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THE

PRETFACE

EV ER fince the days of the Lorp CHAN»
" CELLOR BAcoN, wnatural philofophy
hath been more and more cultivated in Engs
land.  'THAT great genius firf} fet out with:
taking a general furvey of all the natural
Jeiences, dividing them into diftinél branchesy
wwhich he enumerated with great exallnefs,
He. inquired ferupuloufly imto the degree of
Fnowledge already attained to in each, and
drew up a lifp of what flill remained to be
difcovered : this was the foope of bis firft un-
dertaking.  Afterward be carried his views
much. farther, and fhewed the neceffity of an
experimental philofophy, a thing never befare
thought of. As be was a profeffed enemy to
[yfems, be confidered philofophy no otherwife
than as that part of knowledge which con-
tributes to make men better and happier: be
Jeems to Limit it to the knowledge of things
ufeful, rccommending above all the fludy of
nature, and fbewing that ne progrefs can be
made thercin, but by collelling [falls, and
A 4 come



PREFACE.

comparing experiments, of whith he points
our a great number proper to be rade,

* But notwit/Sﬂam?z'ng the true fat/) to feience
was thus exaftly marked out, the old notions
of the fehools fo firongly poffeffed people’s minds
at that time, as not to be eradicated by any
new opinions, bow rationally foever advanved,
until the illuflrious My. BoyvLe, the fir)?
‘who purfied LorD BACON’s plan, began
o put experiments in practice with an gffi-
duity equal to his great talents. Next, the
‘Rovavr Sociery being cffablifbed, the true
‘ pbi/q/bpizy began to be the rez'gniﬂg tcyic qf the
age, and continues fo to this day.

The immortal SIR IsAAc NEwWTON 7.
Sfifled, even in bis early years, that it was bigh
time to banifb vague congeliures and bypothefis
Srom natural phikfophy, and to bring that
Science under an entire fubjection to experi-
ments and geometry. He frequently called it
the experimental philofophy, /o as to ex-
prefs fignificantly the difference betwwcen it and
the numberlefs [yftems which bad arifen merely
‘cut' of the conceits of mmventive brains: the
one fubfifting no longer than the [pirit of no-

velty:



PREFACE,

velty lafis 5 the other never failing while the
nature of things remain unchanged.

The method of teaching and laying the
Joundation of phyfics, by public courfes of ex-
periments,' ‘wax' frft undertaken in this king~
dom, I belreve, by Dr. Joun KeiLL, and
Since improved and enlarged by Mr¢ Hauks=
BEE, Dr. Drsacguriers, Mr. WHISTON,
Mr, Cores, Mr. WHITESIDE, Dr. BrAD-
LEY, our late Regius and Savilian Proféffor
of Afirononiy, and Dr. Briss bis fucceffor,
WNor has tbefagne been ne;lecled by Dr. JAMES,
and Dr. Davip GrEGoRry, S/ ROBERT
STEwWART, and after him Mr. MACLAURIN,
Dr. Hevsnam iz Ireland, Meffeurs
GRAVESANDE and MUSCHENBROEK, and
the Abbd NovvLeT m France, have alfo ac~

quired juft applaufe thereby.

The fubfiance of my awn attempt in 1bis
way of inflrumental inflruction, the following
Sheets (exclufive of the aflronomical part) will
Shew : the fatisfaction they bave generally
given, read as leClures to different audiences,
affords me fome hope that they may be fa-
vourably recerved in the fame Jorm by the
fzcé(;b,

{ oughi



PREFACE;

T ought to obferve, that though the laft frve
lectures cannot be properly faid to concern ex«
perimental philofophy, I confidered, however,
that they were not of fo different a clafs, but
that they might, without much impropriety,
be fubjoined to the precedz'ng ones,

My apparatus (part of which is defcribed
here, ‘and the reff in a * jformer fwé‘rk) s
rather [fimple than magnificent, wbhich is
vwing to a particular point I had in view
at firft ﬁttz'hg out, namely, to avoid all fu-
perfluity, and to render every thing as plain
and intelligible as I thought the fubject would
admit of.

® Aftronomy explained upon Sir Isaac NEwTon’s
principles, and made gafy to thofe who have not ftudied
mathematics.

THE
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LECTURES

SELECT SUBJECTS,

LECT. I
Of Matter and its Properties.

AS the defign of the firft part of this courfa
is to explain and demonftrate thofe laws
by which the material univerfe is governcd, re-
gulated, -and continued ; and by which the va-
xious appearances in nature are accounted for;
it-is requifite to begin with explaining the pro-
perties of matter. ,

By the word matter is here meant every thing Matter,
that has length, breadth, and thicknefs, and re- what.
{ifts the touch. ,

_ The inherent properties of matter are folidity, Its pro-
anadtivity, mobility, and divifibility. ‘ pertics.

The folidity of matter arifes from its having Solidity,
length, breadth, thicknefs; and hence it is that
all bodies are comprehended under fome fhape
ot other, and that each particular body hinders
all others from occupying the fame part-of {pace
which it poflefles. Thus, if a piece of wood
‘or metal be fqueezed ever fo hard between two
Plates, they cannot be - brought -into contad.

