  As the fun never goes without the tropics, he

muft every moment be vertical to fome place or other in the
torrid zone,

| ] nation
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nation from the equator; fo that no place within
that diftance of the pole will then go through any
part of the dark, and confequently the fun will

not fet to it. Now, as the fun’s declination is
northward, from the 21ft of March to the 23d of
September, he muft conftantly fhine round the °
north pole all that time; and on the day that he |

is in the northern tropic, he fhines upos the whole

‘north frigid zone 3 fo that no place within the north

polar circle goes through any part of the dark
on that day. Therefore,

Having brought the fun’s place for the given

day to the brafen meridian, and found his declina-
tion, (by Prob. g.) count as many degrees on the
meridian, from the north pole, as are equal to the
fun’s declination from the equator, and mark thas
degree from the pole where the reckoning ends :

then, turning the globe round its axis, obferve

what places in the north frigid zone pafs direétly
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 21ft of March,
during which time the fun fhines conftantly on
the fouth pole.

PROBLEM XV

To find the place over which the fun is vertisal, at any
bour of a given day.

Having found the fun’s declination for the given
day, (by Prob, g.) mark it with a chalk on the
brafen

E
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brafen meridian: then bring the place where you
are (fuppofe London) to the brafen meridian, and
fet the index to the given hour; 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
under the point of the fun’s declination marked
upon the meridian, has the fun that moment in
the zenith, or direttly over head.

PR OD LIFETN AV,

The day and hour 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 places
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 ; unlefs the fun be on or

- near fome of the tropics on the given day. But

with a globe fitted up according to Mr. Fofeph
Harris’s invention, (already mentioned, page 275)
where the hour circle lies on the furface of the
globe, below the meridian, it may be folved for
any day of the year, according to his method;
which is as follows.

Having found the place to which the fun is ver-
tical 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 la-

titude of that place; if the place be in the fouthern

Ll 2 hemifphere,
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hemifphere, elevate the fouth pole accordingly ;
and bring the faid place to the brafen meridian.
Then, all thofe places which are in the weftern fe-
micircle of the horizon, have the fun 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 en-
lightened by the fun, and have the fun juft as
many degrees above them, as they themfelves are
above the horizon : and this height may be known,
by fixing the quadrant of altitude on the brafen
meridian over the place to which the fun is ver-
tical ; and then, laying it over any other place,
obferve what number of degrees on the quadrant
are intercepted between the faid place and the ho-
rizon. In all thofe places that are 18 degrees be-
low the weftern femicircle of the horizon, the
morning twilight is juft beginning; in all thofe
places that are 18 degrees below the eaftern femi-
circle of the horizon, the evening twilight is end-
ing; and all thofe places that are lower than 18
degrees, have dark night.

If any place be brought to the upper femicircle
of the brafen meridian, and the hour index be fec
to the upper XII or noon, and then the globe be
turned round its axis; when any place comes to
the weftern femicircle of the horizon, the index
will thew the time of fun-rifing at that place; and
if the place be brought to the eaftern femicircle of
the horizon, the index will fhew the time of fun-fes.

To
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To thofe places which do not go under the ho-
rizon, the fun fets not on that day; and to thofe
which do not come above it, he does not rife.

PROBLEM XVI

The day and bour of a lunar eclipfe being given ; to
Jind all thofe places of the earth to whick it will be
vifible.

The moon is never eclipfed but when fhe is full,
and fo directly oppofite to the fun, that the earth’s
thadow falls upon her. Therefore, whatever place
of the earth the fun is vertical to at that time, the
moon muit be vertical to the antipodes of that
place : fo that the {un will be then vifible 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. 14;) 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 vifible to all thofe paris
which are below it, at the time of her greateft ob-
{curation.

But with regard to an eclipfe of the fun, there
is no fuch thing as fhewing to what places it will
be vifible, with any degree of certainty, by a com-
mon globe ; becaufe the moon’s fhadow covers but
a {mall portion of the earth’s furface, and her la-

titude, or declination from the ecliptic, throws her
- U 3 fhadow
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fhadow fo varioufly upon the earth, that to deter-
mine the places on which it falls, recourfe muft be
had to long calculations.

PROBLEM XVIL

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

Find the latitude of the place (by Prob. 1.) and
if the place be in the northern hemifphere, raife
the north pole above the north point of the hori-
zon, as many degrees (counted from the pole upon
the brafen meridian) as are equal to the latitude of
the place. If the place be in the fouthern hemi-
iphere, raife the fouth pole above the fouth point
of the horizon, as many degrees as are equal to
the latitude. Then, having brought the place to
its latitude on the brafen meridian, faften the qua-
drant of altitude fo, that the chamfered edge of
its nut (which is even with the graduated 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. 10.) to the gra-
duated fide of the brafen meridian, and fet the
hour index to XII at noon, which is the uppermoft
XII on the hour circle ; and the globe will be rec-
tified,

¥ The =enith, in this fenfe, is the higheft point of the
brafen meridian above the horizon ; but in the proper fenfe,

it is that point of the heavens which is dire&ly vertical to any
given place, '

The
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=45

The latitude of any place, is equal to the elevation Remaik.

of the neareft pole of the heaven above the ho-
rizon of that place ; and the poles of the heaven
are diretly over the poles of the earth, each go
degrees from the equinodtial line. Ler us be upon
what place of the earth we will, if the limits of
our view be not intercepted by hills, we 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 view: if we go from the equator, towards ei-
ther pole of the earth, we fhall fee the correfpond-
ing 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 our
earth’s poles, the correfponding pole of the heaven
would be direltly over our head. Confequently,
the elevation or height of the pole in degrees above
the horizon, is always equal to the number of de-
grees that the place is from the equator.

PROBLEM XV

- The latitude of any place, not exceeding * 661 degrees,

and the day of the month, being givem; to find the
time of fun-rifing and [fetting, and confequently the
length of the day and night.

Having re(tified the globe for the latitude, and
the fun’s place on the given day, (as directed ‘in
the

* All places whofe latitude is more than 667 degrees, are

in the frigid zones : and to thofe places the fun does not
U 4 .fﬂ
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the preceding problem) bring the fun’s place in the
ecliptic to the eaftern fide of the horizon, 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 thew the time of fun-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.

PR O B'L E-MSXTIX

Tke latitude of any place, and the day of the month,
. being giveny to find when the morning twilight be-
gins, and the evening twilight ends, at that place.

This problem is often limited : for, when the
fun does not go 18 degrees below the horizon, the
twilight continues the whole night; and for feveral
nights together in fummer, between 49 and 66+
degrees of latitude: and the nearer to 661, the
greater is the number of thefe nights. But when
it does begin and end, the following method will
fthew the time for any given day.

Rectify 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,

fet in fummer, for a certain number of diurnal revolutions;
which occafions this limitation ef latitude.

lay
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lay the quadrant of altitude over the faid point,
and turn the globe eaftward, keeping the quadrant
at the chalk-mark, until it be juft 18 degrees high
on the quadrant; and the index will point out the
time that the morning twilight begins : for the fun’s
place will then be 18 degrees below the eaftern fide
of the horizon. To find the time when the even-
ing twilight ends, bring the fun’s place to the
weftern fide of the horizon, and the point oppofite
to it, which was marked with the chalk, will be
rifing 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 index will
fhew the time when the evening twilight ends ;
the fun’s place being then 18 degrees below the
weltern fide of the horizon.

PROBLEM XX

To find on what day of the year the fun begins to fbine
confbantly without [etting, on any given place in the
north frigid zomey and bow long be comtinues to

de Jo.

Rectify the globe to the latitude of the place,
and turn it about until fome point of the ecliptic,
between aries and cancer, coincides with the north
point of the horizon where the brafen meridian
cuts it : then find, on the wooden horizon, what
day of the year the fun is in that point of the
ecliptic; which is the day that the fun begins to

thine
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fhine conftantly on the given place, without fet-
ting. This done, turn the globe until fome point
of the ecliptic, between cancer and /ibra, coincides
with the north point of the horizon, where the
brafs 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 compleat revolutions
of the fun about the earth, between the two days
above found, is the time that the fun keeps con-
ftantly above the horizon without fetting ; for all
that portion of the ecliptic, which lies between the
two points that interfect the horizon in the very
north, never fets below it: and there is juft as
much of the oppofite part of the ecliptic that ne-
ver rifes ; therefore, the fun will keep as long
conftantly below the horizon in winter, as above
it in fummer.

‘Whoever confiders the globe, will find, that all
places of the earth do equally enjoy the benefit of
the fun, in refpe¢t of time, and are equally de-
prived 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 exaltly equal to the mights at the oppofite
feafon. ;

PROBLEM
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PROBLEM XXIL

Do find in what latitude the [un [bines conflantly with-
out fetting, for any length of time lefs than * 1825
of our days and nights.

Find a point in the ecliptic half as many de-
grees from the beginning of cancer, (either toward
aries or libra) as there are t+ natural days in the
time given; and bring that point to the north fide
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 flide
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. |

P R OBL E M- XX

The latitude of a place, not exceeding 66 degrees,
and the day of the month being given s to find the
Jun’s amplitude, or point of the compafs on which
ke rifes or [ets.

Rettify the globe, and bring the fun’s place to
the eaftern fide of the horizon; then obferve what

® The reafon of this limitation is, that 1821 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,

point
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point of the compafs on the horizon {tands right
againft the fun’s place, 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 am-
plitude at fetting. Or, you may count the rifing
amplitude in degrees, from the ealt point of the
horizon, to that point where the {un’s place cuts
it; and the fetting amplitude, from the weft point
of the horizon, to the fun’s place at fetting.

PR OB KM XX

The latiiude, the fun’s place, and bis * altitude, be-
ing givensy to find the bour of the day, and the

Jur’s azimutb, or number of degrees that be is diftant
from the meridian,

Reify the globe, and bring the fun’s place to
the given height upon the quadrant of altitude ;
on the eaftern fide of the horizon, if the time be
in the forenoon ; or the weftern fide, if it be in the
afternoon : then, the index will thew the hour,
and the number of degrees in the horizon, inter-
cepted 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

mentioned in working any problem, the graduated
edge of it is meant.

* The {un’s altitude, at any time, is his height abeve
the horizon at that time.

It
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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.

FROBLER XXIV,

The latitude, bour of the day, and the [un’s place,
being given y to find the [un’s aliitude and azi-
winth.

Re&ify the globe, and turn it until the index
points to the given hour; then lay the quadrant

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,

RO L CEM XXV,

The latitude, the fun’s altitude, and bis azimuth being
given s to find bis place in the ecliptic, the day of
the wonth, and kour of the day, though they bad
all been loft.

Rectify the globe for the latitude and * zenith,
and fet the quadrant of altitude to the given azi-

* By reétifying the globe for the zenith, is meant fcrewing
the quadrant of altitude to the given latitude on the brafs
meridian.

muth
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muth 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 there-
to, will be found over the like place of the fun on
the wooden horizon. Keep the quadrant of alti-
tude in that pofition, and having brought the fun’s
place to the brafen meridian, and the hour index
to X1I at noon, turn back the globe, until the fun’s
place cuts the quadrant of altitude again, and the
index will thew the hour.

Any two points of the ecliptic which are equi-
diftant from the beginning of cancer or of capri-
corn, will have the fame altitude and azimuth 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, obferve, that from the
20th of March-to the 21ft of June, that part of
the ecliptic which is between the beginning of aries
and beginning of cancer is to be ufed: from the
21ft of June to the 23d of September, between
the beginning of cancer and beginning of libra:
from the 23d of September to the 21ft of Decem-
ber, between the beginning of /ibra and the be-
ginning of capricorn: and from the 21ft of De-
cember to the 20th of March, between the begin-
ning of capricorn and beginning of aries. 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




The ufe of the terreftrial globe.
the ecliptic, will keep him right as to the month,
and day thereof.

PROBLEM XXVL
To find the length of the longeft day at any given place.

If the place be on the north fide of the equator,
find its latitude by Prob, 1.) and elevate the north
pole to that latitude ; then, bring the beginning of
cancer % to the brafen meridian, and fet the hour
index to XII at noon. But if the given place be
on the fouth fide of the equator, elevate the fouth
pole to its latitude, and bring the beginning of ¢a-
pricorn ‘W to the brafs meridian, and the hour in-
dex to XII. This done, turn the globe weftward,
until the beginning of cancer or capricorn (as the
latitude is north or fouth) comes to the horizon;
and the index will then point out the time of fun-
fetting, for it will have gone over all the afterncon
hours, between mid-day and fun-fet; which length

.~ of time being doubled, will give 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 inwhat latitude the longeft day is of any giver
length, lefs than 24 bours.

If the latitude be north, bring the beginning of

¢ancer to the brafen meridian, and elevate the north
pole

33
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pole to about 661 degrees ; but if the Jatitude be
fouth, bring the beginning of capricorn to the me-
ridian, and elevate the fouth pole to about 66} de-
grees ; becaufe the longeft day in north latitude,
is when the fun is in the firft point of camcer; and
in fouth latitude, when he is in the firft point of
capricorn. Then fet 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, untib the afore-
faid point of the ecliptic (viz. cancer or capricorn)
comes to the horizon; then, the elevation of the
pole will be equal to the latitude required.

PeRO: B I E-M - XXVELE

The latitude of any place, not exceeding 66 degreds,
being givens to find in what * climate the place is.

Find the length of the longeft day at the given
place, by Prob. 26. and whatever be the number
of hours whereby it exceedeth twelve, double that

* A climate, from the equator to either of the polar cir-
cles, is a traét of the earth’s furface, included between two
{uch parallels of latitude, that the length of the longeft day
in the one exceeds that in the other by half an hour : but
from the polar circles to the poles, where the fun keeps long
abave the horizon without fetting, each climate differs a
whole month from the one next to it. There are 24 climates
between the equator and each of the polar circles ; and fix
from each polar circle to its refpeitive pole.

number,
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number, and the fum will give the climate in
which the place is.

PROBLEM XXIX.

The latitude, and the day sf the month, being given , to
. Jfind the bour of the day when the fun fhines.

Set the wooden horizon truly level, and the
brafen meridian due north and fouth by a mari-
ner’s compafs : then, having reftified the globe,
ftick a fmall fewing-needle into the fun’s place in
‘Jthe ecliptic, perpendicular to that part of the fur-
face of the globe: this done, turn the globe on
its axis, until the needle comes to the brafen me-
ridian, and fet the hour index to XII at noon;
then, turn the globe on its axis, until the needle
oints exaltly towards the fun (which- it will do
hen it cafts no thadow on the globe) and the in-
ex will fhew the hour of the day.

PROBLE M XXX,

pleafant way of fhewing all thofe places of the
earth which are enlightened by the fun, and alfo
the time of the day, when the fun [bines.

Take the terreftrial ball out of the wooden ho-
izon, and alfo out of the brafen meridian ; then
et it upon a pedeftal in fun-fhine, in fuch a man-
er that its north pole may point directly towards
he north pole of the heaven, and the meridian of

he place where you are be direCtly towards the
X {fouth,
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fouth. Then, the fun will fhine upon all the like
places of the globe that he does on the real earth,
rifing to fome when he is fetting to others; as you

~may perceive by that part where the enlightened

half of the globe is divided from the half in the
thade, by the boundary of the light and darknefs :
all thofe places on which the fun fhines, at any
time, having day ;" and all thofe on which he does
not fhine, having night.

If a narrow {lip of paper be put round the equa-
tor, and divided into 24 equal parts, beginning at
the meridian of your place, and the hours fet to
thofe divifions in fuch a manner, that one of the
“VI’s may be upon your meridian; the fun being
upon that meridian at noon, will then fhine ex-
atly to the two XII’s ; and at one o’clock to the
two I's, &c. So that the place, where the en-
lightened half of the globe is parted from the fhad-
ed half, in this circle of hours, will thew the hour
of the day. ‘

The principles of dialing fhall be explained in
the next lecture, by the terreftrial globe. At pre-
fent we fhall only add the following obfervations
upon it; and then proceed to the ufe of the celeftial
globe,

1. The latitude of any place is always equal to the
elevation of the pole above the borizon of that place ;
end the elevation of the equator is equal to the comple-
ment of the latitude, that is, to what the latitude wants
of 9o degiees.

2. Thofe places which lie on the equator have nola-
litude, it being there that the latitude begins; and
thofe places which lie on the firft mevidian bave no lon-

gitude,
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gitude, it being there that the longitude begins. Con-
Sequently, that particular place of the earth where the
Jirft meridian interfels the equator, bas neither faﬂgz-

| tude nor latitude.

3. In all places of the earth except the poles, all
the points of the compafs may be diffinguifbed in the
borizon : but from the north pole, every placeis fouth;
and from the fouth pole, every place is north. There-
fore, as the funis conflantly above the borizon of each
pole for balf a year in its turn, be cannot be [aid
to depart from the meridian of either pole for balf a

year together. Confequently, at the north pole it may

be faid to be noon every moment for balf a vear; and
let the winds blow from.what part they will, they
muft always blow from the fouth ; and at the fouth-
pole, from the north.

4. Becaufe one balf of the ecliptic is above the bo-
rizon of the pole, and the fun, moon and planets,
move in (or nearly in) the ecliptic 5 they will all rife
and [ct to the paff,s But, becaufe the flars never

‘change their declinations from the equator, (at leaft

not fenfibly in one age) tlhafe which are ence above the
borizon of either-pole, ncver fet below it 5 and thofe
ewbich are once below it never rife.

5. All places of the earth do equally enjoy the benefit
of the fun in ve[pect of sime, and are equally deprived
of it.

6. All places upon the equator kave their days and
nights equally long, that is, 12 bours cach, at all times
of the year. For, although the fun declines alter-
wately, from the equator towards the north and to-
wwards the fouth, yet, as the borizon of the equator

X 2 cuts

)
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etts all the parallels of latitude and declination in
balves, the fun muft always continue above the bori-
zon for one balf a dinrnal revolution about the earth,
and for the other half below it.

7. When the [un's declination is greater than the
latitude of any place, upon either fide of the equator,
the fun will come twice to the fame azimuth or point of
the compafs in the forencon, at that place 5 and twice
to a like azimuth in the afternoon ; that is, be will
go twice back every day, whillt bis declination continues
to be greater than the latitude. Thus, fuppofe the
globe rectified to the latitude of Barbadoes, which is
13 degrees north 3 and the fun to be any where in the
“ecliptic, between the middle of taurus and middle of
leoy if the quadrant of altitude be fet to about * 18
degrees morth of the eaft in the borizon, the [un's
place be marked with a chalk upon the ecliptic, and the
globe be then turmed weflward on its axis, the [aid
mark will rife in the borizon a little to the north of
the quadrant, and thence afcending, it will crofs the
quadrant towards the fouth ; but before it arrives as
the meridian it will erofs the quadrant again, and pafs
over the meridian northward of Barbadoes. dnd if
the quadrant be fet about 18 degrees north of the weft,
the fun's place will crofs it twice, as it defcends from
the meridian towards the borizon, in the afternoon.