-And even water or air has .this property; for if
-& {mall quantity of it be fixed between any other
3 bodies,



2 Of the Properties 'q/_' Matter.

bodies, they cannot be brought to touch one
/ another. . C
Inaflivity. A fecond property of matter is inaffivity, or
paffivenefs ;5 by which it always endeavours to
continue in the ftate that it is in, whether of reft
or motion. And therefore, if one body contains
twice or thrice as much matter as another body
does; it will have twicé or thrice as much inac-
tivity ; that is, it will require twice or thrice as
much force to give it an equal degree of motion,
or to flop it after it hath been put into fuch a
motion. ,
~ That matter can néver put itfelf into motion is
allowed by all men. For they fee that a flone,
lying on the plane furface of the earth, never
removes itfelf from that place, nor does any one
imdgipe it ever can. But moft people are apt
to believe that all matter has a propenfity to
fall from a ftate of motion into a ftate of reft;
becaufe they fee that if a flone or a cannon-ball
be putinto ever fo violent a motion, it foon ftops;
not confidering that this floppage 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 upoh a bowl-
ing-green; becaufe the roughnefs and uneven-~
nefs of the graffy furface foon creates friction
enough to ftop it. But if the green were per-
fectly level, and covered with polifhed glafs, and
the bowl were perfeétly hard, round, and fimooth,
it would go a great way farther; 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 withogt
6 ‘any



Of the Prcpertz"e:‘ of Matér. . -3

any diminution of the velocity it had at fetting
out: and therefore, if the green were extended
quite around the earth, the bowl would go on,
round and round the earth, for ever.

If the bowl were carried feveral miles above
the earth, and there projeted in a horizontal
direction, with fuch a velocity as would make
it move more than a femidiameter of the carth,
in the time it would take to fall to the earth by
gravity ; in that cafe, and if there were no re-
fifting medium in the way, the bowl would not
fall to the earth at all; but would continue to
circulate round it, keeping always in the fame
tra¢t, and returning to the fame point from
which it was projected, with the fame velocity as
at firft. In this manner the moon goes round
the earth, although fhe be as unaétive and dead
as any ftone upon it.

‘I'he third property of matter is mobility ; for Mobility,
we find that all matter is capable of being moved,
if a fufficient degree of force be applied to over-
come its inactivity or refitance.

The fourth property of matter ‘is divifibility, Divifibia
of which there can be no end. For, fince mat- lity.
ter can never be annihilated by cutting or break-
ing, we can never imagine it to be cut ibto fuch
fmall particles, but that if one of them be laid
on a table, the uppermoft fide of it will be fur-
ther from the table than the undermoft fide.
Morcover, it would -be abfurd to fay that the
greate(t mountain on earth has more halves,
quartets, or tenth parts, than the fmalleft particle
of matter has,

We have many furprifing inftances of" the
fmallnefs to which matter can be divided by
art: of which the two following are very re-
warkable, :

| B 1. 1€



Of the Properties of Matter,

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

2. The gold beaters can extend a grain of gold
into a leaf containing 50 fquatre inches; and this
leaf may be divided into soocoo vifible parts,
For an inch in length can be divided into 100
parts, every one of which will be vifible to the
bare eye: confequently a fquare -inch can be
divided into 10000 parts, and go fquare inches
into s00000. And if one of thefe parts be
viewed with a microfcope that magnifies the
diameter of an objet only ten times, it will
magnify the area 100 times; and then the 1ooth
part of a soocooth part of a grain (that is, the
so millionth part) will be vifible, Such leaves
are commonly ufed in gilding ; and they are fo
very thin, that if 124500 of them were laid upon
one another, and prefled together% they would
not exceed -one inch in thicknefs.

Yet all this is nothing in comparifon of the
lengths thag nature goes in the divifion of mat-
ter. For Mr. Leewenboek tells us, that there are
more animals in the milt of a fingle cod-fifh,
than there are men upon the whole earth: and
that, by comparing thefe aniials in a micro-
fecope with grains of common fand, it appcared
that one fingle grain is bigger than four millions
of them. Now each animal muft have heart,
arteries, veins, mufcles, and nerves, otherwife
they could ncither live nor move. How incon-
_ceivably fmall then muft the particles of their
blood be, to circulate-shrough the fmalleft rami-

3 fications
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Of the Propertves of. Malter. 5

fications and joinings of their arteries and weins?
It has been found by calculation, that a partivle
of their blood muft be as much fmaller than a
globe of the tenth part of an inch in diameter, as
that globe is finaller than the whole earth ; and
yet, if thefe particles be compared with the par-
ticles 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
firiking againft an obftacle is direétly in pro-
portion to its quantity of matter .mul'(t:itplicd into
ats velocity ; and fince the velocity .of the par-
ticles of light is demonftrared to be at leafta
million times greater than the velocity of a cane
non-ball, it is ‘plain, that if a million of thefe_
particles were as big as a fingle grain of fand,
we durft no wnore open our eyes to the light,
than we .durft expofe them to fand fhot point-
blank from a cannon.

T hat matter is infinitely divifible in a mathe- Plate I
matical fenfe, s eafy to be demonftrated. For, Fig. 1.
Jet 4B be the length of a particle to be divided;
and let it be touched at eppofite ends by the
purallel lines CD and £F, which, fuppofe to be
infinitely extended beyond D and F. Set oft The infi-.
the equal divifions BG, GH, HI, &c. on the hitc divi
line £ F, townrd the right hand from B; and pues
take a point, as at R, any where toward the left proved.
hand from 4, in the line CD : "Then, from this
point, draw the right lines RG, RH, R/, &c.
each of which will cut off a part from the par-
ticle #/B. But after any finite’ number ‘of fuch
lines are drawn, there will ftill remain a part, as
P, at the top of the particle, which caiy nevd
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 EF that will
o B2 coincide
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Of the Properties of Matter.

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

A fifth property of mattet is attrafiion, which
feems rather to be infufed than inherent, Of
this there are four kinds, viz. cobefion, gravita-
tion, magnetifm, and elefiricity.

The attrattion of cobefion is that by which the
{mall parts of matter are made to ftick and co-
here together. Of this we have feveral 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 attraction
of aring of particles of the glafs all round in

the tube, immediately above thofe to which the
water at any inftant rifes. And when it bas rifen
fo high, that the weight of the column balances
the attra@ion of ‘the tube, it rifes no higher.
T'his can be no ways owing to the preflurewof the
air upon the water in the bafon; for, as the tube
is open at top, it is full of air above the water,
which will prefs as much upon the water in the
tube as the neighbouring air does upon any
column of an equal diameter in the bafon, Be-

~ fides, if the fame experiment be made in an ex-

haufted recelver of the air pump, there will be
found no difference. S

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

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 ateraét

each
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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 preffure
of the air, for the fame,thing will hold in an ex-
haufted receiver. '

5. If two polifhed 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 lodgement of any air; they will” cohere fo
firongly, ‘even if fufpended in an exhaufted re-
ceiver, that'the weight of the lower plate will
not be able to feparate it from the upper one. In
putting thefe plates together, the one fhould be
rubbed upon the other, as a joiner does two
pieces of wood when he glues them.

6. 1f two pieces of cork, equal in welght, be
put near each other in a bafon of water, they will
‘move equally faft toward each other with an ac-
célerated .motion, until they meet: and then, if
either of them be moved, it will draw the other
after it, If two corks of unequal weights be
placed near 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 attraétion of each cork is in direét propor-
tion to its weight or quantity of matter,

This kind'of attration reaches but to a very
fmall diftance; for, if two drops of quickfilver
be rolled in duft, they will not run together, be-.
caufe the particles of duft keep them out of the
Aphere of each other’s attraétion. .. =~

Where the {phere of attraction ends, a repu/- Repul-
Jive force bégins ; thus, water repels moft bodies fion
till they are wet; and hence it is, thit a fmall

B3 needle,
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needle, if dry, fwims upon water; and flies walk
upon it without wetting their feet. ‘

The repelling force of the particles of a fluid
is bt fmall ; and therefore, if a Ruid be divided,
it eafily unites again. But if a glafs, or any other
hard fubftance, be broke .inte: fmall parts, they
cannot be made to ftick together again without
being firft wetted : the repulfion being too great
to admit of a re-unjon. :

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 be dipt in oil, and then put into
water, the water will recede fo as to. form g
channel of fome depth all around the ball.

The repulfive force of the particles of air is fo
great, that they can never be grou ht fo near to-
gether by cendenfation-as to rnake 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 it-
felf fo as to occupy (in comparifon) an infinitely
greater portion of fpace than it did before,
Altrafiion of gravitation is that power by
which diftant bodies tend toward gpe anotlier,
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 fusface; and confe-s
quently, on oppofite fides, they fall in oppofite

direftions ; all roward the center, where the

foree of gravity is as it were accumulated : and
by this power it is, that bodics. on the earth’s
furface are kept to it on all fides, fo that they
cannet fall fromhit, And ags it a&s upon all bo-
dies in proportion to. their refpective quantities
of matter, without any regard to their bulks or

' figures,
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figures, it accordingly conftitutes their weight,
Henge, ~ ‘

If two bodies which contain equal quantities.
of matter, were placed at ever fo great a diftance.
from one another, and then left at liberty in free
fpace; if there were no other bodies in the uni-
verfe to affe&t them, they would fall equally fwift
toward one another by the power of graviry,
with velocities accelerated as they approached
each other ; and would meet in a point which
was half-way between them at firft.  Or, if two.
bodies, containing unequal quantities of matter,
were placed at any diftance, and left in the fame
manner at liberty, they would fall toward ore
another with velocities which would be in an

_inverfe proportion to their refpetive quantities
of matter; and moving fafter and fatter 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, S :

All.bodies that we, know of have gravity or
weight, For, that there is no fuch thing as po-
ficive levity, even in fmoke, vapours, and fumes,
is demonftrable by experiments on the air-
pump; which fhews, that although the {moke
of a candle afcends to the top of a tall receiver
when full of air, yer, upon the air’s being ex-
haufted out of the receiver, the fmoke falls down
to the bottom 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 bé emptied of water, the wood falls to the

bottom.
B 4 As
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Gravity  + A8 overy plrticle of matter has its propen
demon;  gravity, the effect of the whole muft be in pro-
firated to portion to the number of the attracting particles;

beas the h,e is, as the quantity of matrer in the whole.
quantity body. This is der ftrabl b‘ . o

of matter 20dy.. This is demonfirable by experiments on

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

" whatever their weights be, they vibrate in equal

times, Now it is plain, that if one be doubi¢ or

triple the weight of another, it muft require a

double or triple pawer of gravity to make it

move with the fame celerity: juft as it would

require a double or triple force to pioject a bul-

let of twenty or thirty pounds weight, with the

fame degree of fwifinefs that a bullet of ten

pounds would require. IHence it is - evidenty

that the power or force of gravity is always pro-

portional to the ﬂfam’xty of . matter in - bodies,

whatever their bulks or figures are. ,

Ttde- . Gravity alfo, like all other virtues or emana-
creafes as tions which proceed or iffue from 3 center, de-
g}cé’q:”" creafes as the diftance mult'iBlied by ‘isfelf -in-
diftance  Creafes s that:is, a bedy at twice the diftance of
increafes, another, attralts with only a fourth part of the
"~ force; atthrice the diftance, with a ninth part;
at four times the diffance, with a fixteenth part;

and fo-on. - This too is copfirmed by comparing

the diftance which the moon falls in a minute,
from a right line touching her orbit, with the
diftance through which heavy bodies near the

earth fall in that time.. And alfp by comparing

the forces wlhich rgtain Jupiter’s moons in their

orbits, with theirfefpettive diftances from Jupi-

ter. Thefe forces will be explained in: the next

lecture. R et :