8. In all places of the ecarth between the equator
and poles, the days and nights are equally long, viz.
12 hours each, when the fun is in the equinoéiial :
for, in all elevations of the pole, fhort of o degrees

* From the middle of gemini to the middle of caneer,
the quadrant may be fet 20 degrees,

(whick
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(which is the greateft) one balf of the equator or equi-
noctial will be above the borizon, and the other Es:r{f
below it.

9. The days and nights are mever of an equal
length at any place between the equator and polar cir-
cles, but when the fun enters the figns Y aries and
2 libra.  For in every other part of the eclipticy the
cirele of the [un’s datly motion is dividedinto two un-
equal parts by the borizon.

10. The nearer that any place is to the equator,
the lefs is the difference between the length of the days
and nights in that place 5 and the more remote, the
contrary. The circles which the fun defcribes in the
beaven every 24 bours, being cut more nearly equal
in the former cafe, and more unequally in the latter.

11. In all places lying upon any given parallel of
latitude, bowever long or fhort the day or night be at
any one of thefe places, at any time of the year, it is
then of equal length at all the reft 5 fory in turning the
| - globe round its axis (when reltified according to the
fun's declination) all thefe places will keep equally long
above orbelow the berizoi.

12. The [un is vertical twice a year to every place
between the tropics 1o thofe under the tropics, once
a year, but never any where ¢elfe. For, there can be
- no place between the traopics, dut what there are two
points in the ecliptic whafe declination from the equator
is equal to the latitude of that place 5 and but one
- point of the ecliptic which bas a declination equal to
the latitude of places on the tropic which that point
of the ecliptic tonches : and as the [fun never goes

X 3 without
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without the tropics, be can never be vertical to any

. place that lies without them.

13. To all places in the * torrid zone, the duration
of the twilight is leaft, becaufe the [un's daily motion
is the moff perpendicular to the borizon. In the
frigid + zones, greatefl; becaufe the fun’s daily mo-
tion is nearly parallel to the horizon ; and therefore
be is the longer of geiting 18 degrees below it (till
which time the twilight always continues). And in
the § temperate zones it is at @ medium between the

wo, becaufe the obliquity of the fun's daily motion is
fo.

. 14 In dllplaces lying exallly under the polar cir-
cles, the _;’Em: when bo 15 in the neareft tropic, con=
tinues 24 bours above the horizon without [etting s
becanfe no part of that tropic is below their horizon,
And when the fun is in the faribeft tropic, be is for
the fame length of time without rifing 5 becaufe ne
part of ihbat tropic is above their borizon. But, at
all other times of the year, be rifes and fets there, as
in other places 3 becaufe all the circles that can be
drawn parallel to the equator, between the tropics,
are inore or iefs cut by the borizon, as they are far-
ther from, or nearer to, that tropic which is all above
the borizon : and when the [un is not in either of the
tropics; hbis aiurnal courfe muf} be in one or other of
thefe circles.

15. To all places in the northern hemifphere, from
the equator to the polar circle, the longeft day and
Jhor toft ‘oht is when the funis in the northern irapsf

* Between the tropics. + Between the polar circles and

poles. § Between the tropics and polar circles.
and

P i,
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and the fhorteft day and longeft night is when the fun
a5 in the fouthern tropic 5 becaufe no circle of the fun’s
 daily motion is fo much above the borizon, and [0 little
below it, as the northern tropic 5 and none o kttle
above it, and [o much below it, as the fouthern. In the
Southern bemifpbere, the contrary,

16. In all places between the polar circles and
poles, the fun appears for [ome number of days (or ra-
ther diurnal revolutions) withous fetting 3 and at the
oppafite time of the year without rifing 5 becaufe fome
part of the ecliptic never fets in the former cafe, and
as much of the oppofite part never rifes in the latter.
And the ncarer unto, or the more remote from the
pole, thefe places are, the donger or fhorter is the fun’s
continual prefence or abfence.

17. If a fhip fets out from any port, and [ails
vound the earth eaftward to the fame port again, let
ber take what time fhe will to do it in, the people in
that fhip, in reckoning their time, will gain one com-
pleat day at their veturn, or count one day more than
thofe who vefide at the fame port 5 becanfe, by going
contrary to the fun’s diurnal motion, and being for-
warder every evening than they were in the morning,
their borizon will get [o much the fooner above the
fetting fun, than if they bad kept for a whole day at
any particular place. Andthus, by cutting off a part
proportionable to their cwn motion, from the length
of every day, they will gain a compleat day of that
Jort at their return 5 without gaining one moment of
abfolute time more than is elapfed during their courfe,
to.the people at the port. If they fail weftward, they
will reckon owe day lefs than the people do who refide

X at
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at the faid port, becaufe by gradually following the ap-
parent diurnal motion of the fun, they will keep bim
each particular dey fo much longer above their borizon,
as anfwers to that day's courfe : and by that means
they cut off a whole doy in reckoning, at their return,
without lofing one mement of abfolute time.

Hence, if two fhips fhould [er out at the fome time
from any port, and fail round the globe, one cafiward
anid the other weftward, fo as tomeet at the fame pomt
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 y if |
iorice, then fix, e,

Theecke™  Having done, for the prefent, with the terreftrial
i globe. ‘globe, we fhall proceed to the ufe of the celeftial 3
firft premifing, that as the equator, ecliptic, tro-
pics, polar circles, horizon, and brazen meridian,
are exaltly alike on both globes, all the former
problems concerning the fun are folved the fame
way by both, and therefore it is needlefs to repeat
To reflify them. The method alio of rectifying the celeftial
ks globe is the fame as rectifying the terreftrial, wiz,
klevate the pole according to the latitude of your
place, then fcrew the quadrant of alritude to the
zenith, on the brafs meridian bring the fun’s
place 1n the ccliptic to the graduated edge of the
brais meridian, on the fide which is above the fouth
point of the wooden horizon, and fet the hour
index to the uppermott XII, which ftands for noon.

N. £. The fun’s place for any day of the year
ftands directly over that day, on the horizon of the
celeftial globe, as 1t does on that of the terreftrial.

The
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The latitude and longitude of any flar, or other Lasituie
celeftial phenomenon, is reckoned in a very dif- 3¢ k-
ferent manner from the latitude and longitude of fars.
any place on the earth: for all terreftrial latitudes
are reckoned from the equator; and longitudes
from the meridian of fome remarkable place, as
of London by the Englith, and' Paris by the
French ; though molt of the French maps begin
their longitude at the meridian of the ifland Fer-
ro.—But the aftronomers of all nations agree in
reckoning the latitudes of the ftars, planets, and
comets, from the ecliptic ; and their longitudes from
the * equinoflial colure, in that femicircle of it which
cuts the eclipric at the beginning of aries ¢ ; and
thence eaftward, quite round, to the fame femi-
circle again. Confequently, all thofe ftars which
lie between the equinoctial and the northern half
of the ecliptic, have north declination and fouth
Jatitude ; and all thofe which lie between the equi-
noctial and the fouthern half of the ecliptic, have
fouth declination and porth latitude ; and all thofe
which lie between the tropics and poles, have their
declinations and latitudes of the fame denomina-.
tion.

* The great circle that pafles through the equinoftial points
at the beginning of % and £, and through the poles of the
aworld, (which are two oppofite points, each go degrees from
the equinodtial) is called the eguimocZial colure: and the great Colures!
circle that pafles through the begimning of 95 and ¥p, and allo
through the poles of the ecliptic, and poles of the world, is
called the jo/flicial calure,

There



314 The ufe of the celeftial globe.
There are fix great circles on the celeftial globe,
which cut the ecliptic perpendicularly, and meet
in two oppolfite points in the polar circles; which
points are each go degrees from the ecliptic, and are
called its poles. Thefe points divide the faid cir-
cles into 12 femicircles; and they cut the ecliptic
at the beginnings of the 12 figns. They refem-
ble fo many meridians on the terreftrial globe 3
and as all places which lie under any particular |
meridian femicircle on that globe, have the fame |
longitude, fo all thofe points of the heaven, through
which any one of the above femicircles are drawn, -
have the fame longitude.—And, as the greateft la-
.titudes on the earth are at the north and fouth
poles of the earth, fo the greatelt Jatitudes in the
heaven, are at the north and @uth poles of the

ecliptic. |

Onfiella- - In order to diftinguith the ftars, with regard to
#. their fituations and pofitions in the heaven, the
antients divided the whole vifible firmament of
ars into particular {yftems, which they called
confiellations 5 and digefted them into the forms of
fuch animals as are delineated upon the celeftial
globe., And thofe which lie between the figures
of thefe imaginary animals, and could not be
brought within the compafs of any of them, were
called unformed ftars. |
Becaufe the moon and all the planets were ob-
ferved 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 ecliptic for one
half of their courfe round the heaven of iltars, and
on




The ufe of the celefiial globe. 315
- on the fouth fide of it for the other half, but ne-
ver to go quite 8 degrees from it on either fide, the
antients diftinguithed that fpace by two leffer cir-
cles, parallel to the ecliptic, (one on each fide) at
8 degrees diftance from it. And the {pace included
between thefe circles, they called the zodiac, be- Zudia.
caufe moft of the 12 conftellations placed therein,
refemble fome living creature.—Thefe conftella-
tions are, 1. Aries O, the ram; 2. Tawrus 5, Tisfigns,op
- the bull; 3. Gemini I[, the twins; 4. Cancer Gp , divibons,
the crab; 5. Lco S, the lion; 6. Virgo W, the
virgin; 7. Libra 1, the balance ; 8. Scorpio M,
the fcorpion ; 9. Sugittarius J , the archer; 10. Ca-
pricornus \S, the goat; 11, Aguarius YWh, the wa-
ter bearer 3 and 12. Pifces 3, the fifhes.

It is to be obferved, that in the inﬁncy of al- Remark,
tronomy, thefe twelve conftellations ftood at or
near the places of the ecliptic, where the above
charadteriftics are marked upon the globe : but
now, each conftellation is a whole fign forwarder,
on account of the receflion of the equinoétial points
from their former places. So that the conftellation
of aries, 1s now in the former place of fanrus 5 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 dif-
tances from us. Thofe which appear brighteft and
largeft, are called flars of the fiff magnitude 5 the
next to them in fize and luftre, flars of the fecond
magnitude ; and fo on to the fixth, which are the
{malleit that can be difcernc by the bare eye.-

Some
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Some of the moft remarkable ftars have names
given them, as caffor and pollux in the heads of the
twins, firius in the mouth of the great dog, procyon
in the fide of the /iztle dog, rigel in the left foot of
orion, arélurus near the right thigh of bootes, &c.

Thefe things being premifed, which I think are
all that the young 7yro need be acquainted with,
before he begins to work any problem by this
globe, we fhall now proceed to the moft ufeful of
thofe problems ; omitting feveral which are of lit-
tle or no confequence.

PO B L BN UL

To ﬁﬂ-d the * right afcenfion and + declination of 1he
Jun, or any fixed flar. :

Bring the fun’s place in the ecliptic to the brafen
meridian, then that degree in the equinoctial which
1s cut'by the meridian, is the fun’s right afcenfion s
and that degree of the meridian which is over the
fun’s place, is his declination. Bring any fixed ftar
to the meridian, and its right afcenfion will be cut
by the meridian in the equinoctial; and the degree
of the meridian that ftands over it, 1s its declina-
k10,

* The degree of the equinotal, reckoned from the be-
ginning of arics, that comes to the meridian with the {un or
flar, is its »ight afcenfion.

+ The diftance of the fun or flar in degrees from the
equnodtial, towards either of the poles, nerth or {outh, is its
declination, which is norix or fouth accordingly.

"Sf:.a
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So that right afcenfion and declination, on the
celeftial globe, are found in the fame manner as
longitude and latitude on the terreftrial.

RO B L*E"M™IL
To find the latitude and longitude of any flar.

If the given ftar be on the north fide of the
ecliptic, place the goth degree of the quadrant of
altitude on the north pole of the ecliptic, where
the twelve femicircles meet; which divide the
ecliptic into the 12 figns: but if the ftar be on
the fouth fide of the ecliptic, place the goth de-
gree of the quadrant on the {outh pole of the eclip-
tic : keeping the goth degree of the quadrant on
the proper pole, turn the quadrant about, until its
graduated edge cuts the ftar: then, the number of
degrees in the quadrant, between the ecliptic and
the ftar, is its latitude ; and the degree of the

~ecliptic’ cut- by the quadrant, is the ftar’s longi-

tude, reckoned according to the fign in which the
quadrant then is.

PROEBL B M Il

To reprefent the face of the flarry frmament, as fecn

frem any given place of the carth, at any bour of
the night,

Rectify the celeftial globe for the given latitude,
the zenith, and fun’s place, in every refpect, as
taught

317,
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taught by the 17th problem, for the terreftrial ;
and turn it about, until the index points to the
given hour : then, the upper hemifphere of the
globe will reprefent the vifible half of the heaven
for that time: all the ftars upon the globe being
then in fuch fituations, as exaltly correfpond to
thofe in the heaven. And if the globe be placed
duly north and fouth, by means of a fmall fea-
compafs, every ftar in the globe will point toward
the like ftar in the heaven: by which means, the
conftellations and remarkable ftars may be eafily
known. All chofe ftars which are in the eaftern
fide 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 part of the meridian, be-
tween the north point of the horizon and the fouth
pole, are at their greateft altitude,

PREOE]L E M IV

The latitude of the place, and day of the month, being
given s to find the time when any known flar will
rife, or be upon the meridian, or [et.

Having reftified the globe, turn it about until
the given ftar comes to the eaftern fide of the ho-
rizon, and the index will tThew the time of the

ftar’s
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ftar’s rifing; then turn the globe weftward, and
when the ftar 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 thew the time of the ftar’s fet-

. ting.

N. B. In northern latitudes, thofe ftars which
are lefs diftant from the north pole, than the quan-
tity of its elevation above the north point of the
horizon, never fet; and thofe which are lefs diftant
from the fouth pole, than the number of degrees
that it is depreflfed below tche horizon, never rife:
and vice ver/d in fouthern latitudes.

PROBLEM YV,

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 fet the index to the given
hour ; then turn the globe, until the index points
to XII at noon, and the upper femicircle of the
meridian will then cut the fun’s place, anfwering
to the day of the year fought; which day may be
eafily found againft the like place of the fun, among
the figns on the wooden horizon.

PROBLEM

399
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PROBLEM VL

The I.sa!inﬁe, day of the month, and * azimuth of
any known flar being given s to find the bour of the
night.

Having retified the globe for the latitude, ze-
nith, and fun’s place ; lay the quadrant of altitude
to the given degree of azimuth, in the horizon;
then, turn the globe on its axis, until the ftar
comes to the graduated edge of the quadrant;
and when it does fo, the index will point out the
hour of the night.

PROBLEM VIL

The latitude of the place, the day of the month, and
altitude + of any known far, being given to find
the bour of the night.

Rectify the globe as ih the former problem,
guefs at the hour of the night, and turn the globe
until the index points at the fuppofed hour; then
lay the graduated edge of the quadrant of altitude
over the known ftar, and if the degree of the ftar’s

* The number of degrees that the {un, moon, or any
ftar, is from the meridian, either to the eaft or weft, is called
its aximmuth.

¥ &

4+ The number of degrees that the ftar is above the ho-
rizon, as oblerved by means of & common quadrant, is called
its altitude.

height
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height in the quadrant upon the globe, anfwers
exactly to the degree of the ftar’s obferved alti-
tude in the heaven, you have gueffed exadtly :
but 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.

PR OB LEE NS,

An eafy method for finding the bour of the night by
any two known fars, without knowing either their
altitude or azimuth ; and then, of finding both their
altitude and azimuth, and thereby the true meri-
dian. :

Tie one end of a thread to a common mufket
bullet ; and, having retified 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 that
time in the hour circle; which done, lay the gra-
duated edge of the quadrant over any one of thele
two ftars on the globe, which the thread cut in the
heaven. If the faid edge of the quadrant cuts
the other ftar alfo, you have guefled the time ex-
attly ; but if it does not, turn the globe flowly
backwards or forwards, until the quadrant (kept

Y upon
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upon either ftar) cuts them both through their cem=
ters : and then, the index will point out the exadk
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 them=
felves will cuct their true altitudes in the quadrant.
At which moment, if a common azimuth compafs
be fo fet upon a floor or level pavement, that thefe
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 ho-
rizon of the globe, a thread extended over the
north and fouth points of that compafs will be
“directly in the plane of the meridian: and if a
tine be drawn upon the floor or pavement, along
the courfe of the thread, and an upright wire be
placed in the fouthmoft end of the line, the fha-
dow of the wire will fall upon that line, when the
fun is on the meridian, and fhines upon the pave-
ment, :

PROBLEM IX.

To find the place of the moon, or of any planet; samé’
thereby to fhew the time of its rifing, [outhing, and

ﬁs‘::’:vzg.

Seek in Parker’s or Weaver's Ephemeris the
*geocentric place of the moon or planet in the eclip-
tic, for the given day of the month; and, ac-

* The place of the moon qr planet, as feen from the
earth, ) '

cording
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¢ording to its longitude and latitude, as thewn by
the Ephemeris, mark the fame with a chalk upon
the globe. Then, having retified the globe, turn
it round its axis weftward ; and, as the faid mark
comes to the eaftern fide of the horizon, to the
brafen meridian, and to the weftern fide of the ho-
rizon, the index will thew at what time the planet
rifes, comes to the meridian, and fets, in the {ame
~ manner as for a fixed ftar,

PR OBL ENT X,

To explain the phenomena of the barvefi-moon

. In order to do this, we muft premife the fols
“lowing things. 1. That as the {un goes only once
a year round the ecliptic, he can be but once a
year in any particular point of it: and that his
mation ‘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
134 degrees 1n 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 conjunétion
with the fun, or oppofite to him, in that part of
the ecliptic where fhe was fo the laft time before ;
but muft travel as much forwarder, as the {fun has
advanced in the faid time; which being 29% days,
makes almoft a whole fign. Therefore, 4. The
moon can be but once a year oppofite to the fun,
in any particular part of the ecliptic. 5. That the

X2 moon
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moon is never full but when fhe is oppofite 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 oppofite
point fets. Therefore, when the moon is oppofite
to the fun, the muft rife at * fun-fer. 4. That
the different figns of the ecliptic, rife at very dif-
ferent angles or degrees of obliquity with the ho-
rizon, efpecially in confiderable latitudes; and that
the {fmaller this angle is, the greater is tH€ portion
of the ecliptic that rifes in any {mall part of time
and vice verfd. 8. That, in northern latitudes, no
part of the ecliptic rifes at fo {mall an angle with
the horizon, as pifees and aries do ; and therefore,
a greater portion of the ecliptic rifes in one hour,
about thefe figns, than about any of the reft.
9. That the moon can never be full in pifces and
aries but in our autumnal months, for at no other
time of the year is the fun in the oppofite figns
virge and libra. '

Thefe things premifed, take 13} degrees of the
ecliptic in your compafies, and, beginning at pifces,
carry that extent all round the ecliptic, marking
the places with a chalk, where the points of the
compafles fucceffively fall. So you will have the
moon’s daily motion marked out for one compleat
revolution in the ecliptic (according to § 2 of the

laft paragraph.)