" The velacity which bodies near the earth ac-

quire in defcending freely by the force of gravity,

is proportional to the times of their dechcncg

‘ ory
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Yor, as the power of gravity does’not confift in
a fingle impulfe, buc is always -operating in g
‘conftant and uniform manner, it muft produce,
equal effefts in equal times; and confequently:
in a double or triple time, a double or triple ef--
fe&. .And fo, by alting uniformly on the body,
muft accelerate its motion proportionably to the
time of its defcent. o ,

~Tio be a little more particular on this fubjeét,
let us fuppofe that a body begins to move with
a celerity .conftantly and gradually increafing, in
fuch a manner, as would carfy it through a mile
in a minute ; at the end of this fpace it will have
acquired 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; and then it will have
acquired. fuch a degree of celerity, as is fufficient
to carry it through a-double fpace in as much
more time, or eight miles in two minutes, even
though the accelerating force fhould aét upon it
no more, But this force ftill continuing to ope-
rate in an uniform manner, will again, in. an
equal time,. produce an equal effect; and fo, by
carrying 1t a mile further, caufe it to move
through five miles the third minute; for; the
celerity already acquired, and the celerity ftill
acquiring, will have each its complete effect.
Hence we learn, that if the body: {hould move
ene.mile the firt minute, it would move three
miles the fecond, five the third, feven the fourth,
pine the fifth, and {o on in proportion,

And
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And thus it appears, that the fpaces deferibed
in fucceffive equal parts of time, by an uniformly

‘accelerated motion, are always as the odd num-

bers 1, 3, 5, 7, 9, &c. and confequently, the
whole {paces are as the fquares of the times, or of
the laft acquired velocities. For, the continued

?the odd numbers yields the fquares
of all numbers from unity upward. Thus, ¥ is
the firft odd number, and the fquare of 1 1is 13
3 is the fecond odd number, an?i this added to
1 makes 4, the fquare of 2; ¢ is the third odd
number, which added to 4 makes 9, the fquare
of 3; and fo on for ever. Since, therefore, the
times and- velocities proceed evenly and con-
ftantly as 1, 2, 3, 4, &c. but the fpaces defcribed
in each-equal times are as 1, 3, 5, 7, &c. it is
evident that the fpace defcribed

In £ minute will be ~ - - 1=fquare of 1
In 2 minutes - - 14-3= 4=fquareof 2
In 3 minutes - 14-3435= g=fquare of 3
In 4 minutes 1 4 34§ 47 = 16 Zfquare of 4, &c.

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

As heavy bodies are uniformly accelerated by
the power of gravity in their defcent, it is plain

that they muft be uniformly retarded by the

fame power in their afcent. Therefore, the ve-
locity which a body acquires by falling, is fuf-
ficient to carry it up again to the fame height
from whence it fell: allowance being made for
the refiftance of the air, or other medium in
which the body is moved. Thus, the body D

- in rolling down the inclined plane 4B will

acquire fuch a velocity by the time it 'ﬂ'rivgs at
as
A
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B, as will carry it up the inclined plane BC, al-
moft to C; and would carry it quite up to C, if
the body and plane were perfectly fmooth, and
the air gave no refitance.~So, if a pendulum
were put into motion, in a fpace quite free 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 part of the arc, would
be ftill {ufficient to carry it equally high in the
afcending part thereof. :

13

The ¢enter of gravity is that point of a body The cen-
in which the whole force of its gravity or weigh for of gr-
is united, Therefore, whatever fupparts that''>®

point, bears the weight of the whole body: and
while it is fupported, the body cannot fall; be-
caufe all its parts are in a perfect equilibrium
about that point,

An imaginary line drawn from the center of
gravity of any body toward the center of the

carth, is called the /ine of- direttion. 1In this line and line

all heavy bodies 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, op
;ot 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 direftion falls within the
bafe; for in thid cafe the body cannot be made
to fall, without firft raifing the center of gravity

of d
tion,

‘higher than it was before.  Thus, the inclining -

body 4B CD, whofe center of gravity is E, Yig. 3.

ftands firmly op its baf CDIK, becaufe the line

of

1rece
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of direftion EF falls within the bafe. 'Butif a
weight, as 4BGH, be laid upon the top of the
body, the center of gravity of the whole body
and weight together is raifed up to I; and then,

‘as the line of dire@tion ID falls without the

bafe at D, the center of gravity I is not fup-.
ported ; and the whole body and weight tumble
down together. : :

Hence appears the abfurdity of people’s rifing
haftily in a coach or boat when it is likely to
overfet: for, by that means they raife the cen-
ter of gravity {o far as to endanger throwing it
quite out of the bafe; and if they do, they
overfet the vehicle effeCtually.  Whereas, had
they clapt down to the bottom, they would
have brought the line of dire@ion, and confe-
guently the center of gravity, farther within the
bafe, and by that means might have faved them-
felves. - ’

The broader the bafe is, and the nearer the
line of direftion is to the middle or center of i,
the more firmly does the body ftand, On the
contrary, the narrower the bafe, -and the nearer
the line of direétion 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 dire@ion out of the, bafe in the latter cafe
than in the former. And hence it is, that a
fphere is fo eafily rolled upon a horizontal plane;
and that icds fo difficult, if not impoflible, to
make things ‘which are fharp-pointed to ftand
upright on the point.—Erom what hath been
faid, it plainly appears, that if ‘the plane be in-
clined. on which the heavy body is placed, the
body will flide down upon the plane while the
line of dire€tion falls within the bafe ; but it will
tumble or roll down when that line falls witholur

‘ the
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the bafe. Thus, the body A will only fllide Fig. 4.
down the inciined plane €D, while the beody B
rolls down upon it. o

When the line of direction falls within the
bafe of our feet, we ftand ; and moft irmly when
it is in the middle: but when it is out of that.
bafe, we immediately fall. And it is not only
pleafing, but even furprifing, to reflect upon the
various and unthought-of methods and poftures
which we -ufe to retain this pofition, or to reco-
ver 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 {ide as he care
ries it on the oppofite fide. A thoufand more
inftances might be added.