* This is not always {trictly true, becaufe the moon does
not keep in the ecliptic, but crofles it twice every month,
FHowever, the difference need not be regarded in a general
explanatien.

Redtify
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Rectify the globe for any coénfiderable northern
Jatitude, (as fuppofe that of London) and then,
turning it 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 moves
through in a week) will all rife fucceflively about
pijces and aries, in the time that the index goes
over two hours. Therefore, whilft the moon 1is
in pifces and aries, 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 op-
pofite figns, virge and /libra, you will find that fe-
ven of them take nine hours to rife ; which thews,
that when the moon is in thefe two figns, fhe dif-
fers nine hours in her rifing within the compafs of
a week. And fo much later as every mark is of
riling than the one that rofe next before it, fo much
later will the moon be of rifing any day, than fhe

~was on the day before, in the correfponding part

of the heaven. The marks about camcer and ca-
pricorn, rife with a mean difference of time be-
tween thofe about aries and /libra.

Now, although the moon is in pifces and aries
every month, and therefore muft rife in thofe figns
within the fpace of two hours later for a whole
week, or only about 17 minutes later every day
than fhe did on the former; yet fhe is never full
in thefe figns, but in our autumnal months Auguft
and September, when the fun is in virge and libra.
Therefore, no full moon in the year will continue

3 1 | to
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to rife fo near the time of fun-fer 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 pifces and
arics about her firft quarter; and as thefe figns
rife about noon in winter, the moon’s rifing in
them pafles unobferved. In the fpring months, the
moon changes in thefe figns, and confequently rifes
at the fame time with the {un; {o that it is im=
pofiible to fee her at that time. In the fummer
months fhe falls in thefe figns about her third quar-
ter, and rifes not until midnight, when her rifing
is but very little taken notice of ; efpecially as fhe
is ¢n the décreafe., But in the harvelt months fhe
is at the full, when in thefe figns, and being op-
pofite to the fun, fhe rifes when the fun fets, (or
foon after) and fhines all the night.

In fouthern latitudes, virgo and /idra rife at as
fmall angles with the horizon, as pifees and aries
do in the northern; and as our fpring is at the
time of their harveft, it is plain their harveft full
moons muft fall in wirge and libra; and will there-
tore rife with as little difference of time, as ours
do in pifces and aries.

For a fuller account of this matter, I muft re-
fer the reader to my Aftronomy, in which it is de-

fcribed at large,

PROBLEM
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PR O&ILE M X],

To éxplain the equation of time, or diffcrence of time
between well regulated clocks and true fun-dials.

The earth’s motion on its axis being perfeiily
equable, and thereby cauling an apparent equable
motion of the ftarry heaven, round the fame axis
produced to the poles of the heaven; it is plain
that equal portions of the celeftial equator pafs
over the meridian in equal parts of time, becaufe
the axis of the world is perpendicular to the plane
of the equator. And therefore, 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 exactly, as thewn by a well re-
gulated clock. .
= But as the fun moves in the ecliptic, which is
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 24 equal hours;
but fometimes a little fooner, and at other times
a little later, becaufe equal portions of the ecliptic
pafs over the meridian in unequal parts of time,
on account of its obliquity. Aad this difference
is the fame in all latitudes. _

To fhew this by a globe, make chalk-marks all
around the equator and ecliptic, at equal diftances
from one another (fuppofe 10 degrees) begin-
ning at aries or at libra, where thele two circles
interfeét each other, Then turn the globe round

1 4 its
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its axis, and you will fee that all the marks in the 1

firft quadrant of the ecliptic, or from the begin-
ning of aries to the beginning of cancer, come
{fooner to the brafen meridian than their correfpond=-
ing marks do on the equator : thofe in the fecond
quadrant, or from the beginning of cancer to the
beginning of /ibra, come later: thofe in the third
quadrant, from libra to capricorn, fooner ; and thofe
in the fouth, from capricorn to aries, later. But
thofe at the beginning of each quadrant come to
the meridian at the fame time with their corre-.
{ponding marks on the equator.

Therefore, whilft the fun is in_the firft and third
quadrants {Jf 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 thana
well regulated clock, which always keeps equable
or equatoreal time : and whilft he is in the fecond
and fourth quadrants, he comes later to the meri-
dian every day than he would do if he kept in the
equator ; and is therefore flower than the clock.
But at the beginning of each quadrant, the {un
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. But as he moves fafter at
iome times than at others, (for he is eight days
fonger in the northern half of the ecliptic than in
the fouthern) chis will create a fecond inequality ;
which combined with the former, arifing from the
obhiquity of the ecliptic to the equator, makes up

that
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that difference, which is fhewn by the common

equation tables to be between good clocks and
true {un-dials.

The defcription and ufe of the armillary [phere.

Whoever has feen a common armillary jphere, Plae XX.
and underftands how to ufe it, muft be fenfible thac ™ '&" *
the machine here referred to, is of a very different,
and much more advantageous conftruction. And
whoever has feen the curious glafs fphere invented
by Dr. L ON G, or the figure of it in his Aftro-
nomy, muft know that the furniture of the ter-
reftrial globe in this machine, the form of the pe-
deftal, and the manner of turning eicher the earthly
globe, or the circles which furround it, are all co-
pied from the Doctor’s glafs fphere ; and that the
only difference is, a parcel of rings inftead of a:
glafs celeftial globe; and all the additions are a
moon within the {phere, and a femicircle upon the
- pedeftal.

The exterior parts of this machine are a com- The armil.
pages of brafs rings, which reprefent the principal /% phere.
circles of the heaven: v/z. 1. The equinodtial
AA, which is divided into 360 degrees (beginning
at its interfection with the ecliptic in aries) for
fhewing the fun’s right afcenfion in degrees; and
alfo into 24 hours, for fhewing his right alcenfion
in time. 2. The ecliptic BB, which is divided
into 12 figns, and each fign into go degrees, and
alfo into the months and days of the year; in fuch
a manner, that the degree or point of the ecliptic

in
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in which the fun is, on any given day, ftand§
over that day in the circle of months. 3. The
tropic of cancer CC, touching the ecliptic at the
beginning of cancer in ¢, and the tropic of capri-
corn DD, touching the ecliptic at the beginning
of capricorn in f; each 233 degrees from the equi-
no&tial circle. 4. The artic circle £, and the
antar@ic circle F, each 23% degrees from its re-
fpective poleat NV and §. 5. The equinotial co-
lure GG, pafling through the north and fouth
poles of the heaven at V and §, and through the
equino@ial points in the ecliptic aries and fbra.
6. The folftitial colure A H, paffing through the
poles of the heaven, and through the folftitial
points cancer and capricorn, in the ecliptic: each
quarter of the former of thefe colures is divided
into go degrees, from the equino&ial to the poles
of the world, for fhewing 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 latitudes of the ftars. |
In the north pole of the ecliptic is a nut 4, to
which is fixed one end of ‘a quadrantal wire,
and to the other end a fmall fun 2, which is car-
ried round the écliptic BB, by turning the nut:
and in the fouth pole of the ecliptic is a pind, on
which is another quadrantal 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 crofies the ecliptic
at an angle of 55 degrees, in two oppofite points
called the moca’s nedes; and alfo for fhifting thefe
points
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points backward in the ecliptic, as the moon’s #odes
fhift in the heaven.

Within thefe circular rings is a fmall terreftrial
olobe I, fixt on an axis KK, which extends from
the north and fouth poles of the globe at # and s,
to thofe of the celeftial fphere at N and §. On
this axis is fixc the flat celeftial meridian LL,
which may be fet directly over the meridian of any
place on the globe, and then turned round with
the globe, o as to keep over the fame meridian
upon it.  This flat meridian is graduated the fame
way as the brafs meridian of a common globe,
and its ufe is much the fame. To this globe is
fitred the moveable horizon MM, fo as to turn
upon two ftrong wires proceeding from its eaft and
welt points to the globe, and entering the globe
at oppofite points of its equator, which is a move-
able brafs ring let into the globe in a groove
all around its equator. The globe may be turned
by hand within this ring, fo as to place any given
_ meridian upon it, directly under the celeftial me-
ridian LL. The horizon 1s divided into 360
degrees all around its outermoft edge, within which
are the points of the compafs, for fhewing the
amplitude of the fun and moon, both in degrees
and points. The celeftial meridian LL paffes
through two notches in the north and fouth points
of the horizon, asin a common globe: but here,
if the globe be turned round, the horizon and
meridian turn with it. At the fouth pole of the
{fphere is a circle of 24 hours, fixt to the rings,

and
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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 depreffed, upon the joint O,
to any number of degrees from o to 9o, by means
of the arc P, which is fixed into the ftrong brafs
arm 2, and flides in the upright piece R, in
which is the fcrew 7, to” fix it at any proper ele-
vation.

In the box 7 are two wheels, and two pinions
whofe axes come out at 7 and U either of which
may be turned by the {fmall winch . When the
winch is put upon the axis 7, and turned back-
ward, the terreftrial globe, with its horizon and
celeftial meridian, 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 below 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
well, by fouth, to eaft; and bring the fame points
of the horizon to the fun and moon, to which thefe
bodies came when the carth kept at reft, and
they were carried round it thewing that they rife
and fet in che fame points of the horizon, and at
the fame times in the hour circle, whether the mo-
tion be in the earth or in the heaven. If the earth
be turned, the hour index goes round its circle ;
but if the fphere be turned, the hour circle goes
round below the index.

And
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And fo, by this conftruction, the machine is
equally fitted to thew either the real motion of the
earth, or the apparent motion of the heaven.

- To reétify the fphere for ufe, firft {lacken the
fcrew 7 in the upright ftem R, and taking hold of
the arm @, move it up or down until the given
degree of latitude for any place be cut by the
ftem 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 latitude
from the north pole, upon the celeftial meridian
L L, down towards the north notch of the horizon,
and fet the horizon to that latitude; then, turn
the nut % until the fun 2° comes to the given day
of the year in the ecliptic, and the fun will be at
its proper place 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 ac-
- cordingly : laftly, turn the winch 77, until either
the fun comes to the meridian LL, or until the
meridian comes to the fun, (according as you
want the {phere or earth to move) and fef the hour
index to the XII, marked noon, and the whole
machine will be reétified.—Then turn the winch,
and obferve when the fun or moon rife and fet in
the horizon, and the hour index will thew 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 by
this fphere, it feems needlefs to enlarge any farther

upon it.

O © o A
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| Pl s e e g
The principles of dialings

A Dial is a plane, upon which lines are deferibed
in fuch a manner, that the fhadow of a wire,
or of the upper edge of another:plane, erected per-
pendicularly on the former, may fhew the true
time of the day. -

The edge of the plane by which the time of the
day is found, is called the ftile of the dial, which
is always parallel to the earth’s axis ; and the line
on which the faid plane is erected, is called the
{ubftile, |

The angle included between the fubftile and
ftile, is called the elevation, or height of the ftile.

Thofe dials whofe planes are parallel to the
plane of the horizon, are called horizontal dials;
and thofe dials whofe planes are perpendicular to
the plane of the horizon, are called wvertical, or
erect dials.

Thofe erect dials, whofe planes diretly front
the north or fouth, are called direét north or fouth
dials ; and all other eret dials are called decliners,
becaufe their planes are turned away from the north
or fouth.

Thofe dials whofe planes are neither parallel nor
perpendicular to the plane of the horizon, are
called inclining, or reclining dials, according as
their planes make acute or obtufe angles with the
horizon 3 and if their planes are alfo turned afide

from




Of dialing. 335
from facing the fouth or north, they are called
declining-inclining, or declining-reclining dials,
 The interfeétion of the plane of the dial, with
that of the meridian, pafiing through the ftile, is
called the meridian of the dial, or the hour-line
of XIIL. "

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-cir-
cles : and their interfeétions with the plane of the
dial; are called hour-lines.

In all declining dials, the fubftile makes an an-
gle with the hour-line of XII; and this angle is
called the diftance of the fubitile from the meri-
dian. -

The declining plane’s difference of longitude,
is the angle formed at the interfetion 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 fubftile,

This mich being premifed concerning dials in general,
we fhall now proceed to explain the different methods
of their conflruttion.

If the whole earth 2P¢p were tranfparent, and Plate XX.
hollow, like a fphere of glafs, and had its equa- i 2
tor divided into 24 equal parts by fo many meri-
dian femicircles, @,4,¢,4d,¢,f,g, &c. one of which The uni-
is the geographical meridian of any given place, S prin-

ciple on

as Loondon, (which is fuppofed to be at the peint *_wh'téh dial-
) and if the hours of XII were marked at the 34

equator, both upon that meridian and the oppofite
one,
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one, and all the reft of the hours in order on the
reft of the meridians, thefe meridians would be
the hour-circles of London: then, if the {phere
had an opake axis as P Ep, 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 all
other places on the meridian of London.

If this {phere was cut through the middle by a

folid plane ABCD, in the rational horizon of

London, one half of the axis EP will be above
the plane, and the other half below it; and if
ftraight lines were drawn from the center of the
plane, to thofe points where its circumference is
cut by the hour-circles of the fphere, thefe lines
would be the hour-lines of a horizontal dial for
London : for the fhadow of the axis would fall
upon each particular hour-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 AFCG, touching the given place (London) at
F, and direltly facing the meridian of London, it

will then become the planc of an erect direét fouth

dial : and if right lines be drawn from its center
E, to thofe points of its circumference where the
hour-circles of -the fphere cut it, thefe will be the

hour-lines of a vertical or diret fouth dial for

London, to which the hours 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

il f
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me that it would fall upon the like hour-circle

the {pheye, if the dial-plane was not in the way.

If the plane (ftill facing the meridian) be made Liiiing
incline, or recline, any given number of degrees; ::j;fl d;‘;"“
e hour-circles of the {phere will ftill cut the edge

the plane in thofe points to which the hour-lines
uft be drawn ftraight from the center; and the
is of the fphere will caft a thadow on thefe lines

the refpective hours. The like will ftill hold,
the plane be made to decline any given number Decining
degrees from the meridian, towards the eaft or %4
eft: provided the declination be lefs than go de-
ees, or the reclination be lefs than the co-latitude

the place: and the axis of the fphere will be
gnomon, or ftile, for the dial. But it cannot,
hen the declination is quite go degrees, nor when
e reclination is equal to the co-latitude; becaufe

thefe two cafes, the axis has no elevation above
e plane of the dial.

And thus it appears, that the plane of every dial
prefents the plane of fome great circle upon the
rth; and the gnomon the earth’s axis, whether
be a fmall wire, as in the above figures, or the
ge of a thin plate, as in the common horizontal
ials.

The whole earth, as to its bulk, is but a point
compared to its diftance from the fun: and
erefore, if a fmall fphere of glafs be placed
pon any part of the earth’s furface, fo that its
is be parallel to the axis of the earth, and the
here have fuch lines upon it, and fuch planes
ithin it, as above defcribed; it will fhew the
Z hours
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hours of the day as truly as if it were placed im
the earth’s center, and the fhell of the earth were
as tranfparent as glafs
But becaufe it is impofiible to have a hollowr
fphere of glafs perfetly true, blown round a folid¥
plane ; or if it was, we could not get at the plane}
within the glafs to fet it in any given pofition ; wel
make ufe of a wire-{phere to explain the princi=
ples of dialing, by joining 24 femicircles together
at the poles, and putting a thin flat plate of brafs
within it.
A common globe, of twelve inches diameter, has
generally 24 meridian {femicircles drawn upon it. - If

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 refpective diftances of all the other hours from/
XII. Then, if 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 {traight lines be drawn from the center of the |
board, to thofe peints of the horizon which were!!
cut by the 24 meridian femicircles, they will be¥
the hour-lines of a horizontal dial for that latitud
the edge of whofe gnomon muft be in the ve J
fame ﬁma"mn that the axis of the globe was, bﬂﬁ" |
fore it was taken out of the horizon: thatis, thﬁ_
gnomon muft make an angle with the plane of the
LIIEI equal to the lar.uudf., of the place for whm%

the dial is made. /i

If



Of dialing.

If the pole of the globe be elevated to the * co-
ftitude of the given place, and any meridian be
ought to the north point of the horizon, the reft
the meridians will cut the horizon in the re-
vective diftances of all the hours from XII, for
dire¢t fouth dial ; whofe gnomon muft make an
hgle with the plane of the dial, equal to the co-
titude of the place: and the hours muft be fet
e contrary way on this dial, to what they are on
e horizontal.

But if your globe have more than 24 meridian
micircles upon it, you muft take the following
ethod for making horizontal and fouth dials.

-r ind turn the globe until any particular meridian

orizon, and the oppofite meridian will cut the
fllorizon in the fouth, Then, fet the hour-index
the uppermoft XII on its circle; which done,
lurn the globe weftward until 15 degrees of the .
Mllquator pafs under the brafen meridian, and then
ilhe hour-index will be at I (for the fun moves 15"
WMlecrces every hour) and the firft meridian will cur
Mllhe horizon in the number of degrees from the
fhorth point, that I is diftant from XII, Turn on,
intil other 15 degrees of the equator pafs under
the brafen meridian, and the hour-index will then
be at 1I, and the firlt meridian will cut the ho-

* If the latitude be fubtralted from go degrees, the re-
ainder is called the co-latitude, or complement of the la-
fitude, ;

| L g rizon
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fuppofe the firft) comes to the north point of the dia,
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rizon in the number of degrees that II is diftang}
from XII: and fo, by making 15 degrees of thel
equator pafs under the brafen meridian for ever
hour, the firft meridian of the globe will cut the
horizon in the diftances of all the hours from XII
to VI, which is jult go degrees; and then you
need go no farther, for the diftances of XI, X,/
I1X, VIII, VII, and VI, in the forencon, are the!
fame from XII, as the diftances of T, II, III, IV,
V, and VI, in the afternoon : and thefe hour-lines:
continued through the center, will give the op y
pofite hour-lines on the other half of the dial : but.
no more of thefe 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 working the 26th problem of the fore=!
going lecture. |

Thus, to make a hﬂrlznntal dial for the latitude
of London, which is 51 degrees north, I elevate!
the north pole of the globe 514 degrees above the
north point of the horizon, and then, turn the
globe until the firft 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. i

Then, turning the globe weftward until the in=
dex points fuccefively to I, II, IIL, 1I1I, V, and
VI, in the afternoon ; or until 15, 30, 45, 60,
75, and go degrees of the equator pafs under the
brafen meridiany I find the firft meridian of the
globe cuts the horizon in the following numbers of
degrees from the north towards the ealt, viz. 113,
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k45 38+ 531, 7175 and go; which are the

fefpective diftances of the above hours from XII
ftpon the plane of the herizon.

ipon that plane, as far from each other as is equal
Jo the intended thicknefs of the gnomon or ftile
Ppf the dial, and the fpace included between them
Ivill be the meridian or twelve o’clock line on the
flial. Crofs this meridian at right angles with the
fix o’clock line gb, and fetting one foot of your
flompafies in the interfection a, as a center, defcribe
fhe quadrant ge with any convenient radius or
lipening of the compafies: then, fetting one foot
|h the interfection 4, as a center, with the fame
adius defcribe the quadrant fb, and divide each
juadrant intp go equal parts or degrees, as in the
gure,

Becaufe the hour-lines are lefs diftant from each
hther about noon, than in any other part of the
flial, it is beft to have the centers of thefe qua-
rants at a little diftance from the center of the
ial-plane, on the fide oppofite to XII, in order
o enlarge the hour diftances thereabouts, under
e fame angles on the plane. Thus, the center
if the plane is at C, but the centers of the qua-
frants are at 2z and 2.