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

All bodies are full of pores, or fpaces void of All bo-
matter: and in gold, which is the heavicelt ot fgzi po-
all known bodies, there is perhaps a greater
quantity of {pace than of matter, For the parti-
cles of heat and magnetifin find an eafy paflage
through the pores of gold; and even water itfelf
has been forced through them. Befides, if we
confider how eafily the rays of light pafs through
{o folid a body as glafs, 1n all manner of direc-
tions, we fhall find reafon to believe that bodics
are much more porous than is generally ima- -
gined.

All bodies are fome way or other affeGted by The ex-
heat; and all metallic bodies are expanded in panfion of

’ « length, metals,
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length, breadth, and thicknefs thereby.—The
proportion of the expanfion of feveral metals,
according to the beft experiments I have been
able to'make with my pyrometer, is nearly thus:
Tron and fteel, as 3, copper 4 and a half, brafs ¢,
tin 6, lead 7. An iron rod 3 feet long is about
one 7oth part of an inch longer in fummer than
In winter,

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

A4 is a flat piece of mahogany, in which are
fixed four brafs ftuds B, C, D, L ; and two pins,
one at F' and the other at . On the pin F
turns the crooked index E I, and upon the pin
H the ftraight index G K, againft which a piece
of watch-fpring R béars gently, and fo prefles
it toward the beginning of the fcale M N, over
which the point of "that index moves. This
feale is divided into inches and tenth parts of an
inch: the firft inch is marked 1000, the fecond
2¢00, and fo on, A bar of metal O is Jaid into
notches in the top of the ftuds Cand D; one
end of the bar bearing againft the adjulting
fcrew P, and the other end againft the crooked
index E I, at a 2oth part of its length from its
centre of motion F.——Now it is plain, that how-
ever much the bar O lengthens, it will move
that part of the index E I, 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 thé bar bears, it will move 20 times as
far as the bar lengthens, And as this crooked
end bears againft the index GK at pnly a 2oth
part of the whole length G § from its center of

' motion:
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motioff H, the point § will move through 20
times the {pace that the point of bearing near A
does. Hence, as zo multiplied by 20 produces
400, it is evident that if the bar lengrhens but a
4o0th part of an inch, the point § will move a
whaole inch on the fcale; and as every inch is
divided into 10 equal parts, if the bar lengthens
bdt the roth part of the 4coth part of an inch,
which is only the 4oooth 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 hea,
firft lay it cold.into the notches of the ftuds, and
turn the adjufting fcrew P until the {pring R
brings the point § of the index GK to the be-
ginning 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 till
it feels warm ; and then, laying it on where it
was, obferve how far it pufhes the point § upon
the fcale by means of the crooked index £
and the point § will thew exaétly how much the
bar has lengthened by the heat of rubbing. As
the bar cools, the fpring R bearing againft the
index X G, will caufe its point § to move gra-
dually back toward M in the fcale: and when
the bar is quite cold, the index will reft at A4,
where it was before the bar was made warm by
rubbing, The indexes have fmall rollers under
them at I and K; which, by turning round on
the finooth wood as the indexes move, make
their motions the eafier, by taking off a great

part of the friction, which would otherwile be -

on the pins ¥ and H, and of .the points of the
indexes themfelves on the wood.

17

Befide the univerfal properties above men- Magnet-

tioned, there are bodics which have properties 3™

peculiar
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peculiar to themfelves: fuch as the loadftone, in

which the moft remarkable are thefe: 1. It at-

tralts iron-and fteel only. 2. It conftantly turns

one of its fides to the north and another to the

fouth, when fufpended by a thread that does not

twift. 3. It communicates all its properties to

a piece of fteel when rubbed upon it, without

lofing any itfelf. , 7

- According to Dr. Helfbam’s experiments, the
attraction of the loadftone decreafes as the {quare

of the diftance increafes. Thus, if a loadftone
be fufpended at one end of a balance, and coun-
terpoifed by weights at the other end, and a.
flat piece of iron be placed beneath it, at the

diftance of four tenths of an inch, the ftone will

immediately defcend and adhere to the iron,

But if the ftone be again removed to the fame

diftance, and as many grains be put into the

fcale at'the other end as will exaltly counterba-
lance rhe 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 artractive force, or to hinder the ftone. from

defcending and adhering to the iron.  Soyif four

grains will do in the former cafe, there muft be

fixteen in the Jatter. But from fome later ex-

periments, made” with the greateft accuracy, it .
1s found rhat the force of magnetifm decreafes -
in aratio between the reciprocal of the fquare
and the reciprocal of the cube of the diftance;
approaching to the one or the other, as tlie mag-

aitudes of the attracting bodies are varied.

Several bodies, particularly amber, glafs, jet,

fealing-wax, ~agate, and almoft all precious

ftones, have a peculiar property of attracting
and
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and repelling light bodies when heated by rub.
bing. This is called elefrical attraftion, in
which the chief things to be obferved are, 1. If
a glafs tpbe about an inch and a half diameter,
and two or three feet long, be heated by rub-
bing, it will alternately attrat and repel all light
bodies when held near them. 2. It does not
attraét by being heated without rubbing.
3. Any light body, being once repelled by the.
tube, will never be attratted 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 eletricity. 5. Any
body, except air, being interpofed, ftops the
electricity. 6. The tube attraéts ftronger when
rubbed over with bees-wax, and then with a dry
woollen-cloth, 7. When it is well rubbed, if
.a finger be brought near it, at about the diftance
of half an inch, the efluvia will {hap againft the
finger, and make a little crackling noife; and
if this be performed in a dark place, there will
appéar a liule flath of light. ,

LECT. IL
Of central Forces.