Laying a ruler over the point 4, (and keeping it
ere for the center of all the afternoon hours in
e quadrant f5) draw the hour-line of I through
1% degrees in the quadrant; the hour-line of II,
hrough 24 degrees; of III, through 38+; de-
Z 3 . preeay

To transfer thefe, and the reft of the hours, to Plate XXI,
horizontal plane, draw the right lines a¢ and 4% *
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grees s IIII, through 531, and V thmugh 71
and becaufe the fun rifes about four in the mormn-=(}
ing, on the longeft days at London; continue the
hour-lines of IIII and V in the afternoon, through -
the center 4 to the oppofite fide of the dial,— This:
done, lay the ruler to the center 2 of the quadrant
¢z, and through the like divifions or degrees of
that quadrant, viz. 11}, 244, 385 535, and§
71+5, draw the forenoon hour-lines of XI, X, 1
iX, VIII, and VII; and becaufe the fun fets not’
before eight in the evening on the longeft days, :
continue the hour-lines of VII and VIII in the fore-§

noon, through the center 4, to VII and VIII in |

on this dial ; to which the hours may be fet; as§
in the figure. 1

Laftly, through 51} degrees of either quadrant, §
and from its center, draw the right line g for the§
hypothenufe or axis of the gnomon zg7; and from |
2, let fall the perpendicular g7, upon the meridian |
line ai, (called alfo the fubftile) and there will be §
a triangle made, whofe fides are.ag, g7, and ia. |
If this triangle be made a plate as thick as the
diftance between the lines ¢ and 44, and fet uvp-:
right between them,. touching at 2 and 2, its hy-
pothenufe 2g will be parallel to the axis of the}
world, when the dial is truly fet; and will caft a}
fhadow on the hour of the day. |

N. B. The trouble of dividing the two qua-
drants may be faved, if you have a fcale with a¥
line of chords upon it, fuch as that on the righel§
hand of the plate: for if you extend the com-3
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djpafies from o to 6o degrees on the line of chords,

land with that extent as a radius, defcribe the two

‘ uadrants upon their refpective centers, the above
iftances may be taken with the compafles upon the

ine, and {et off upon the quadrants.

To make an erefl direlt fouth dial. Elevate theFig. =
pole to the co-latitude of your place, and proceed e
ffin all refpects as above taught for the horizontal &r¢” fouté
dial, from VI in the morning to VI in the after-
fihoon ; only the hours muft be reverfed, as in the
fhgure ; and the hypothenufe ag, of the gnomon

n¢ f, muft make an angle with the dial-plane equal

|
fto the co-laticude of the place. As the fun can

!lh no longer on this dial, than from fix in the
orning until {ix in the evening, there is no oe-
Jcalion for having any more than twelve hours upon
L.

To make ar eref dial, declining from the [outh To con-
powards the eaff or weff. LElevate the pole to the gﬁfdﬂ}m
flaticude of your place, and fcrew the quadranting dial
fof altitude to the zenith. Then, if your dial de-
lines toward the eaft (which we fhall fuppofe it to
ldo at prefent) count in the horizon the degrees of
declination, from the eaft point towards the north,
and bring the lower end of the quadrant to‘that
degree of declination at which the reckoning ends.
This done, bring any particular meridian of your
iglobe (as fuppole the firft meridian) directly under
Ithe graduated edge of the upper part of the brafen
meridian, and fet the hour-index to XII at noon.
Then, keeping the quadrant of altitude at the de-
gree of declination in the horizon, tyrn the globe

Z 3 caftward
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eaftward on its axis, and obferve the degrees cut
by the firft meridian in the quadrant of altitude
(counted from the zenith) as the hour-index comes
to XI, X, IX, &c. in the forenoon, or as 15, 30,
45, &c. degrees of the equator pafs under the brafen
meridian at thefe hours refpectively ; and the degrees
then cut in the quadrant by the firft meridian, are
the refpective diftances of the forenoon hours
from XII on the plane of the dial.—Then, for
the afternoon hours, turn the quadrant of altitude
round the zenith until it comes to the degree in
the horizon oppofite to that where it was placed
before ; namely, as far from the weft point of the
horizon toward the fouth, as it was fet at firft from
the eaft point toward the north; and turn the globe
weftward on its axis, until the firft meridian comes
to the brafen meridian again, and the hour-index
to XII: then, continue to turn the globe weftward,
and as the index points to the afternoon hours I,
11, III, &c. or as 15, 30, 45, &c. degrees of the
equator pafs under the brafen meridian, 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 XII on the dial.—And
note, that when the firft 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 afternocn, the index will point to the time
when the fun goes off the dial.

Having thus found all the hour-diftances from
X1, lay them down upon your dial-plane, either
by
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by dividing a femicircle into two quadrants of go
degrees each, (beginning at the hour-line of XII)
or by the line of chords, as above directed.

In all declining dials, the line on which the ftile
or gnomon ftands (commonly called the fubftile-line)
makes an angle with the twelve o’clock line, and
falls among the forenoon hour-lines, if the dial de-
clines towards the eaft ; and among the afternoon
hour-lines, when the dial declines 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 toward 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
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 firft meri-

dian will then crofs one another at right angles,
and the number of degrees 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 inter=
cepted between the quadrant and the north pole,
is equal to the elevation of the ftile above the
plane of the dial,

If

345
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If the dial declines weftward from the fouthy,

count that declination from the eaft point of the
horizon towards the fouth, and bring the quadrant
of altitude to the degree in the horizon at which
the reckoning ends; both for finding the forenoon
hours, and diftance of the fubftile from the meri-
dian: and for the afternoon hours, bring the qua-
drant to the oppofite degree in the horizon, namely,
as far from the weft towards the nerth, and then
proceed in all refpecls as above,

Thus, we have finithed our declining dial ; and
in fo doing, we made four dials, viz.

1. A north dial, declining eaftward the fame
number of degrees. 2. A north dial, declining
weft the fame number. 3. A fouth dial, declin-
ing ealt. And, 4, a fouth dial declining weft.

Only, placing the proper number of hours, and
the ftile or gnomon refpectively, upon each plane.
For (as above-mentioned) in the fouth-weft plane,
the fubftilar-line falls among the afternoon hours
and in the fouth-ealt, of the fame declination,
among the forenoon hours, at equal diftances from
X1I.  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 pro-
duce the north-weft decliner ; and the fouth-weft
decliner, the north-eaft decliner, by only extend-
ing the hour-lines, ftile and fubftile, quite through
the center: the axis of the ftile, (or edge that
cafts the fhadow on the hour of the day) being in
all dials whatever parallel to the axis of the

world, and confequently pointing towards the north

pnle

e
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pole of the heaven in north latitudes, and towards
the fouth pole, in fouth latitudes. - See more of this
in the following leflure.

But becaufe every one who would like to make An eafy
a dial, may perhaps not be provided with a globe method for
to affift him, and may probably not underftand ing of dials.
the method of deing it by logarithmic calcula-
tion ; we fhall fhew 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 fcales commonly fold by the mathematical
inftrument makers.

This is the eafieft of all mechanical methods,
and by much the beft, when the lines are truly
divided : and not only the half hours and quarters
may be laid down by all of them, but every fifth
minute by moft, and every fingle minute by thofe
where the line of hours is a foot in length.

Having drawn your double meridian line 24, Fig. 3.
¢d, on the plane intended for a horizontal dial,
and croffed it at right angles by the fix o’clock
line fe, (as in Fig. 1.) take the latitude of your
place with the compafies, in the {cale of latitudes,
and fet that extent from ¢ to ¢, and from a to f,
on the fix o’clock line: then, taking the whole fix
hours between the points of the compafles in the
fcale of hours, with that extent fet one foot in the
point ¢, and let the other foot fall where it will
upon the meridian line ¢d, as at 4. Do the fame
from f to 4, and draw the right lines ed and f5,
each of which will be equal in length to the

whole
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whole fcale of hours. This done, fetting one
foot of the compafles in the beginning of the
fcale at XII, and extending the other to each hour
on the fcale, lay off thefe extents from d to e for the
afternoon hours, and from 4 to ffor thofe of the
forenoon : this will divide the lines de and &f in
the fame manner as the hour-fcale is divided, at
I, 2, 3, 4, and 6 ; on which the quarters may alfo
be laid down, if required. Then, laying a ruler
on the point ¢, draw the firft five hours in the af-
ternoon, from that point, through the dots at the
numeral figures 1, 2, 3, 4, 5, on the line de; and
continue the lines of IIII and V through the center
¢ to the other fide of the dial, for the like hours of
th¢ morning : which done, lay the ruler on the
point a, and draw the laft five hours in the fore-
nooa through the dots 5, 4, 3, 2, 1, on the line
f &5 continuing the hour-lines of VII and VIII
through the center ¢ to the other fide of the dial,
tor the like hours of the evening ; and fet the hours
to their refpective lines, as in the figure, Laftly,
make the gnomon the fame way as taught above
for the horizontal dial ; and the whole will be fi-
nithed,.

To make an ereft fouth dial, take the co-lati-
tude of your place from the fcale of latitudes, and
then proceed in all refpeils for the hour-lines, as
in the horizontal dial ; only reverfing the hours, as
in Fig. 25 and making the angle of the ftile’s
height equal to the co-latitude.

I have drawn out a fet of dialing lines upon the
top of the 22d Plate, large enough for making a

¥ dial

s

N
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dial of g inches diameter, or more inches if re-
quired ; and have drawn them tolerably exaét for
common practice, 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
exact than as it is on the plate, for, being richtly
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 afterward.

But left the young #yro thould have neither elobe
nor wooden {cale, 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 proper angle of the ftile’s elevation ; which is
eafily done.
~ With any opening of 'the compafies, as Z L, de-Fig. 4.

fcribe the two femicircles LFk and L Q %, upon
the centers Z and 2z, where the fix o’clock line Hoizmal
croffes the double meridian line; and divide each %4
femicircle into 12 equal parts, beginning at L
(though, ftrictly {peaking, only the quadrants from
L to the fix o’clock line need be divided:) then
connect the divifions which are equidiftant from L,
by the parallel lines KM, IN, HO, GP, and FQ.
Draw 7' Z for the hypothenufe of the ftile, making
the angle 7 Z E equal to the latitude of your place;
and continue the line #Z to R. Draw the line R#
parallel
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parallel to the fix o’clock line, and fet off the di-
ftance at ¢ K from Z to 7, the diftance 41 from Z
to X, ¢H from Zto W, dG from Zto T, and ¢F
from Z to §. Then draw the lines Ss, T¢, #Ww,
Xx, and 27y, each parallel to Rr. Set off the di-
ftance 2" from & to 11, and from f to 1 ; the di-
ftance ¥ X from 4 to 10, and from g to 25 Wi
from ¢ to g, and from » to 3; ¢7 from d to 8§,
and from:ito 4; 58 from e to 7, and from # to
5. Then laying a ruler to the center Z, draw the
forenoon hour-lines through the points 11, 10, 9y
8, 75 and laying it to the center 2, draw the after-
noon lines through the points 1, 2, 3, 4, 53 con-
tinuing the forenoon lines of VII and VIII through
the center Z, to the oppofite fide of the dial, for
the like afternoon hours; and the afternoon lines
IIIT and V through the center =z to the oppofite
fide for the like morning hours. Set the hours to

* thefe lines as in the figure, and then erelt the ftile

or gnomon, and the horizontal dial will be £-
nithed.

To conftruct a fouth dial, draw the line 7 Z,
making an angle with the meridian ZL equal 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 method of conftrufting the dialing lines, and
fome others ; which is as follows.

With
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With any opening of the compafies, as £ .4, ac- P XXIL
cording to the intended length of the fcale, deferibe” ©
the circle 48 CD, and crofs it at right angles by
the diameters 4 £C and BED. Divide the qua-
drant 4B firft into g equal parts, and then each
part into 10 ;3 fo fhall the quadrant be divided into Diaking fnse
' 9o equal parts or degrees. Draw the right line 3o% o™
AFB for the chord of this quadrant, and fetting
one foot of the compafies in the point 4, extend the
other to the feveral divifions of the quadrant, and
transfer thefe divifions to the line 4FB by the
arcs 10 10, 20 20, &c. and this will be a line of
chords, divided into go unequal parts : which, if
transferred from the line back again to the qua-
drant, will divide it equally. Itis plain by the
~ figure that the diftance from A to 6o in the line of
chords, is juft equal to AE, the radius of the circle
from which that line is made 5 for if the arc 6o 60
be continued, of which 4 is the center, it goes ex-
attly through the center E of the arc 4B.

And therefore, in laying down any number of
degrees on a circle, by the line of chords, you
muft firft open the compafles fo, as to take in juft
6o degrees upon that line, as from A4 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 A, 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
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Divide the quadrant C D into go equal parts, and
from each point of divifion draw right lines, as 7,
k, I, &c. to the line CE, all perpendicular to that
line, and parallel to D E, which will divide EC
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 poiat D, and over each di-
vifion- in the line of fines, it will divide the qua-
drant BC into go unequal parts, as Ba, Bb, &c.
thewn by the right lines 104, 204, 30¢, &c. drawn
along the edge of the ruler. If the right line BC
be drawn, fubtending this quadrant, and the near-
eft diftances Ba, Bb, B¢, &c. be taken in the
compafles from B, and fet upon this line in the
fame manner as directed for the line of chords ;
we have a line of latitudes BC, equal in length to
the line of chords 4B, and of an equal number of
divifions, but very unequal as to their lengths.

Draw the right line DG 4, {ubtending the qua-
drant D 4, and parallel to it draw the right line
rs, touching the quadrant D 4 at the numeral fi-
gure 3. Divide this quadrant into (ix equal parts,
as 1, 2, 3, &c. and through thefe points of divifion
draw right lines from the center E to the line s,
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 {fub-divided into four
equal parts, right lines drawn from the center
threugh thefe points of divifion, and continued to
the line #s, will divide each hour upon it into
quarters.

In
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and carried in a pocket-book. The lines ad, 4, vt
and ac of the gnomon are cut quite through the
rard ; and as the end a4 of the gnomon is raifed
occafionally above the plane of the dial, it turns,
as it were, upon the uncut line ¢d. The line 4B
flis {lit quite through the card, and the thread C

is put through the f{lit, and has a knot tied behind,
to keep it from being eafily drawn out. On the
other end of this thread is a {mall plummet D, and
on the middle of it a {mall bead for fhewing the
hour of the day.

To reétify this dial, fet the thread in the flit,
iright againft the day of the month, and ftretch the
thread from the day of the month over the angular
Hpoint where the curve lines meet at XII, then
ithift the bead to that point on the thread, and the
dial will be retified.

To find the hour of the day, raife the gnomon
i(no matter how much or how little) and hold the
dge of the dial next the gnomon towards the fun,
{0 as the uppermoft edge of the thadow of the gno-
mon may juft cover the fhadow-line; and the bead
hen playing freely on the face of the dial, by the
eight of the plummet, will fhew the time of the
day among the hour-lines, as it is forenoon or
fternoon.
To find the time of {un-rifing and fetting, move
the thread among the hour-lines, until it either
overs fome one of them, or lies parallel betwixt
any two ; and then it will cut the time of fun-
A a rifing

“In Fig. 2. we have the reprefentation of a por-Fig. 2
t&blﬂ dial which may be eaﬁly drawn on a card, A dialona
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rifing among the forenoon hours, and of fun-fetting!
among the afternoon-hours, for that day of the
year to which the thread is fet in the fcale of
months. |

To find the fun’s declination, ftretch the thread
from the day of the month, over the angular point
at twelve, and it will cut the fun’s declination, as |
it is north or fouth, for that day, in the proper
fcale.

To find on what days the fun enters the figns :
when the bead, as above reétified, moves along |
any of the curve lines 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 conftruction of this dial is very eafy, tfpc-
cially if the reader compares it all along with Fig.
3, as he reads the following explanation of that
figure.

Draw the occult line 4B parallel to the top of
the card, and crofs it at right angles with the fix
o’clock line ECD. Then, upon C, as a center
with the radius C 4, defcribe the femicircle 4E L,
and divide it into 12 equal parts (beginning at 4)
as Ar, As, &c. and from thefe points of divifion,
draw the hour-lines 7, 5, £, #, v, K, w, and «, all pa-
rallel to the fix o’clock line £C. If 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§Dv, making
the angle §4 B equal to the latitude of your place. |
Upon the center 4, defcribe the arch RS 7, and

& fet
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“#and divide them accordingly, as in Fig. 2.
hrough the interfe¢tion D of the lines £C D and
{ Do, draw F DG at right angles to 4 Do. Lay a
uler on the points 4 and R, and draw the line
{ R F through 23 degrees of fouth declination in
he arc SR ; and then laying the ruler over the
ints 4 and 7, draw the line 4/7G through 23X
degrees of north declination in the arc $7 ¢ {o fhall
khe lines /R Fand 47 G cut the line FDG in the
proper length for the {cale of months. Upon the
center D, with the radius D F, defcribe the femi-
ircle o G 5 which divide into fix equal parts,
\F'm, mn, no, &c. and from thefe points of divifion,
“Mclraw the right lines mb, ni, pk, and ¢/, each pa-
rallel to o D. Then fetting one foot of the com-
pafes in the point E, extend the other to 4, and
defcribe the arc #zH for the tropic of V§ : with the
fame extent, fetting one foot in G, defcribe the arc
A E O for the tropic of S5. Next, fetting one foot
an the point 5, and extending the other to 4, de-
fcribe the arc A C I for the beginning of W and [';
and with the fame extent, fetting one foot in the
point /, defcribe the arc /N for the beginning of
Il and §),. Set one foot in the point 7, and having
=xtended the other to A4, defcribe the arc AK for
he beginning of M and 1 ; and with the fame
xtent, fet one foot in £, and defcribe the arc /M
Mfor the beginning of $and MY. Then, fetting one
foot in the point D, and extending the other to 4,
defcribe the curve 4L for the beginning of
: Aaz and
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‘and x5 and the figns will be finifhed. Thrs

done, lay a ruler from the point 4 over the fun’s
declination in the arch RST (found by the follow-
ing table) for every fifth day of the year; and
where the ruler cuts the line FD G, make marks s
and place the days of the months right againft
thefe marks, in the manner fhewn by Fig. 8y §
Laltly, draw the fhadow-line PQ parallel to the
occult line ZB; make the gnomon, and fet the
hours to their refpective lines, as in Fig. 2. and
the dial will be finifhed. .,

There are feveral kinds of dials which are called
univerfal, becaufe they ferve for all latitudes. Of

Fig.4. thefe, the beft one that I know, is Mr. Pardie’s,

which confifts of three principal parts; the firfs

An wiver- whereof is called the borizontal plane (A), becaufe

fal dial,

in praétice it muft'be parallel to the horizon. In
this plane is fixed an upright pin, which enters
into the edge of the fecond part BD, called the
meridional plane y which is made of two pieces, the
loweft whereof (B) is called the guadrant, becaife

'3t contains a quarter of a circle, divided into go

degrees ; and it is only into this part, near B,
that the pin enters. The other piece is a femicir-
ele (D) adjufted to the quadrant, and turning in
it by a groove, for raifing or deprefling the diameter
(EF)of the femicircle, which diameter is called
the axis of the inflrument. The third ‘piece is 2.
crele (G), divided on both fides into 24 equal
parts, which are the hours. This circle is put
upon the meridional plane fo, that the axis (EF)
may be perpendicular to the circle 3 and the
point
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point C be the commori center of the circle, femi-
circle, and quadrant. The ftraight edge of the
Ml femicircle is chamfered on both fides to a fharp
edge, which pafles through the center of the cir-
cle. On one fide' of the chamfered part, the firfk
fix months of the year are laid down, according
{llto the fun’s declination for their refpective days;
and on the other fide, the laft fix months. And
againft the days on which the fun enters the figns,
there are ftraight lines drawn upon the femicircle,
with the charaters of the figns marked upon
Mllzhem. There is a black line drawn along the mid-
Wlldle of the upright edge of the quadrant, over
§ll which hangs a thread (A), with its plummet (1),
Hll for leveling the inftrument.. NN, B. From the 23d
of September to the 2oth of March, the upper
furface of the circle muft touch both the center
C of the femicircle, and the line of O and =3
and from the 20th of March to the 23d of Sep-
tember, the lower {urface of the circle muft touch
that center and line. _

To find the time of the day by this dial. Hav-
ing fet it on a level place in fun-thine, and ad-
jufted it by the leveling {crews £ and /, until the
plumb line hangs over the black line upon the
edge of the quadrant, and parallel to the faid
edge ; move the femicircle in the quadrant,
until the line of ¢ and =y (where the circle
touches) comes to the latitude of your place in the
quadrant : then, turn the whole meridignal plane
B D, with its circle G, upon the horizontal plane
| A4, until the edge of the thadow of the circle falls
A a3 precifely
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precifely on the day of the month in the femicircles

~ and then, the meridional plane will be due north

and fouth, the axis EF will be parallel to the axis
of the world, and will caft a thadow upon the true
time of the day, among the hours on the circle.
N. B. As, when the inftrument is thus rectified,
the quadrant and femicircle are in the plane of the
meridian, fo the circle is then in the plane of the
equinoctial. Therefore, as the fun is above the
equino¢tial in fummer, (in northern latitudes) and
below it in winter; the axis of the femicircle will

" caft a fhadow on the hour of the day, on the up-

per furface of the circle, from the 20th of March
to the 23d of September: and from the 23d of
September, to the 20th of March, the hour of
the day will be determined by the fhadow of the
fe:m:mrcle, upon the lower furface of the circle. In
the former cafe, 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 ACB, equal to the diameter of the fe=
micircle 4D B, and crofs it in the middle at right
angles with the line ECD, equal in length to
ADB 5 then EC will be the radius of the circle
FCG, which is the fame as that of the femicircle.
Upon E, as a center, defcribe the circle FCG, on
which, {et off the arcs Ck and Ci, each equal to
23+ degrees, and divide them accordingly into.
that number, for the fun’s declination. Then,

laying
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iying the edge of a ruler over the center £, and
fo over the fun’s declination for every * fifth day
f each month, (as in the card dial) mark the
oints on the diameter 4B of the {femicircle, from
to g, which are cut by the ruler ; and zbere, place
he days of the months accordingly, anfwering to
he fun’s declination, This done, fetting one foot
f the compaffes in C, and extending the other to
M@ or g, defcribe the femicircle abcdefg; which

divide into {ix equal parts, and through the points
of divifion draw right lines, parallel to CD, for
the beginning of the fines, (of which one half
are on one f{ide of the femicircle, and the other
half on the other) and fet the charaéters of the
figns to their proper lines, as in the figure.

The following table fhews 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 itfelf,
and the firft and third years after. It is ufeful for
infcribing the months and their days on fun-dials ;
'and alfo for finding the latitudes of places, ac-
cording to the methods prefcribed at the end of the
| table. |
|

* The intermediate days may be drawn in by hand, if the
fpace be large enough to contain them.

Aag A Tablé

35%



§60‘ -

Tables of the fur's place and declination.
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A Table thewing the fun’s place and declination.
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o Sun’s P1. |Sun’s Dec. o Sun’sPl. {Sun’s Dec.
d {D, M. |D. M.|{ S |D. M|D M,
Gl i R AR A S e
kb S e R S 2 bag an olaerb cds
8.1 13 .8 Faz 49 3 Faiiaa- kb ‘zy
PR AT o TR 4 ¥ 74 16 10
|1 Lo fiag igh § Yabin pag sl
6 1.6 s ab -2z Oz2p T [ L '15 33—
A b e o B 7% T8 BT gy
8 | 18 13 | 22 14 8 119 43 | 14 53
G| 39 g, Fzz iE 90 | 20 44 | 14 36
10 | 20 16 | 21 b Lo e L T e
1021 o%Y - 2N g LY ik 22 A4S 115 BT
12| 22 ;a8 % 21¢ 35 1z | 23 46 [ 53 33
R e e 1 B e I3 42 @6 Pepaighy
T4 o 2ol fryay L4 | 250 472 ¥2 %7
L deZe VziFE LG 8 15 526 a7 |12 mb-
116 | 26 22 | 40 54 1629048 oae  ag
17- 1 27 24 | 20 43 17 | 28 48 | 11 54
I8} 28.'z¢ | 20 30 18 | 29 48 | 11 33
19} 29 26 | 26" ‘18 19 oX49 | 11 1z
us | ipseay ) 2008 20 1 49 | 10 3o
21 28 | 1giez 21 2z o | 10 ig
22 2 29 | 1g 38 22 3 aron A5 Ly
23 339 | 190 24 23 459 ks 9995
2.1 4,30 | TOLL3D 24 5 51 9. 23
25 5 .32 1 I3 “GF 25 6 51 g 'a
26 [T Sl I T 26 iy | 8 38
27 r VB N O S 27 8 351 8 16
264 B gsv bl g 451 28 ) Vgt o raieg
£9 e L s e '
30 |10 36 | 17 36 | |lathefe Tables, N fignifies
; 'north declination, and §
31 1137 117" 19 ) lonth.

L)
"

5
53. e

ek SR

il e




Tables of the fun’s place and declination.

A Table thewing the fun’s place and declination.

March, April.
o Sun’s PL. (Sun’sDec. o Sun’s Pl. |Sun’s Dec.
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Tables tf the fun’s place and declination.

-
A Table thewing the fun’s place and declination.
May. June.
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A Table fhewing the {fun’s place and declination.

July. Auguit.
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Tables of the fun's place and declination.

A Table fhewing the fun’s place and declination,
' September. ! October.
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A Table thewing the fun’s place and declination.
= November., Ilecembher.
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Ruks for finding the latitude.

To find the latitude of any place by obfervation.

The latitude of any place, is equal to the eleva~

tion of the pole above the horizon of that place.
Therefore it is plain, that if there was a ftar fixt
in the pole, there would be nothing required to
find the latitude, but to take the height of that
ftar with a good inftrument. But although there
is no ftar in the pole, yet the Jatitude may be
found by taking the greateft and leaft height of
any ftar that never fets : for if half the difference
between thefe heights be added to the leaft height,
or fubtratted from the greateft, the fum or remain-
der, will be equal to the height of the pole at the
place of obfervation.

But becaufe the night muft be more than 12
hours in length, in order to have two fuch obfer-
vations; the fun’s meridian altitude and decli-
nation are generally made ufe of for finding the
latitude, by means of its complement, which is
equal to the elevation of the equinoctial above the
horizon; and if this complement be fubtraéted
from go degrees, the remainder is the latitude :
concerning which, I think the following rules take
in all the various cafes.

1. If the fun has north declination, and is on
the meridian to the fouth of your place, fubtra&®
the declination from the meridian altitude, (taken
by a good quadrant) and the remainder is the
height of the equinoétial or complement of the lati-
tude north.

E X-

] [

T

rara—
— e

il il
P




Rules for finding the latitude. B67

Rt A M P L B,

Sup- § The fun’s meridian altitude 42° 20 South
ofe € And his declination, (fubtr.) 10 15 North

Rem. the comp. of the latitude 32 3
Which fubtra&t from — — go o

]'ﬁnd the rem. 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
lthan go degrees, is the complement of the latitude
north : butif the fum exceeds go degrees, the la-
ticude is fouth, and if go be taken from that fum,
‘the remainder will be the latitude.

R AMPLES

| The fun’s meridian altitude 65° 10" South
The {un’s declination, (add) 15 30 South
JICic;}rrnp—. of the latitude = — 8o 40
Subtrat from = — 9o - 0
Rem, the latitude — 9 20 North,
IThe fun’s meridian altitude 80° 40 South

The fun’s declination, (add) 20 10 South

1

The fum g "= - 100 50

From which ﬁlbtraﬂ: - go ©

|

Remains the latitude === 10 50 South.

3. If
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Rules for finding the latrtude.

3. If the fun has north declination, and is on
the meridian north of your place, add the de-
clination to the north meridian altitude; the fum,
if lefs than go degrees, is the complement of the
latitude fouth : but if the fum is more than go de-
grees, fubtract go from it, and the remainder is
the latitude north.

EXAMPLES.

Sun’s meridian altitude - 60° 30" North
Sun’s declination, add - - 20 10 North
«Compl. of the latitude = - 8o 40
Subtra&t from - - - - g0 o
~ Remains the latitude - - 9 20 South.

Sun’s meridian altitude -~ %0° 20" North
Sun’s declination, add - - 23 20 North

Thefumig; = = = _+ 062 .40
From which fubtrat = =« 9o o

Remains the latitude = - 3 40 North,

4. If the fun has fouth declination, and is north
of your place at noon, fubtraét the declination
from the north meridian altitude, and the re-

mainder is the complement of the latitude fouth.

EXAM-
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EXIAMPLE,

Sun’s meridian altitude = - £2° 30" North
Sun’s declination, fubtra& - 20 10 South

Compl. of the latitude = - 32 20
Subtratt this from - - - 9o o

And the rem. is the latitude 57 40 South,

5. If the fun has no declination, and is fouth
Jif your place at noon, the meridian altitude is the

omplement of the latitude north : but if the fun
Jle then north of your place, his meridian altitude
s the complement of the latitude fouth.

2 A M P L ES

Sun’s meridian altitude: - - 38° 30" South
il Subtra& from - - =~ -« g0 o©

Remains the latitude - 51 30 North,

: Sun’s meridian altitude - - 38° 30" North
Subtraét from - - - - g0 o

|l Remains the latitude - 51 30 South.

| 6. If you obferve the fun beneath the pole,
libtract his declination from go degrees, and add
fhe remainder to his altitude; and the {fum is the
Jaticude,

' Bb E X.
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E XA M PLE 1

——

Sun’s declination - - - 20° 30
Subtrat from - - - - g0 o
Remains - - - - - - 69 3D§add 1]
Sun’s altitude below the pole 10 20

1
i

The fum is the latitude - 79 j5o.
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 palc,,
when his declination 1s north. |
5. If the fun be in the zenith at noon, and at-
the fame time has no declination, you are then |
under the cqumn&la] and fo have no latitude. '
8. If the fun be in the zenith at noon, and haﬂ*;
declination, the declination is equal to the latitude, |
north or fouth. Thefe two cafes require no tx--

amples. |

]

1°E*C o
Of dialing.

"AVING fhewn in the preceding Le&ure
how to make fun-dials by the affiftance of a.

good globe, or of a dialing fcale, we fhall now
proceed to the method of conftructing them arith-
metically ; which will be more agrecable to thofe
who
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who have learnt the elements of trigonometry, be-
| aufe globes and-fcales can never be fo accurate as
fthe logarithms, in finding the angular diftances of
he hours., Yet, as a globe may be found exat
nough for fome other requifites in dialing, we
Ilhall take it in occafionally.

| The conftruction of fun-dials on all planes
fwhatever, may be included in one general rule: intel-
igible, if that of a horizontal dial for any given la-
fiitude be well underftood. For there is no plane,
fhowever obliquely fituated at any given place, but
hat is parallel to the horizon of fome other place;
find therefore, if we can find that other place by
|l problem on the terreftrial globe, or by a trigo-
hometrical calculation, and conftruét a horizontal
flial for it; that dial, applied to the plane where
is to ferve, will be a true dial for that place.—
hus, an ere&t diret fouth dial in 51X de-
dtrees north latitude, would be a horizontal dial
lin the fame meridian, go degrees fouthward of
12 degrees north latitude; which falls in with
181 degrees of fouth latitude. But if the up-
Hicht plane declines from facing the fouth at the
iven place, it would {till be a horizontal plane go
llegrees from that place ; but for a different longi-
: which would alter the reckoning of the hours

C S Bk

1. Let us fuppofe that an upright plane at
ondon, declines 36 degrees weltward from facing
Bboz the
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the fouth; and that it is required to find a place :
on the globe, to whofe horizen the faid plane is |
parallel ; and alfo the difference of longitude be- |
tween London and that place. |

Reéify the globe to the latitude of London,
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 declina- |
tion, (counted weftward from the fouth point of |
the horizon) is the place at which the abovemen- |
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 graduated edge of the brafs me~ |
ridian; then, the degree of the brafs meridian |
that ftands directly over the place, is its latitude 5 |
and the number of degrees in the equator, that |
are intercepted between the meridian of London
and brafs meridian, is the place’s difference cf
longitude.

Thus, as the latitude of London is z1% de-
grees north, and the declination of the pIace is |
36 degrees weft ; I elevate the north pole 51+ de-
grees above the horizon, and turn the globe until
London comes to the zenith, or under the gra-
duated edge of the meridian ; then, I count 36
degrees on "the horizon, weﬂward 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 me-
ridian, I find it to be under 30% degreas in
fouth latitude ; keeping it there, I count in the ©

equator 1

el T it .4--: i
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Mequator  the number of degrees between the meri-

ow becomes the meridian of the required place)
and find it to be 42%. Therefore, an upright
vlane at London, declining 36 degrees weftward
from the fouth, would be a horizontal plane at
that place, whofe latitude is 3o degrees fouth of
he equator, and longitude 424 degrees weft of
#the meridian of London.

Which difference of longitude being converted
nto time, is 2 hours 51 minutes.
|l The vertical dial, declining weftward 36 de-
fbrces at London, is therefore to be drawn in all

egrees 3 fave only, that the reckoning of the
jhours is to anticipate the reckoning on the hori-
fzontal dial, by 2 hours 51 minutes : for {fo much
looner will the fun come to the meridian of Lon-
on, than to the meridian of any place whofe lon-
itude is 42+ degrees weft from London.,

2. But, to be more exatt than the globe will
flhew us, we fhall ufe a little trigonometry.

and let Z 4 be the pofition of a vertical plane at Z,
declining weftward from §, (the fouth) at an an-
ple of 36 degrees; on which plane an erect dial
Mfor London at Z is to be defcribed. Make the
femidiameter Z D perpendicular to Z 4, and it will
ut the horizon in D, 36 degrees weft of the fouth

Then, a plane in the tangent H D, touching
the fphere in D, will be parallel to the plane Z5;
Bbj and

Jdian of London and the brafen meridian, (which

frefpects as a horizontal dial for fouth latitude 30!

373

Let NES§W be the horizon of London, whole Pl XXIII,
fizenith is Z, and P the north pole of the f{phere Lo x
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and the axis of the fphere will be equally mchned
to both thefe planes. |

Let 7 Q E be the equinoctial, whofe elevation |
above the horizon of Z (London) is 381 degrees ; |
and PR D be the meridian of the place D, cutting
the equinoétial in R. Then, it is evident, that
the arc ‘R D is the latitude of the place D, (where

- the plane Z b would be horizontal) and the are |

RQ is the difference of longitude of the planes |
Zband DH.

In the fpherical triangle DR, the arc WD is |
given, for it is the complement of the plane’s de-
clination from § the fouth ; which complement is

£4° (viz, 9o°—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 |
clevation of the equinodtial above the horizon of
Z, namely. 28 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 RD the latitude of D: which is of a dif- ||

ferent denomination from the latitude of Z, be-
caufe Z and D are on different fides of the equator.

- As radius =1 i~ O D00
To co-fine 36° ¢=RQ 9.90796
So co-fine 51° 30=—=92Z 9.79415

To fine 30° 14—=DR (9.70211) = the
lat. of D, whole horizon is parallel to the vertical
pI:mf Zb at Z. g
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N. B. When radius is made the firft term, 1t
may be omitted, and then, by fubgrating it men-
Jtally from the fum of the other two, the opera-
ion will be fhortened. Thus, in the prefent cafe,

ITo the logarithmic fine of /R = *354° 0" 9.90796
A/ Addthelogarithmic fineof RD =138° 30" 9.79415

Their fum — radius 9.70211
ives the {fame {olution as above. And we fhall
(keep to this method in the following part of the
ork.

To find the difference of longitude of the places
D and Z, fay, as radius is to the co-fine of 38
Jdegrees, the height of the equinotial at Z, fo is
‘the co-tangent of 36 degrees, the plane’s declinati-
flon, to the co-tangent of the difference of longi-
tudes. Thus,

[ To the log. fine of ** 5;° 30 —  9.89354
JAdd the log. tang. of 1 54° o — 10.13874

Their fum —radivs —  — 10.03228is
Jithe neareft tangent of 47° 8', = W R ; which is
{ithe co-tangent of 42° 52, = R @ the difference
of longitude fought. Which difference, being re-
duced to time, is 2h. 51t m

* The co-fine of 36° o, or of R2.
+ The co-fine of 51° 30, or of 22Z.
** The co-fine of 38° 30", or of W DR,
1 The co-tangent of 36°, or of D,
Bb s 3. And

375
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Of daling.

3. And thus having found the exa@ latitude

and longitude of the place D, to whofe horizon
the vertical plane at Z is parallel, we fhall proceed
to the conftruftion of a horizontal dial for the
place D, whole latitude is 30° 14 fouth; but an-
ticipating-the time at D by 2 hours 51 minutes,

(negleéting the % minute in praétice) becaufe D is

fo far weftward in longitude from the meridian of
London ; and this will be a true vertical dial at
London, declining weftward 36 degrees.