WE have already mentioned it as a necef- Allbodies
fary confequence arifing from the dead- ¢qually

. o s indiffers
nefs or inactivity of martter, that all bodies '\
endeavour to continue in the ftate they are in, motion or
whether of reft or motion, If the body A were reft.
placed in any part of free fpace, and nothing E‘i“‘c‘n'
either drew or impelled it any way, it would for g b
ever remain in that part of fpace, becaufe it
could have no tendency” of itfelf to remove any |
way from thence, If it receives a fingle im-

C pulfe
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pulfe any way, as ,fuchofc from A toward B, it*
will go on in that direftion; for, of itfelf, it
could never fwerve from a right line, nor ftop
its courfe.—~When it has gone through the fpace’
A B, and met with no refiftance, its velocity
will be the fame at B as it was at .£; and this
velocity, in as much more time, will carry it
through as much more fpace, from B to C; and
fo on for ever., 'Therefore, when we fee a body
in motion, we concludé that fome other fub-
ftance muft have given it thdt motion; and
when we fee a body fall from motion to reft, we
conclude that.fome other body or caule ftopt it.
As all motion is naturally reilineal, it ap-
peais, that a bullet projeted by the hand, or
fhot from a cannon, would for ever continué to

“move in the fame direfion it received at firft, if

no other power diverted its courfe. Therefore
when we fee a body move in a curve of any kind
whatever, we conclude it muft be aéted upon by
two powers at leaft; one putting it in motion,
and another drawing it off from the retilineal
courfe it would otherwife have continued to
move in: and whenever that power, which bent
the motion of the body from a ftraight line into
a curve, ceafes to aét, 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 pebble moved
round in a fling ever fo long a time, will fly off
e moment it is fet at liberty, by flipping 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 attraction did not affet the pebble, and
bring it down to the ground. This fhews that
the natural tendency of the pebble, when put
into
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into motion, is to continue moving in a firaight
line, although by the force that moves the fling
it be made to revolve in a circle. - (
~ The change of motion produced is in propor- The ef-
‘tion to the Emrcc imprefled : for the effefts of f“a’b‘?f d
natural caufes are always proportionate to the foree.
force or power of thofe caufes. . "
By thefe laws it is eafy to prove that a body
will defcribe the diagonal of a fquare or pa-
rallelogram, by two forces conjoined, in the
fame time that it would defcribe either of the
fides, by one force fingly. Thus, fuppofe the -
body A to reprefent a {hip at fea; and that it is Fig. 2,
driven by the wind, in the right line 4 B, with
fuch a force as would carry it uniformly from A
to B in a minute: then fuppofe a ftream or cur«
rent of water running in the direftion‘4 D, with
fuch a force as would carry the fhip through an
equal fpace from 4 to D ina minute. By thefe
two forces, alting together ar right angles to
each other, the fhip will defcribe the line JEC
in a minute: which line (becaufe the forces are
equal and perpendicular to each other) will be
the diagonal of an exalt fquare. To confirm
this law by an experiment, let there be a2 wooden
fquare /BCD fo contrived, as to have the part Fig, 3,
B E F ¢ made to draw out or puth 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 H when the piece is pufhed in, and
at b 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 flide eafily on the wire. A thread
m 15 fixed to this ball, and goes over the pulley
to 5 by this thread the ball may be drawn up
on the wire, parallel to the fide 4D, when the
2 par:
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part BEFC is pufthed as far as it will go into
the fquare. But, if this part Be drawn out, it
will carry the ball along with it, parallel to the
bottom of the fquare D €. By this means, the
ball G may cither be drawn perpendicularly yp-

‘ward by pulling the thread m, or moved hori-

zontally along by pulling out the part BEFC;
in equal times, and through equal {paces; each
power .afting equally and feparately vpon it.
But if, when the ball is at G, the upper end of
the thread be tied to the pin J; in the corner 4
of the fixed fquare, and the moveable part
B EFC be drawn out, the ball will then be aéted
upon by both the powers together: for it will
be drawn up by the thread toward the top of
the fquare, and at the fame time be carried with
its wire k toward the right hand B C, moving
all the while in the diagonal line L; and will be
found at g when the {liding part is drawn out as
far as it was before ; which then will have caufed

the thread to draw up the ball to the top of the

infide of the fquare, juft as high as it was before,
when drawn \3: fingly by the thread without
moving the fliding part. o

If the acting forces are equal, but at oblique
angles to cach other, fo will the fides of the
parallelogram be: and the diagonal run through
by the moving body will be longer or fhorter,
according as the obliquity is greater or {maller,
Thus, if two equal forces at conjointly upon the
body 4, one having a tendency to move it
through the {pace 4 B in the fame time that the
other has a tendency to move it through an equal
fpace A D; it will defcribe the diagonal /G C
in the fame time that either of the fingle forces

would have caufed it to defcribe cither of the

fidess If one of the forces be greater than the
; Ol‘hcr,
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other, then one fide of the parallelogram will be
fo much longer than the other. For, if one force
fingly would carry the body through the fpace
A E, in the fame time that the other would have
carried it through the {pace 4D, the joint attion
of both will carry it in the fame time through
the fpace AHF, which is the diagonal of the
oblique parallelogram 4D EF. .