Aflume any right line CSL for the fubftile of
the dial, and make the angle KXCP equal to the
latitude of the place (wiz. 30° 14") to whofe ho-
rizon the plane of the dial is parallel ; then CRP
will be the axis of the ftile, or edge that cafts the
thadow on the hours of the day in the dial, This
done, draw the contingent line £2, cutting the
fubftilar line at right angles in X; and from K
make KR perpendicular to the axis CRP. Then
KG (=KR) being made radius, that is, equal
to the chord of 60° or tangent of 45° on a good
{eCtor, take 42° 52° (the ‘difference of longitude
of the places Z and D) from the tangents, and
having {et 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 K7 ; that is, the
tangent 27° 52°; and through the point N' draw
CN for the hour-line of 7. The tangent of 12°
52 (which is 15° lefs than 27° 52") fet off the
fame way, will give a point between K and N,
through which the hour-line of II is to be drawn.
The tangent of 2° 8" (the difference between 45°

and

e
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and 42° 52") placed on the other fide of CL, will

determine the point through which the hour-line

of IIIis to be drawn : to which 2° 8, if the tan-
gent of 15° be added, it will make 14° 8 ; and
this fet off from K towards @, on the line £9,
will give a point for the hour-line of IIII: and
fo of the reft.— The forenoon hour-lines are drawn
the fame way, by the continual addition of the
tangents 15° '30% 45°% '&fc. 10 42° 52° (== the
tangent of KA) for the hours of XI, X, IX, &.
as far as neceflary; that is, until there be five
hours on each f{ide of the fubftile. The [ixth
hour, accounted from that hour or part of the
hour on which the fubftile falls, will be al-
ways in a line perpendicular to the fubftile, and
drawn through the center C.

4. In all ere¢t dials, CAZ, 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 in-
terfeCtion of a vertical plane with the plane of
‘the meridian of the place, both which are perpen-
dicular to the plane of the herizon: and any line
HO, or bho, perpendicular to C M, will be a ho-
rizontal line on the plane of the dial, along which
line the hours may be numbered ; and C M being
fet perpendicular to the horizon, the dial will have
its true pofition.

5. If the plane of the dial had declined by an
equal angle toward the eaft, its defcription would
have differed only in this, that the hour-line of
XII would have fallen on the other fide of the

fubftile

377
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fubftile €L, and the line HO would have a fub-
contrary pofition to what it has in this figure.

6. And thefe two dials, with the upper points
of their ftiles turned toward the north pole, will
{ferve for other two planes parallel to them ; the
one declining from the north toward the eaft, and
the cther from the north toward the weft, 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.

Cns B It

«». If the plane of the dial not only deciines, but
alfo reclines, or inclines. Suppofe its declination
rom fronting the fouth §, be equal to the arc §D
on the horizon ; and its reclination be equal to the
arc Dd, of the vertical circle DZ: then it is
plain, that if the quadrant of altitude Z4D, on
the globe, cuts the point D in the horizon, and
the reclination is counted upon the quadrant from
D to d; the interfetion of the hour-circle PR d,
with the equinoétial #7Q E, will determine Rd,
the latitude of the place 4, whofe horizon is pa-
rallel to the given plane at Z ; and R @ will be the

difference in longitude of the planes at 4 and Z.
Trigonometrically thus : let a great circle pafs
through the three points, /#, 4, E; and in the
triangle # Dd, right angled at D, the fides /77D
and Dd are given; and thence the angle D/Z7d
is found, and fo is the hypothenufe #7d. Again,
the difference, or the fum, of DWd, and DWW R
the
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the elevation of the equinoctial above the horizon
of Z, gives the angie d#77R; and the hypothe-
nufe of the triangle # Rd, was juft now found :
whence the fides R4 and /7 R are found, the for-
mer being the latitude of the place d, and the lat-
ter the complement of R the difference of lon-
girude fought.

Thus, if the latitude of the place Z be 52° 10’
north, the declination § D of the plane Zb (which
would be horizontal at 4) be 36°, and the reclina-
tion be 15° or equal to the arc Dd; the fouth
latitude of the place d, that is, the arc Rd, will
be 15° ¢'; and RQ the difference of longitude
36° 2", From thefe data therefore, let the dial
(Fig. 4.) be defcribed ; as in the former example.

8. Only it is to be obferved, that in reclining
~ or inclining dials, the horizontal line will not ftand
at right angles to the hour-line of XII, as in eret
dials ; but its pofition may be found as follows.

379

To the common fubftilar line CK I, on which Fig. «.

' the dial for the place d was defcribed, draw the
dial Crpm 12 for the place D, whofe declination
is the fame as that of d (wiz. the arc §D): and
HO, perpendicular to' Cm the hour-line of XIF
on this dial, will be a horizontal line on the dial
CPRMXII, For, the declination of both dials
being the fame, the horizontal line remains pa-
rallel to itfelf, while the erect pofition of one dial
is reclined, or inclined, with refpet to the pofition

of the other.
Or, the pofition of the dial may be found by ap-
plying it to its plane, fo as to mark the true hour
of
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of the day by the fun, as thewn by another dial;
or by a clock, regulated by a true meridian line
and equation table,

9. There are feveral other things neceffary in
the practice of dialing ; the chief of which, I fhall
give in the form of arithmetical rules, fimple and
eafv to thofe who have learnt the elements of tri-
gonometry. For, in practical arts of this kind,
arithimetic thould be ufed as far as it can go ; and
fcales never trufted to, except in the final con-
ftrution, where they are abfolutely neceffary in
laying down the calculated hour-diftances, on the
plane of the dial. And although the inimitable
artifts of this metropolis have no occafion for fuch
inftruétions, yet they may be of {fome ufe to ftu-
dents, and to private gentlemen who amufe them-
felves this way.

BiURIE R

‘T_a find the angles which the bour-lines on any dial
make with the fubflile.

To the logarithmic fine of the given 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 1 {ubftile;

* That is, of 15, 30, 45, 60, 75° for the hours of I,
II, III, 1111, V, in the afternoon; and XI, X, IX, VIII,
VII, in the forenoon.

+ In all horizontal dials, and eret north or fouth dials,
the fubftile and meridian are the fame: but in all declining

dials, the fubftile line makes an angle with the meridian,

and

e e
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and the fum minys radius will be the logarithmic
tangent of the angle fought.

For, in Fig. 2. KC isto KM in the ratio com-
pounded of the ratio of KC to KG, (=KR) and
of KG to KA ; which, making CK the radius
10,600000, Or 10,0000, Or 10, Or 1, are the ra=-

tio of 10,000000, or of 10,0000, or of 10, or
of 1, to KG x KM.

Thus, in a horizontal dial, for lat. 51° 30, to
find che ‘angular diftance of XI in the forenoen,
or I in the afternoon, from XIIL.

To the log. fine of 51° 30" 9.89354"
Add the log. tang. of 15° 0" 9.42805

The {fum — radius is 9.22159 ==the lo-
garithmic tangent of 11° 50, or of the angle
which the hour-line of XI or I makes with the

hour of XII.

And by computing in this manner, with the {ine
of the latitude, and the tangents of 30, 45, 60,
and 75°, for the hours of II, III, IIII, and V in
the afternoon; or of X, IX, VIII, and VII in the
forenoon ; you will find their angular diftances
from XII to be 24° 18/, 38° 3’, 53° 35, and 71°
6’; which are all that there is occafion to com-
pute for.——=And thefe diftances may be fet off
from XII by a line of chords ; or rather, by taking
1000 from a {cale of equal paris, and fetting that

* In which cafe, the radivs CKX is fuppofed to be divided
into 1000¢00 equal parts,
extent

381
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Fig. 2. extent as a radius from C to XII; and then, taking

209 of the fame parts, (which, in the tables, are
the natural tangent of 11° 50") and fetting them
from XII to XI and to I, on the line bo, which
is perpendicular to € XII: and fo for the reft of
the hour-lines, which, in the table of natural tan-
gehts, againft the above diftances, are 451, 782,
1355, and 2920, of fuch equal parts from XII,
as the radius C XII contains 1000. And laftly,
{fet off 1257 (the natural tangent of 51° 30") for
the angle of the ftile’s height, which is equal to
the latitude of the place.

Thf: reafon why I prefer the ufe of the tabular+ 1

numbers, and of a fcale’ decimally divided, to that
of the line of chords, is becaufe there is the Jealt
chance of miftake and error in this way; and like-
wife, becaufe in fome cafes it gwes us the advan-
tage of a nonius’ divifion.

In the univerfal ring-dial, for inftance, the di-
vifions on the axis are the tangents of the angles
of the fun’s declination piaced on either fide of
the center. But inftead of laying them down
from a line of tangents, I would make a {cale of
equal parts, whereof 1000 fhould anfwer exallly
to the length of the femi-axis, from the center to
the infide of the equinottial ring; and then lay
down 434 of thefe parts toward each end from the
center, which would limit all the divifions on the
axis, becaufe 434 are the natural tangent of 23°
29’. And thus, by a nonizs affixed to the {liding
piece, and taking the f{un’s declination from an
ephemeris, and the tangent of that declination

from
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from the table of natural tangents, the (lider might
be always fet true to within two minutes of a de-
arec.

And this fcale of 434 equal parts might be
placed right againft the 23+ degrees of the fun’s
declination, on the axis, inftead of the fun’s place,
which is there of very little ufe. For then, the
flider might be fet in the ufual 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 wherever a fcale of fines
or tangents is required on any inftrument.

RU L E 4k

The latitude of the place, the [un’s declination, and
bis bour-diftance from the meridian, being given ; to
find (1.) bis altitude, (2.) bis azimuth.

383

1. Let d be the fun’s place, 4 R his declination j Fig. 1.

and in the triangle P Zd, Pd the fum, or the dif-
ference, of 4R and the quadrant P R, being given
by the fuppofition, as alfo the complement of the
Jatitude P Z, and the angle d PZ which meafures
the horary diftance of 4 from the meridian; we
fhall (by Cafe 4. of Keill’s oblique {pheric. Tr.)
find the bafe Z4, which is the fun’s diftance from
the zenith, or the complement of his altitude.

And (2.) As AmgZd s in Pdrfin. dPZ;
dZ P, or of its fupplement D,ZS the azimuthal

diftance from the fouth.
Or,
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Or, the pratical rule may be as follows.
- Write A for the fine of the fun’s altitude, L and
! for the fine and co-fine of the latitude, D and 4
for the fine and co-fine of the fun’s declination,
and H for the fine of the horary diftance from

VL

Then the relation of H to A will have three va-
rieties.

1. When the declination is toward the elevated
pole, -and the hour of the day is between XII
and VI; itis A=—LD -} Hld, and H =
A—1LD

T

2. When the hour is after VI, it is /i =— LD

LD—4

""Hﬁrd, and H = .

3. When the declination is toward the depreffed

pole; we have d—= H/d == L D, and H =
A4LD

id " * 3

Which theorems will be found ufeful, and ex-
peditious enough, for folving thofe problems in
geography and dialing, which depend on the
relation of the {un’s altitude to the hour of the day,

A AMYE LEST

Suppofe the latitude of the place to be 512 de-
grees north ; the time five hours diftant from XII,
that is, an hour after {ix in the morning, or before
V1 in the evening; and the fun’s declination 20°
north. Required the fui’s altitude.

Then,

GG el

bl ko il o =



_ Gf dfﬂffng‘.
Then, tolog. L, == log. fin. 51° 30'—1.89354*
add log. D, = log. fin. 20° 00'—1.53403

O Their fum = - —1.4275
lgives LD, — log. 0.267664, in the natural fines.
And, to log. H, =log. fin. + 15° 00'—1.41 300
ARER,
add{ log. /, =log.fin. I 38 00 —1.79415
log. 4, =— log. fin. || #0° 0o —1.97300

Their fum - - - —1.18015

ives Hld, == log. 6.151408; in the natural fines.
And thefe two numbers (0.267664 and 0.151408)
ake 0.41g072 = A ; which, in the table, is the
eareft natural fine of 24° 47, the fun’s altitude
ought. |

The fame hour-diftance being affumed on the
dother fide of VI, then LD — HId is 0.116256,
e fine of 6° 40L" ; which is the fun’s altitude at
" in the motning, or VII in the evening, when his
fiorth declination is 20°.
' But when the declination is 20° fouth (or towards
Whe depreffed pole) the difference H/d— LD be-
lomes negative, and thereby fhews that, an hour
dBefore VI in the morning, or paft VI in the even-
g, the fun’s center is 6° 401 below the horizon.

* Here we confider the radius as unity, and not 18.c0000;
which, inftead of the index g we have — 1, as above :
thich is of no farther ufe, than making the work a little eafier;
+ The diftance of one hour from VI.

t The co-latitude of the place.

if The co-declination of the fum,

C¢ EX A M-
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EXAMPLE IIL

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==% Mf’ 2and 4(the natural fineof 48°)==.743145,

and LD =.267664, A— LD will be 0.475481,
whofe logarithmic fine is —1.6771331
from which taking the

log. fine of /X d, = By AELL

Remains — 1. 9099977 the log. ﬁne

of the hour-diftance fﬂught, viz. of 54. 22" 1
which, reduced to time, is 3 hours 375 min. that
is, IX-h. 37 m. in the forenoon, or Il h,22% m, |

in the afternoon.

Put the altitude = 18°, whofe natural fine is
.3090170; and thence 4 —LD will be ==.0491953; %
which divided by / X d, gives .07171%79, the fine of ||
4° 6%, in time 16 minutes nearly, before VI in 1
the morning, or after V1 in the evening, when the 3

fun’s altitude is 18°.

And, if the declination 20° had been towards °
the fouth pole, the fun would have been deprefled |
18° below the horizon at 16X minutes after VI in ©
the evening ; at which time, the twilight would
end : which happens about the 22d of November, ¥
and 19th of January, in the latitude of 513° north.
The fame way may the end of twilight, or be- =
ginning of dawn, be found for any time of the

year,

NOTEM




Of dialing.

NOTE 1. If intheorem 2 and 3 (pag. 384)
il /4 is put == o, and the value of H is computed,
we have the hour of fun-rifing and fetting, for any
{l latitude, and time of the year. And if we put
ll # — o, and compute A, we have the fun’s alti-
|l tude or depreflion at the hour of VI. And laftly,
lif H, 4, and D, are given,” the latitude may be
{ found by the refolution of a quadratic equation ; for
== ¥ L

NOTE 2. When 4 is equal o, H is equal

nl-'f-f- — 7, L. X7, D, the tangent of the latitude

Jmultiplied by the tangent of the declination.

As, if it was required, wbat is the greateft length
Wof day in lat. 51° 30 ?

Il To the log. tangent of 51° 30" - - 0.0993948
Add the log. tangent of 23° 29' ——1.6379563

. Their fum e=1.7373511
lis the log. fine of the hour-diftance 33° "5 in time
“. h. 122 m. The longeft day therefore is 12 h. -4~
L 1. 25 m. == 16 h. 25m. And the fhorteft day
fs 12 h. — 4h.26m. = 7 h, 35m.

And if the longeft day is given, the latitude of
lthe place is found ; %bﬂing equalto 7, L. Thus,

|
1 fthﬂ longeft day is 13- hours == 2 X 6 h. 4 45 m.
Jind 4; minutes in time being equal to 11 de-

1 rEEE.

From the log. fine of 11° 15 —1.2902357
Take the log. tang. of 23° 29' —1.6379562

Remaifns ~—-10522795 ==
the log. tangent of lat 24° 11, |
| Cc2 And
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‘the planes 4 and Z was found in the fame example ©

Of dialing. I
And the fame way, the latitudes where the fe-
veral geographical c/imates and parallels begin, may
be found; and the laritudes of places that are
afligned in authors from the length of their days,
may be examined and corrected. |
NOTE 3. The fame rule for finding the
longeft day in a given latitude, diftinguifhes the
hour-lines that are neceffary to be drawn on any |
dial, from thofe which would be fuperfluous. |
In lat. 52° 10, the longeft day is 16 h. 32 m.
and the hour-lines are to be marked from 44m.
after III in the morning, to 16 m. after VIII in the |
evening. '
* In the fame latitude, let the dial of Art. 7. Fig.4.
be propofed ; and the elevation of its ftile (or'the 8
latitude of the place 4, whofe horizon is parallel to =
the plane of the dial) being 15° 9"; the longeft day
at d, that is, the longeft time that the fun can ©
illuminate the plane of the dial, will (by the rule ©
H=—9,LXT,D) be twice 6 hours 27 minutes, =
—12 h. 54 m. The difference of longitude of " |

to be 36“1 s in time, 2 hours 24 minutes: and
the declination of the plane was from the fouth
towards the weft. Adding therefore 2 h, 24 m.
to 5h. 33 m. the earlieft fun-rifing on a horizon-
tal dial at 4, the fum 7 h. 57 m. thews that the
morning hours, or the parallel dial at Z, ought to -
begin at 3 min. before VIII. And to the lateft |
fun-fetting at 4, which is 6 h. 24 m. adding the *|
fame 2 h. 24 m. the fum 8 h. 51 m. exceeding 6 h. " |
16 m. the lateft {fun-fetting at Z, by 35 m. thews * |

that =
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that none of the afternoon hour-lines are fuper-
fluous. And the 4h. 13m. from IIl h. 44 m.
the fun-rifing at Zto VII h. 57 m. the fun-rifing
at d, belong to the other face of the dial: that is,
to a dial declmmg 36° from nurr.h to eaft, and in-
clining 15°

B X ANMPBLE T

From the fame data to find the fun’s azimuth.

If H, L, and D are given, then (by Art. 2. of
'Rule IL ) from H having found the altitude,
and its complement Z 4 ; and the arc Pd (the di-
ftance 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 hour-diftance
from the meridian to the fine of the azimuth-
'diftance from the meridian.

Let the latitude be 51° 30" north, the declination
15° g fouth, and the time Ilh. 24 m. afternoon,
when the fun begins to illuminate a vertical wall :
and it is required to find the pofition of the wall.

Then, by the foregoing theorems, the comple-
ment of the altitude will be 81° 32+, and Pd the
diftance from the pole being 109° 5, and the horary
diftance from the mendian, or the angle d P Z 36°.

To log. fin. 74° 51" - = —1. 98464.

“Add log. fin. 36° o - - —1.76922

And from the fum = - = —1.75386
Take the log. fin. 81° 321" —1.99525

Remains —1.75861—=log.fin.

35% the azimuth diftance fouth,
Tl 3 When

380
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- When the altitude is given, find from thence
the hour, and proceed as above.,

This praxis is of fingular ufe on many occafions ;
in finding the declination of wvertical planes’ more
exatly than in the common way, efpecially if the
tranfits of the fun’s center is obierved 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 mag-
netic variation.—In finding the bearings of places
in terreftrial furveys; the tranfits of the fun over -
any place, or his horizontal diftance from it being
obferved, together with the altitude and hour.—
And thence determining fmall differences of longi-
tude.—In obferving the variation at fea, &c. " | '

The learned Mr. Andrew Reid invented an inftru-
ment feveral years ago, for finding the latitude at
fea from two altitudes of the fun, obierved on the
fame day, and the interval of the obfervations,
meafured by a common watch. And this inftru-
ment, whofe only fault was that of its being fome-
what expenfive, was made by Mr. Fackfor, Ta~-
bles have been lately computed for that purpofe.