If both forces aét upon the body in fuch a
manner, as to move it uniformly, the diagonal
defcribed will be a ftraight line; but if one of
the forces a&s in fuch a manner as to make the
body move fafter and fafter, then the line de-
fcribed will be a curve. And this is the cafe of
all bodies which are projeéted in retilineal di-
reions, and at the fame time aéted upon by the
power of gravity ; which has a conftant tendency
to accelerate their motions in the direGtion where-
in it aéts, .

23,

From the uniform projetile motion of bodies The laws

in ftraight lines, and the univerfal power of gravity
or attration, arifes the curvilineal motion of all
the heavenly bodies. If the body 4 be projeéted

planetary
motions,

along the ftraight line 4FH in open fpace, lug [

.where it meets with no refiftance, and is not
drawn afide by any power, it will go on far
ever with the fame velocity, and in the fame
dire&tion. But if, at the {fame moment the
projectile force is given it at 4, the body § be-
gins to attract it with a force duly adjufted®,
and perpendicular to its motion at 4, it will then
be drawn from the ftraight line 4 F H, and forced

* To make the projeftile force a jult balance to the
gravitating power, 10 as to keep the Flanct moving in a
circle, it muft give fuch a vcloci?' as the planet would ‘ac-
gplrc by gravity, when it had fallep shrough half the femi-
diameter of ghat circle,

C3 to
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to revolve about § in the circle 47 77; in'the
fame manner, and by the fame law, that a peb-
ble is moved round in a fling. And if, when
the body is in any part of its orbit (as fuppofe
at K) a fmaller body as L, within the fphere of
attration of the body K, be projeéted in the
right line L M, with a force duly adjufted, and
perpcndicular to the line of attraétion LK ; then,
the {mall body .L will revolve about the large
body K in the orbit N'O, and accompany it in
its whole courfe round the yet larger body S.
But then, the body X will no longer move in

the circle AT W ; for that circle will now be

defcribed by the common center of gravity be-
tween K and L. Nay, even the great body §

“will not keep in the center; for it will be the

common center of gravity between all the three

‘bodies §, K, and L, that will remain immove-

able there. So, if we fuppofe § and K conneéted
by a wire P that has no weight, and K and L
conneted 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 eguilibrio as they move round it. Though
indeed, ftri¢tly fpeaking, the common center of
gravity of all the three bodies will not be in the
wire P but when thefe bodies are all in the right
line, Here § may reprefent the fun, K the

earth, and L the moon,

In order to form an idea of the curves de- |
fcribed by two bodies revolving about their com-
mon center of gravity, while they themfelves
with a third body are in motion round the com-
mon center of gravity of all the three; let

Plate 111, vs firft fuppofe £ to be the fun, and e the

carth going round him without any moon ; and
'  their
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their moving forces regulated as above. In
this cafe, while the earth goes round the fun in

the dotted circle RTUW X, &c. the fun will The
g0 round the circle 4 BD, whofe center C is curves de-

the common center of gravity between the fun

fcribed by
bodies re~

and earth: the right line @ ¢ reprefenting the yojying
mutual attration between them, by which they about

are as firmly conneted as if they were fixed at
the two ends of an iron bai ftrong enough to

hold them. So, when the earth is at ¢, the fun gravity.

will be at E; when the earth is at 7, the fun will
be at F; and when the earth is at g, the fun will
be at G, &c.

Now, let us take in the moon'g (at the top of
the figure) and fuppofe the carth to have no pro-
greflive motion about the fun; in which cafe,
while the moon revolves about the earth in her
orbit 4B ¢ W, the earth will revolve in the
circle § 13, whofe center R is the common cen-
ter of gravity of the earth and moon; they be-
ing conneted by the mutual attraQtion between
them in the fame manner as the earth and fun
are. \ ,
But the truth is, that while the moon revolves
about the earth, the earth is in motion about
the fun; and now, the moon will caufe the
cearth to defcribe an irregular curve, and not a
true circle, round the fun; it being the common
center of gravity of the earth and moon that will
then defcribe the fame circle which the earth
would have moved in, if it had not been at-
tended by a moon. For, fuppofing the moon
-to defcribe a quarter of her progreflive orbit
about the earth in the time that the earth moves
from ¢ to f; it is plain, that when the earth
comes to £, the moon will be found at 7; in
which time, their common center of gravity

C 4 will
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will have defcribed the dotted arc R 1 7, the
earth the curve:R 5 f, and the moon the curve
g 14 r. In the time that the’ moon defcribes
another quarter of her orbit, the center of gra~
vity of the earth and moon will defcribe the dot~
ted arc 7' 2 U, the earth the curve f 6 g, the
moon the curve 7 15 5, and fo'on—And thus,
while the moon goes once round the earth in
her progreflive orbit, their common center of
gravity defcribes the regular portion of a circle

R 1 T2U 3 74 W, the earth the irregular curve

R s f6 g7 b 84 and the moon the yet more
irregular curve ¢ 14 7 15 5 16 £ 17 #; and then,
the {ame kind of tracks over again,

The center of gravity of the earth and moon is
6000 miles from the earth’s center toward 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 12,000

‘miles in diameter. Confequently the earth is

12,000 miles nearer the fun at the time of full

‘moon than at the time of new, [See the earth
at f and at b.] ‘ :

To avoid confufion in fo finall a figure, we
have fuppofed the moon to go only twice and a
half round the earth, in the time that the earth

-goes once round the fun: it being impoffible to
‘take in all the revolutions which fhe makes in a

;rear, and to give a true figure of her path, un-
efs we fhould make the femidiameter of the
earth’s orbit at lealt g5 inches; and then, the
proportional femidiameter of the moon’s orbit
would be only a quarter of an inch.—For a true

‘figure of the moon’s path, I refer the reader to

my treatife of aftronomy. S
If the moon made any complete number of
revolutions about the earth, in the time-that the

carth
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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 they 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 23¢ about the earth.