But we may often, from the foregoing rules, re-
{folve the fame problem without much trouble ; ef-
pecially if we fuppofe the mafter of the fhip to know
within 2 or 3 degrees what his latitude is. Thus,

Affume the two neareft probable limits of the

: A+LED
latitude, and by the theorem H=— -—j{?— , compute

the hours of obfervation for both fuppofitions.
i one interval of thofe computed hours coincides

with
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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 fubtrated from, one of the la-
titudes afflumed. And if more exactnefs is required,
the operation may be repeated with the latitude al-
ready found.

But which ever way the queftion is folved, a
proper allowance is to be made for the difference of
laticude arifing from the fhip’s courfe in the time
between the two obfervations.

| Of the double bovizontal dial 3 and the Baby-
lontan and Italian dials.

To the gnomonic projection, there is fometimes
added a fereographic projettion of the hour-circles,
‘and the parallels of the fun’s declination, on the
fame horizontal plane ; the upright fide of the gno-
mon being floped into an edge, ftanding perpendi-
cularly over the center of the projection: fo that
the dial, being in its due pofition, the fhadow of
that perpendicular edge is a vertical circle paffing
through the fun, in the ftereographic projettion,

The months being duly marked on this dial,
the fun’s declination, and the length of the day
at any time, are had by infpection ; (as alfo his al-
titude, by means of a fcale of tangents). But its
chief property is, that it may be placed true,
whenever the fun fhines, without the help of any
other inftrument.

jection, xdy =z the parallel of the fun’s declination,
C ¢4 Zd

391

Letd be the fun’s place in the fereographic pro- g, 3.
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Z d a vertical circle through the fun’s center, Pd
the hour-circle; and it is evident, that the diame-
ter NS of this projection being placed duly north
and fouth, thefe three circles will pafs through the
point 4. And therefore, to give the dial its due
polition, we have only to turn its gnomon toward
the fun, on a horizontal plane, until the hour on
the common gnomonic projeftion coincides with
that marked by the hour-circle Pd, which pafles
through the interfection of the fhadow Z 4 with the
circle of the fun’s prefent declination.

The Babylonian and Italian dials reckon the hours
not from the meridian, as with us, but from the

{fup’s rifing and fetting. Thus, in Jfaly, an hour

before fun-fet is reckoned the 23d hour ; two hours
before fun-fet, the 22d hour; and fo of the reft,
And the thadow that marks them on the hour-lines,
is that of the point of a ftile. This occafions a
perpetual variation between their dials and clocks,
which they have to correct from time to time, be-
fore it arifes to any fenfible quantity ; by fetting
their clocks fo much fafter or flower. And in
Italy, they begin their day, and regulate their
clocks, not from fun-fet, but from about mid-
twilight, when the ave Maria is faid; which cor-
rets the difference that would otherwife be between
the clock and the dial.

The improvements which have been made in all
forts of inftruments and machines for meafuring
time, have rendered fuch dials of little account.
Yet, as the theory of them is ingenious, and they
arc really, in fome refpeéts, the beft contrived of

- any
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Of dialing. 303
any for vulgar ufe, a general idea of their defcrip-
tion may not be unacceptable.

Let Fig. 5. reprefent an erect direct {fouth wall, gig. s.
on which a Babylorian dial is to be drawn, fhewing
the hours from fun-rifing; the latitude of the
place, whofe horizon is parallel to the wall, being
equal to the angle KCR. Make, asfor a commeon
dial, KG= KR (which is perpendicular to CR)
the radius of the equinotial #£2, and draw R§
perpendicular to CK for the ftile of the dial ; the
fhadow of whofe point R is to mark the hours,
when SR is fet upright on the plane of the dial.

Then it is evident that, in the contingent line
A2, the fpaces K1, K2, K3, &c. being taken
equal to the tangents of the hour-diftances from the
meridian, to the radius X G, ene, two, three, &c.
hours after fun-rifing, on the equinotial day;
the thadow of the point R will be found, at thefe
times, refpettively in the points 1, 2, 3, &c.

Draw, for the like hours after fun-rifing, when
“the fun is in the tropic of capricorn V§ 7, the like
common lines CD, CE, CF, &c. and at thofe
hours the fhadow of the point R will be found in
thofe lines refpectively. Find the fun’s altitudes
above the plane of the dial at thefe hours, and with
their co-tangents §d, Se, Sf, &c. to radius SR,
defcribe arcs interfecting the hour-lines in the
points 4, ¢, f, &c.  So fhall the right lines 14, 2e,
3 f, &ec. be the lines of I, 11, III, &c. hours after
fun-rifing.

The conftruction is the fame in every other cafe,
due regard being had to the difference of longitude

of
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of the place at which the dial would be horizontal,
and the place for which it is to ferve. And like-
wife, taking care to draw no lines but what are ne-
ceffary ; which may be done partly by the rules
already given for determining the time that the fun
thines on any plane ; and partly from this, that on
the tropical days, the hyperbola defcribed by the
fhadow of the point R, limits the extent of all the
hour-lines.

The moft ufeful however, as well as the fimpleft
of fuch dials, is that which is defcribed on the two
fides of a meridian plane.

That the Babylonian and Italic hours are tru]y
enough marked by right lines, is eafily fhewn.
Mark the three points on a globe, where the horizon
cuts the equinoctial, and the two tropics, toward
the eaft, or weft; and turn the globe on its axis
15% or 1 hour; and it is plain, that the three
points which were in a great circle (viz. the hori-
zon) will be in a great circle ftill ; which will be
proje¢ted geometrically into a ftraight line. But

- thefe three points are univerfally the fun’s places,

one hour after fun-fet (or one hour before fun-rife) on
the equinoctial and folftitial days. The like is true
of all other circles of declination, befides the tro-
pics ; and therefore, the hours on fuch dials are
truly marked by ftraight lines limited by the pro-
je€tions of the tropics; and which are rightly drawn,
as in the foregoing example.

Note 1. The fame dials may be delineated
without the hour-lines CD, CE, CF, &c. by
fetting off the fun’s azimuths on the plane of the

dial,
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dial, from the center §, on either {ide of the fubftile
C S K, and the correfponding co-tangents of altitude
from the fame center §, for I, 11, IlI, &c. hours
before or after the fun is in the horizon of the
place for which the dia] is to ferve, on the equi-
noctial and folftitial days.

2, One of thefe dials has its name from the
hours being reckoned from fun-rifing, the begin-
ning of the Babylonian day. But we are not thence
|l to imagine that the equal hours, which it thews,
to be thofe in which the aftronomers of that coun-
|| try marked their obfervations. Thefe, we know
|| with certainty, were unequal, like the Fewifh, as
being twelfth parts of the natural day: and an hour
|l of the night was, in like manner, a twelfth part
W of the night; longer or fhorter according to the
feafon of the year. So that an hour of the day,
| and an hour of the night, at the fame place, would
always make ;- of 24, or 2 equinoétial hours. In
Paleftine, among the Romans, and in feveral
other countries, 3 of thefe unequal nocturnal hours
were a vigilia or watch. And the reduction of equal
and unequal hours into one another, is extremely
cafy. If, for inftance, it is found, by a foregoing
rule, that in a certain latitude, at'a given time of
the year, the length of a day is 14 equinodtial
hours, the unequal hour is then 4 or Z of an hour,
i that is, 70 minutes 3 and the nocturnal hour is 50
minutes. The firft watch begins atVII (fun-fet), the
fecond at three times 50 minutes after, viz, IX h,
g0 m. the third always at midnight; the morning
watch at 4 hour paft 1,

If
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If it were required to draw a dial for thewing
thefe unequal hours, or 12th parts of the day;
we muft take as many declinations of the fun as
are thought neceflary, from the equator towards
each tropic : and having c-::amputed the fun’s alti-
tude and azimuth for %, %, Z:th parts, &e. of
each of the diurnal arcs belonging to the declina-
tions affumed : by thefe, the feveral points in the
circles of declination, where the fhadow of the
ftile’s point falls, are determined : and curve lines
drawn through the points of an homologous di-
vifion will be the hour-lines required.

Of " the right placing of dials, and having a true
meridian line for the ngﬁ!a!:ﬂg of clocks and
watches.

The plane on which the dial is to reft; being

-duly prepared, and every thing neceffary for fix-

ing it; you may find the hour tolerably exact by
a large equinoctial ring-dial, and fet your watch to
it. And then the dial may be fixed by the watch
at your leifure.

If you would be more exact, take the fun’s al-
titude by a good quadrant, noting the precife time
of obfervation by a clock or watch. Then, com-
pute the time for the altitude obferved, (by the
rule, page 386) and fet the watch to agree with
that time, according to the fun. A Hadley’s qua-
drant is very convenient for this purpofe ; for, by
it you may take the angle between the fun and his
image, refleted from a bafon of water; the half

of
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of which angle, fubtraing the refration, is the
altitude required. This 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 day ; 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 obfervations by a clock or watch: and
if the watch fthews the obfervations to be at equal
_diftances from noon, it agrees exactly with the
fun: if not, the watch muft be corretted by half
the difference of the forenoon and afternoon in-
tervals ; and then the dial may be fet true by the
watch,

Thus, for example, fuppofe you had taken the
fun’s altitude when it was 20 minutes paft VIII in
the morning by the watch ; and found by obferving
in the afternoon, that the fun had the fame alti-

- tude 10 minutes before IIII ; then it is plain, that

the watch was 5 minutes too faft for the fun: for

5 minutes after XII is the middle time between

VIII h. 20 m. in the morning, and III h. 50 m.

in the afternoon; and therefore, to make the watch

agree with the fun, it muft be fet back five mi-

nutes.

A good meridian line, for regulating clocks or A meridian

watches, may be had by the following method. “*:

Make a round hole, almoft a quarter of an inch

diameter, in a thin plate of metal ; and fix the
plate in the top of a fouth window, in {fuch a man-
ner,
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ner, that it may recline from the zenith at an an=
gle equal to the co-latitude of your place, as
nearly as you can guefs: for then, the plate will
face the fun direftly at noon on the equino(tial
days. Let the fun fhine freely through the hole
into the room ; and hang a plumb-line to the ciel-
ing 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 cieling, take away the line.

Having adjufted a {liding 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 abovementioned place on the
cieling, parallel to the fide of the room in which
the window is: the groove and bar being towards
the fleor. Then, hang the plumb-line upon the
hook in the bar, the weight or plummet reaching
almoft to the floor; and the whole will be pre-
pared for farther and proper adjuftment.

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 fhines, move the fliding bar
in the groove until the fhadow of the plumb-line
bifects the image of the fun (made by his rays
tranfmitted through the hole) on the floor, wall,
or on a white fcreen placed on the north fide of
the line ; the plummet or weight at the end of the
line hanging freely in a pale of water placed below
1t on the floor.—~But becaufe this may not be quite

corrett
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correct for the firft time, becaufe the plummet will
not fettle immediately, even in water ; it may be far-
ther corrected 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 tranfmitted 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-fthine may be allowed to enter, but what
comes through the fmall hole in the plate. And
always, for {fome time before the obfervation 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 fteady, which
otherwife would be apt to continue fwinging.

As this meridian line will not only be {ufficient
for regulating of clocks and watches to the true
mean time by equation tables, but alfo for moft
aftronomical purpofes, I fhall fay nothing of the
magnificent and expenfive meridian lines at Bo/ogna
‘and Rome, nor of the better methods by which
aftronomers obferve precifely the tranfits of the
heavenly bodies on the meridian.

ke .C F XL

Shewing bow to calculate the mean time of any mew
or full moon, or eclipfe, from the creation of the
world to the year of CHRIST, 5800.

IN computing the following tables for this pur-
pofe, I have kept to the mean motions in Mr.

Meyer's celebrated tables, publithed in the Gottingen
' Tran{-

399
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The calculation of new and full ioons.

‘Tranfactions ; but have altered the form, in or-

der to bring them into as fhort a compafs as pof+
fible. |

P RE C RS

To ﬁﬁd the mean timf.af any new or full moon in any
given year and month after the Chriftian A£ra.

1. If the given year be found in the fecond
column of the Table of the moon’s mean motion from
the fun, under -the title years before and after
CHRIST ; write out that year, with the mean

- motions belonging to it, and thereto join the given

month with its mean motions. But, if the given
year be not in the table, take out the next leffer
one to it that you find, in the fame column; and
thereto add as many compleat years, as will make
up the given year : then, join the given month,
and all the refpective mean motions.

2. Colle& thefe mean motions into one fum of
figns, degrees, minutes, and feconds ; remember-
ing, that 6o feconds (“) make a minute, 60 mis
nutes () a degree, g0 degrees (°) a fign, and 12
igns (°) a circle. 'When the figns exceed 12, or
24, or 36, (which are whole circles) reject them,
and fet down only the remainder ;3 which, together
with the odd degrees, minutes, and feconds already
fet down, muft be reckoned the whole fum of the
collection.

3. Subtraét the refult or fum of this colleétion,

from 12 figns; and write down the remainder,
Then,
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Then, look in the table, under days, for the next
| lefs mean motions to this remainder, and fubtraét
them from it, writing down their remainder.

This done, look in the table under Zours, (marked
H.) for the next lefs mean motions to this laft re-
mainder, and fubtract them from it, writing down
their remainder.

Then, look in the table under minutes, (marked
M.) for the next lefs mean motions to this remain-
der, and fubtract them from it, writing down their
remainder.

Latftly, look in the table under feconds, (marked
.) for the next lefs mean motions to this remain-
er, either greater or lefs ; and againft it you have
he feconds anfwering thereto,

4. And thefe times colleted, will give the
ean time of the required new moon ; which will
right in common years, and alfo in January
nd February in leap-years; but always one day
00 late in leap-years after February,

D d E X A M-

401



402 The calculation of new and Sfull moons.

EXAMYTILE "L
Required the mean time of new moon in September
19764 ? (a year not inferted in the table.)

Moon from fun,

, | B A
To the year after Chriff’s birth 1753 10 9 24 56
Add compleat years =—— II = 0 10 I4 20

(flum 1764)
And join September — - 2 22 25 ¥

The fum of thefe mean motionsis 112 023
‘Which, being fub. from a circle,or 12 0 0 o

Leaves remaining 10 17 59 37
Next lefs mean mot. for 26 days, fub. 10 16 57 34
And there remains == = Ie 13
Next lefs mean mot. for 2 hours, fub. I 057
And the remainder will be 1 6
Next lefs mean mot. for 2 min. {fub. EL T
Remains the mean mot. of 12 fec. B

Thefe times, being collected, would thew 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, asit is in a leap-year, and
after February, the time is one day too late. So,
the true mean time is Sept. the 25th,at 2 m. 12 fec,
paft II in the afternoon. |

N. B. The tables always begin the day at noon,
and reckon thence forward, to the noon of the day

following. : To

e o D g im0 NI i o i s



The caleulation of new and fusll mions.

¥o find the mean time of full moon in any given year
and month after the Chriftian Fra.
Having collected the moon’s mean motion from
the fun for the beginning of the given year and
month, and fubtracted their fum from 12 figns, (as
in the former example) add 6 figns to the remamdh,r
and then proceed in all refpeéts as above.

EXAMPLE IL
Reguired the mean time of full moon in September 17642
Moon from fun.

' T SRR

To the year after Chrift’s birth.1743 10 9 24 56

Add compleat years o, el 1 (B TR
(fum 1764)

And join September  =—  — 2 2331 %

The fum of thefe mean motionsis 112 0 23
Which, being fubtr. from a circle;er 12 0 o o

I.eaves remaining ' 10 17 59 37
To which remainder add —_ 6 0 0 O

And the fum will be == == 41759 3;
Next lefs mean mot. for 11 days, fubt. 4 14 5 54

And there remains 3 53 43
Next lefs mean mot. for 4 hours, fubtr. 3 33 20
And the remainder will be — 20 23
| Next lefs mean mot. for 40 min. fubt. 20 19
Remains the mean mot. for 8 fec. 4

Dda2 Se,
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The calculation of new and full moons.

So, the mean time, according to the tables, is
the r1th of September, at 7 hours, 40 min. 8 fec.
paftnoon. 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 Chriftian

fEra.

To find the mean time of new or full moon in any
given year and month before the Chriftian ra.

If the given year before the year of CHRIST
1 be found in the fecond column of the table, un-
der the title years before and after CHRIST,
write it out, together with the given month, and
join the mean motions. But, if the given year
be not in the table, take out the next greater one
to it that you find ; which being ftill farther 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 re-
{pects as above.

E-X ANEE 1 B TE

Required the mean time of new moon in May, the
year before Chrift 585 ?

The next greater year in the table is 6oo;
which being 15 years before the given year, add the
mean motions for 15 years to thofe of 600, toge-
thex with thofe for the beginning of May.

To



| Tbe calerlation of new and full moons.
, Moon from fun.

. SR £I

| To the year before Chrift 6oo 5 EX 0 10
|| Add compleat years mot. 15 6 o524
And the mean motions for May 022 53 22
The whole fum 1is 04 558

Which, being fubtr. from a circle,or 12 o0 o o

Leaves remaining — =— < 1125 4 57
Next lefs mean mot. for 29 days, fub, 11 23 31 54

And there remains 133 3
ext lefs mean mot. for 3 hours, fub. 13126

-

nd the remainder will be = — 137
ext lefs mean mot. for 3 min. fub. I.31

em. the mean mot. of 14 feconds 6

=

- So, the mean time, by the tables, was the 2gth
f May, at 3 hours, 3 min. 14 fec. paft noon. A
ay later than the truth, on account of its being
n a leap-year. For, as the year of CHRIST 3
as the firft after a leap-year, the year 585 before
he year 1 was a leap-year, of courlfe.

If the given year be after the Chriftian Zra, di-
ide its date by 4, and if nothing remains, it is a
ap-year in the old ftyle. Butif the given year
as before the Chriftian Ara, (or year of CHRIST
) {fubtract one from its date, and divide the re-
ainder by 4; then, if nothing remains, it was a
ap-year ; otherwife, not.

Dd3 Ta
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406 | The caleulation of eclipfes.

To find whether the fun is eclipfed at the time of any
given change, or the moon at any given full.

Of edipfes.  From the Table of the fun’s mean motion, (or
diftance) from the moon’s afcending node, collect the
mean motions an{wering to the given time; and
if the refult fhews the fun to be within 18 degrees
of either 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 12 degrees of ei-
ther of the nodes at the time of full moon, ‘the
moon will be eclipfed at that time, near the con-
trary node: otherwife not.

BEXAMPLE IV,

The moon changes on the 261b of September 1964, af
2 h. 2 m. (neglefting the feconds) after noon. (See
Example 1.) Qu. Whether the Jun will be eclip=
Jed at that time ?

Sun from node,

8 0 W SE

To the year after Cbriff’s birth 1753 1 28 o0 19

Add compleat years B 5 el e
(fum 1764)
September - 8 12 22 49
o 26 days —= == == - 27 013 |
- ) 2 hours . 512
2 minutes — @ — — 5

Sun’s diftance from the afcend. node | 6 9 éz 34 '1 |

Now,

e &

i "‘"".'llF b S . i

2 i

AT ST ST



\“- 1

The calculation of éclipfes. 407

- Now, as the defcending node is juft oppofite to The times
the afcending, (viz. 6 ﬁgns diftant from it) and ™"
the tables fhew only how far the fun has gone from

the afcending node, which, by this example, ap-

pears to be 61 figns, g deg. 32 min. 34 fec. itis plam

that he muft be eclipfed; being then only g° 32

34 fhort of the defcending node.

EXAMPLEYY,

The moon will be fuff on the 11th of September 1764,
at 7 bours 40 min. paft noon. (See Example I1.)
Qu. Whether fbe will be eclipfed at that time ?

Sun from node,

g a S M

To the year after Chrif’s birth1753 128 019
Add compleat years =——— 1I 7 2 356

(flum 1764)
September ~— — — 8122249
. 11 days 11 25 29
S S hours gt 18 11
40:MINULES . - pve s = I 44

Sun’s diftance from the afc. node = 5 24 12 28

Which bemcr fubtratted from 6 figns, leaves only
5° 47" 32" remaining : and this being all the fpace
that the fun is fhort of the defcending node, it is
plain that the moon muft then be eclipfed, be-
caufe fhe is no farther from the contrary node.

Dd 4 E X AM-



408 | The calculation of celipfes.

PP ) 5 O TR '

Qu. Whether the fun was eclipfed in May, the year
before CHRIST 5852 (See Example 111.)

Sun from node.

| i =

To the year before Chrift 6oo — 9 g 23 51
Add the mean mot. of 15 compl. years g 19 27 49

May — — — — . 4 43757

And J29 days - — - L T (o
3 hours — — 2 48
3 min. (neglecting the feconds) 8
Sun’s diftance from the afc. node O 3 44 43

Which: being lefs than 18 degrees, fhews that

the fun was eclipfed ar that time.
Thle This eclipfe was foretold by Thales, and appears
“P to be the eclipfe which put an end to the war be-

tween the Medes and Lydians.

When The times of the fun’s conjunction with the nodes,
;_.‘:’]}‘:i{j’:“’:‘“ﬁ and confequently the eclipfe-months of any given
year, are ealily found by the Table of the fun’s mean
motten from the meon’s afcending node ; and much in
the fame way as the mean conjunétions of the fun
and moon are found by the table of the moon’s
mean motion from the fun. For, colleét the fun’s
mean motion (which is the fame as his diftance
gone) from the moon’s afcending node, for the be-
ginning of any given year, and fubtra it from 12

ﬁ_gns -



To find when there ng@r be eclipfes.

figns ; then, from the remainder, fubtraét the next
lefs mean motions belonging to whatever month you
find them in the table ; and from their remainder
fubtract the next lefs mean motions for days, and
{o on for bours and minutes : the refulr of all which
will fhew the time of the fun’s mean conjunétion
with the afcending node of the moon’s orbit.

EXAMPLEE: VI

Required the time of the fun’s comjuniiion with the
afcending node in the year 1764 ?

Sun from node.

{ s o g o

To the year after Chri’s birth 1753 1 28 o019
Add compleat years 11 » 2. 3 86

Mean dift, atbegin. of A.D. 1764 9 o 4 15
Subtr. this diftance from acircle, or 12 0 0 o

And there remains ~— — «~— 229 55 45
Next lefs mean motion for Marchfubt, 2 1 16 39

' And the remainder will be  — 028 39 6
Next lefs mean mot. for27 days, fubt. 0 28 2 32

-

| And there remains - 36 34
Next lefs mean mot. for 14 hours, fubr 36 21

Rem. (nearly) the mean mot. of 5 min, 13

PMence it appears, that the fun will pafs by the
moon’s afcending node on the 27th of March, at 14
hours

409
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The period and return of e;ffpﬁ.r.

hours 5 minutes paft noon ; wiz. on the 28th day,
at 5 minutes after II in the morning, according to
the tables : but this being in a leap-year, and after
February, the time is one day too late. Confe-
quently, the true time is at 5 minutes paft II in the
morning on the 27th day ; at which time, the de-
fcending node will be directly oppofite to the fun.
If 6 figns be added to the remainder arifing
from the firft fubtrattion, (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 con-
junétion with the defcending node. Thus in

5 e XGNP ke VI
Let it be requived to find when the fun will be in con-
Jjunétion with the defcending node 7 the year 17642

Sun from node.

o /W

To the year after Chrift’s birth 1753 128 o019
Add compleat years: == == g1 g o s.ab

Mean dift. fr. afc. nod.at beg.of 1764 9 o 4 15

Subtr. this diftance from a circle, or 12 0 o o
And the remainder will be — 2 29 55 43
"To which add half acircle, or — 6 0 0 o
And the fum will be == — 829 55 45
Next lefs mean mot. for Septemb, fubt. 8 12 22 49
And there remains ~— =— — 017 32 56
Next lefs mean mot. for 16 days, fubt. o 16 37 4
And the remainder willbe — 55 52
Next lefs mean mot. for 21 hours, fubt. 54 32
Rem. (nearly) the mean mot. of 31 min, I 20

i T - P et B N
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The period and return of eclipfes. 411

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 before The limits
or after the fun’s conjunétion with either of the °f e
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 conjunétion with either
of the nodes, fhe will be eclipfed at that full:
otherwife not. | '

If to the mean time of any eclipfe, either of Their pe-
the fun or moon, we add 557 Julian years, 21 ﬁ;‘;ﬁt::j;’“
days, 18 hours, 11 minutes, and 51 feconds, (in
which there are exaltly 68go mean lunations) we
fhall have the mean time of the return of that
eclipfe. For, at the end of that time, the moon
will be either new or full, according as we add it
to the time of new or full moon; and the fun will
be only 45" farther from the fame node, at the end
of the fajd time, than he was at the beginning of
it; as appears by the following example *.

The

* Dr. HaLiey’s period of eclipfes contains only 18 years,
11 days, 7 hours, 43 minutes, 1§ feconds ; in which time, ac-
cording to his tables, there are juft 223 mean lunations : But,
as in that time, the fun’s mean motion from the node is no
more than 11° 29° 31/ 49//, which wants 28" 11’/ of being as
nearly in conjunétion with the fame node at the end of the pe-
riod as it was at the beginning ; this period can be of no long
duration for finding eclipfes, becaufe it will in time fall quite
without their limits, The following tables make this period 31

{econds
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The period and return of cclipfes.

The period. Moon fr. fun, Sun ff. node.

3 o bl ¥ o £ Sk

500~ 3 5 32 47 — 10 14 45 8

Sl { 40— 8 26 50 37 — 1 23 58 49
17—3 2 21 39— 10 28 40 55

days 21 —8 16 o 21— 21 48 38

years

hours 18— g 8 35— 46 44
minutes 11 — LS T 29
feconds 51 — 26 — 2

Meanmotions © 0 0 O=— O O O 45

L

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 thorteft in which, after many trials, I can
find fo near a co-incidence of the fun, moon, and
the fame nede.

31 feconds fhorter, as appears by the following calculation,

The period. Moon from {un. Sun from node.
¥ o ] T4 1 L} ! fa
Compl.years 18 —— 7 11 59 4=—11 17 46 18
days 11 ——4 14 § 54— 11 25 .29
hours 7 —— 3 33 20— 18 11
min., 42 — 21 20— 1 49
fec, 44 — 23— 2

s

Mean motions o o o o

P —

11 29 31 49

This

= A e ———



A Table of mean lunations.

This table is made by the continual addition of a mean luna-
thon, viz. 2g% 128 44® g% 6’ 21" 147 247 O"I4,

Lun, Pays. H. M. S Th.
In 100000 mean lu-

nations, there are 80835
29 12 61 1o e
9 1'48- g s Julian years, 12z days,

I

z 59 i 21 hours, 36 minutes
) AREE T4 32 1 r 3 -

i g s i‘ 56 Ig 2? o feconds = 2953059

b1 goey . d5 v e ays, 3 hours, 36 mi-

2| B R nutes, 3o feconds.

206 8 21

% e Ig c2' af ‘;‘if Proof of the Table.

9 155 SR e e Moon fr. {un

10 294 7 20 31 k) In .o W N

>

20 590 14 41 2 71T e 4000 1142212
30 gag 22 1 33 1] {q.ano 1142212

Iooo) 29530 14 II 45 S54iM.fr.{funjo o © o
2000| 59061 23 3@ 48
3oco0f 88591 18 335 17 42| Having by the for-
 4000| 118122 8 47 3 30|mer precepts computed
s5o00| 14765z 2z §8 49 30|the mean time new
Iooool 295305 21 5§57 39 ©lmoon in January, for
20000f 590611 19 55 18  Olany given year, it is
jocoo| 885917 17 §2 57 Oleafy by this Table to

o

o

&

z
4
5
soo| 14765 7 5 §2 §7 -
4
4
8

40000|1181223 15 350 36 find the mean time of
50000| 1476529 13 48 15 new moon in January
100000|2953059 3 36 30 for any number of
years afterward : and
by means of a {mall table of lunations for 12z or 13 months,
to make a general table for finding the mean time of new or
full moon in any given year and month whatever.
B, M. Mi-S: Th

In 11 lunations there are 324 20 4 34 10.

In 12 lunations 354 .8 48 37 16,

In 13 lunations T T o T
ut then it would be beft to begin the year with March, to avoid
he inconvenience of lofing a day by miftake in leap-year.

40 1181 B2 450 P 80 21 411
fol 1476 ¥z 42 35 180'& 5:3 3?8:5
100 2953 I 25 10 35iDays 12| 4 26 17 20}
200 5906 50 21t 11| Hours 21 1040 1
300 8859 15 31 46{Min. 36 1817
400| 11812 e I T 15
|
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414 A Table of the moon’s medr

—

*i) u::_?_n :le:r salz-:; Moon from fan, i?:; Moon from fuz.

od. | Currsr. |, | o R
206 4008 5 28 1 17 11l o 10 14 20

714 = 4oc0| 3 9. 23 24 Ials @ilq
1714] & 3o000|I1 20 28 57 I3 11 4o0. 3¢
27141 & 2000( 6 1 34 30 14} 1 21 18 o
3714) 5 1000| 0 1z 40 3 1510 o< gs gy
3814 . gool10 19 46 36 16/10 22 44 15
3914 f 8oo| 8 26 g3 9 E7lg. . 22t 3g
gaiae 7 bl By S E AT R E8L7 "1 Lo g
4104} »~ 6bool-¢- 41" "8 16 Ig{11 21 36 27
42141 5, 5ool. 2 %8° 13 4ol| "3l , 13 25 19
4314 o 400| 1 25 19 323 40{ 8 26 g0 371 |
$4f4 '@ 390| o z. 25 6 6ol 1 10 15 &6 |
14314/ m 200|10 g 32 29 8o 237141 |
H.-ﬁlq.____mo B 86, 39 3 100 Ig 3 D 3§ !
4714 16 23 45 36l 2008 14 13 7t 1
4814 Tor) gL 0T gf. g 30006 21 19 4o 1
6 o o e e | TR 13 4
o8l & Bo rRes 5 asll o ke . iay 17} §
§5114] = got|11 22 1] 491 1000f 6 11 5 33 i
52I4] ' 50119 "2g 18 23 20000 22 11 6| B
il zapekr Hal st ol cosoli s 16 sl B
AN S el Al an 3l Lol ian !
g+66 Sl e 8 3 56[|— |
'-il.i 1801 520, ag Moiiths I:r‘Ioonﬁfmm {un. r
ﬂg Compleat | Moon from fun, — i @
8 gL Cyears, UE R, #l[j28: Lo 0 o o
hE s | ——————— . Fﬁb. (o] I? §4 48

- .

Sel B4 114 9 37 24f|Mar. fir 2 15 16

& Sl aoe BTG R 48 April | 0 17 1o 3
Faeioa = - 31 0Pl sk gg May | o 22 53 23
- o | T 4f|June | 1 19 48 11
=3 .E,::m S{¥o o 18 28]{July | 1 16 3. 32
o EE}, o 0 g Aug. 12 4 26 20,
Sl @8 716 19 33 15 Sept. | z 22 ot 8
wen S = SITE BF. g2 ahiam o 2ete 4 29
Sl =§ 9/ 3 20 59 32//Nov. | 5 ¢ 59 17
EE <@ 1018 "6 36 vl |Det 3 21 32 394

=

.= & { This table agrees with the o// /Ble, until the year 17 t33
& and after that, with the zeas, 1




motion jfrom the fun. 418

;

Moon from fun. || Moon from fun.

S| Moon from {un,

?n £ o : 2 H. 3 < " ; M. 4 ! '
s ; M. I i 21y 'S' 1 Jrs ..u‘”.
1 12 ax dgwi| Sl My A Tl M B
2 24 22 §3

] 43 6 34 20/ 1 30 29|| 31 |15 44 47
4 18 4t Sa7 2 o 571l 32 416 15 16
S o/, 59§13l 13 31 26{| 33 {16 45 44
6 rg B¥laoit g PTG EE TN B G 1
7 25 ZRi Ty L e 32 23| 35 (17 46 42}
8 7% i8] 16 z s5z/| 36 {18 17 10
9 19 43 of| 7 33 20|l 37 |8 47 30
10 De §a 12§ 8 =

3. 49|| 38 {19 18 7
rﬂt 39 {19 48 36

D

skt (1

12 26 17 10 4 46|| 40 {20 19 3
13 8 28 47|| 1 15| 41 {20 49 33}
5 431| 42 {21 20 'zhf
1§ 2 ¢l gof| 13 366 12l 43 121 Eovgl
16 It ot R 6 41}| 44 |zz 20 59
17 27 14 34|| 15 37 9|| 45 |22 51 238
18 g 26 of] 16 7-5381 '4b- 125 21 g6
19 21 37 27| 17 38 6|| 47 |23 52 25

3 48 54| 18 8 35|| 48 [24 22 54
16 o zi1|| 19 39 4| 49 |24 53 22
28 TVt gyl zocl1ony giTgzil |sov)zs 23084

WO OMD 00 001 ChOven Y i b U3 U M e e O
L5
L=

e
o
I
1
2
2
2z
3
3
4
4
4
5
14 g 20 40 14|| 12
6
6
7
7
8
8
8
9
9

123 10° 23 If|{ 2r jlou qo0 . Il| §1-]125. &§4 19
24 22 33 41]] 22 |11 10 30|| 52 26 24 48
Bslio 4 4 71l 23-(L&—40 5811 53 426 ¢ 17

26]10 16 g7 34| 24 |12 11 27|| 54 |27 2¢ 4%
z7]10 29 g 1j| 25 |12 41 s5if 55 27 56 14
28l1iy 1x 20 27|} 26- |13 32 24| 56 |28 26 43
29{11 23 31 54if 27 (13 42 53|} 57 (28 g7 @1
gof @y ‘& 43 ioBHTE8s | 1450138 z21)) 58 |29 29 4o
31} © 17 54 47(| 29 |14 43 5ol| 59 |29 58 3
gzt £ @ 6 acklrgosiigs s14sc18)l 6o e 28 37

1 Lunation — 39‘[ 12h 44m 38 Gth g dv 14" 24" ovii, !

In leap-years, after February, a day and its motion muft be
|{added to the time for which the moon’s mean diftance from the
§/{{un is given. But, when the mean time of any new or full moon

« Wllis required in leap-year after February, a day muft be fubtradted
| W||from the mean time thereof, as found by the tables. In common
||years they give the day right.
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A Table of the fun's mean motion from

Years | Years bef. Com-
of theland after] Sun from node. pleat Sun from node.
world: L-Camasrc e g - it thaemesl s o 4t
o 4008l 7 6 17 g V7 2. -3 .5h
8] = 4000l 0 11 4 3§35 12} 7 22° i 139
1008} & 3000| 9 10 35 11 13t B e da2
2008 & 2000/ 6 10 1§ 28 14l 9 o =2z 24
3008/ 5 1000[ 3 9 35 44 15/ 9 Ig 27 49
3108] 10 gooliviing: g3l A6 IGlId g 35- 131
3208 © B8oojlo g 29 48 17{1c 28 40 &5
3308| § 700f 4 24 26 49 1831 17 46 18
34081 »~ 600l 9 9 23 g1 19| 6 6: 51 43
3508 & go0f 1 24 20 3 20| 0 26 5o ‘24
3608/ » 400l 6 9 17 54 ga] 1 231 c8 49
3708 @ 3cojlo 24 14 36 6o| 2 20 8 13
3808) 8 200/ 3 9 1I' 58 80]'3:17 52 i33
39081 100f 7 24 8 ;9 Tool . L4: 59 12
4008 ppaaioge” @y 2c0| 8 29 54 3
4108 1011 4 24 % 3 Jool B L4t g0 LG
4208 % 201l 9. 9 © 4 ool ¢t 2g: 48 les
4308| 2 ‘goal 1 ‘23 g2 6| ‘soojiet 14 45 198
44c8| 7 401/ 6 3 g4 B 1000/ 8 29 30 17
45081 @[S0k 103 2 1igx’ olf Jo00f 5. 29 . o g3
§oo8| = 1oolf 9 8 36 18|l j000| 2 28 30 ;30
§5708| & 1701] 4 23 15 30|| 400011 28 1 6
5760 Mliaysal tv Bl ouign e
5808 18o1| 8 25 44 44 s Sun from gade. |
L . F ¥
= . |Compleat| Sun from node. :
e8| gt [inbioin, ajidane e o e te
x Feb. o £+ a:11: 948
O5| g8 1o 19 § 23||Mar. |2 1 16 39
Seol S8 2|1 8 10 47)|Aprl |3 3 28 27
e ='sn, “31 ¥ oseyiiabsaolMur il 4 g8 571
S 25 4]z 17 23 s3f|June |5 6 49 45
w3 S8 sl 6 29 abluly. ) 6. 7. 59.0]
S5 28 6|3 25 34 4oflAug. | 7 o 11 1
g2 L: S (& e 3!|Sept. | 8 12 22 49
~u| 25 815 4 47 46//0& 19 13 32 18
ol =8 9|5 23 53 ofiNev. lio 15" gyt e
S5 <g 10/6 12 38 33 Dec. 111 'i6 53" 34
‘d-ﬂ
2= IThis table agrees with the o/d fyle, until the year 1753 ;
o B and after that, with the zew.




the moon's afcending node.

Sun from node.

Sun from node.

!
i
1

if
i
Fify

rrr

¥

M' r re
S_ i T L
Th' s repr
3t 1 20
32 | 1 23
1 138 g S 2
34 | t ;28
35 | 1 .33
36 |11 i3
37 |-1 36
38 | 1 38
30 | 1 41
i Rl
41 | 1 46
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