If the planet 4 be attraéled toward the fun, Plate 11,
with fuch-a force as would make it fall from A Fig. 5.
to' B, in the time that the projetile impulfe
would have carried it from 4 to F, it will de-
fcribe the arc AG by the combined ation of thefe A doubls
forces, in the fame time .that the former would projectile.
have caufed it to fall from A4 to B, or the latter !°""° ba-

. N . . ances a
have carried it from 4 to I But, if the projec- quadraple
tile force had been twice as great, that is, fuch as power of
would have carried the planet from A to H, ingravity-
the fame time that now, by the fuppofition, it
carries it only from A4 to F'; the fun’s attrattion
mult then have been four times as ftrong as for-
merly, to have kept the planet in the circle
AT W that is, it muft have been fuch as would
have caufed the planet to fall from 4 to E,
which is four times the diftance of 4 from B, in
the time that the projedtile force fingly would
have carried it from 4 to H, which is only twice
the diftance of 4 from F*. Thus, a double
projectile force will balance a quadruple power
of gravity in the fame circle; as appears plain
by the figure, and fhall foon be confirmed by
An experiment,

" The whirling-table is a machine contrived Plate IV.
for thewing experitments of this nature. A4 A4 is Fig: &
a ftrong frame of wood, B a winch or handle

“‘Herc the arcs 4G, AT, muft be fuppofed to be very
fmall; otherwife 4 E, which is equal to A 7, will be more
than quadruple to 4.8, which is equal to £G,

A fixed
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fixed on the axis C of the wheel D, round which
is the catgut ftring F; which alfo goes round the
fmall wheels G and K, crofling between them
and the great wheel D. On the upper end of
the 4xis of the wheel G, above the frame, is
fixed the round board 4, to which the bearer
M S X may be faftened occafionally, and remov-
ed 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 B is turned, the
wheels and bearers are put into a whirling mo-

_tion.

Each bearer has two wires, #, X, and 2, Z,
fixed and fcrewed tight into them at the ends by
nuts on the outfide. And when thefe nuts are
unfcrewed, the wires may be drawn out in or-
der to change the balls U and 7, which flide
upon the wires by means of brafs loops fixed into
the balls, which keep the balls up from touch-
ing the wood below them. A ftrong filk line
goes through each ball, and is fixed to it at any
Iength 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 goes into the
center of the ball, and preffes the line againft
the under fide of the hole that it goes through,
—The line goes from the ball, and under a fiall
pulley fixt in the middle of the bearer ; then up
through a focket in the round plate (fee §and 7')
in the middle of each bearer; then through a
flit in the middle of the fquare top (O and P)
of each tower, and going over a fmall pulley on
the top, comes down again the fame way, and
is at laft fatened 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 tl;lt_fgt

ide
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flide up and down upon the wires which make
the corners of each tower. The balls and plates
being thus conne&ed, each by its particular line,
it is plain, that if the balls be drawn outward,
or toward the ends M and NV of their refpective
bearers, the round plates § and 7 will be drawn
up to the top of their refpective towers O and P,

There are feveral brafs weights, fome of two
ounces, forne of three, and fome of four, to be
occafionally put within the towers O and P, upon
the round ‘plates § and T': each weight having
a round hole in the middle of it, for going upon
the fockets or axes of the plates, and is flit from
the edge to the hole, for allowing it to be flipt

over the aforefaid line which comes from each -

ball to its refpective plate. (See Fig. 2.)

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

29

1. Take away the bearer M X, and take the Fig. 1.

ivory ball 4, to which the line or filk cord 4 is
faftened at one end; and having made a loop on
the other end of the cord, put the loop over a

Pin fixt in the center of the board 4. Then, The pro-
turning the winch B to give the board a whirling penfity of

motion, you will fee that the ball does not imme-
~diately begin to move with the board, but,

tinue in the ftate of reft which it was in before.—
ontinue turning, until the board communicates
2n equal degree of motion with its own to the
all, ‘and then turning on, you will perceive that
the ball will remain upon one part of the board,
r:zlt’i‘\‘”g the fame velocity with it, and having no
thing fhmogton upon it, as is the cafe with every
at Lies loofe upon the plane furface of the

earth, which, having the motion of the earth
communicated to it, never endeavours to remove

from

matter to
keep the
b : ON fate it is
account of its inaltivity, it endeavours to con- in,
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from that place. But ftop the board fuddenly

by hand, and the ball will go on, and con-

Bodies
movin

in orbits
have a
tendency
to fly out
of thefe
orbits,

tinue to revolve upon the board, until the
frition thereof flops its motion: which fhews,
that matter being once put into motion would
continue to move for ever, if it met with no
refiftance. In like manner, if a perfon ftands
upright in a boat before it begins to move, he
can ftand firm; but the moment the boat fets
off, he is in danger of falling toward that place
which the boat departs from : becaufe, as mat-
ter, he has no natural propenfity to move. ' But
when he acquijres 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 plain fhore; and if the boat ftrikes againft
any obftacle, he will fall toward that obflacle;
on account of the propenfity he has, as matter,
to keep the motion which the boat has put him
1nto.

2. Take away this ball, and put a longer cord
to it, which may be put down through the hol-
low axis of the bearer MJX, 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
turn the winch; then the ball will go round and
round with the board, and will gradually fly off
farther and farther frcm the center, and raife up
the weight below the machine: which fhews
that all bodies revolving in circles have a ten-
dency to fly off from thefe circles, and muft have
fome power a@ing upon them from the center of
motion, to keep them from flying off.  Stop the
machine, and. the ball will continug to rcyolfvc

8 or
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for fome time upon the board; but as the fric-
tion gradually ftops its motion, the weight acting
upon it will bring it nearer and nearer to the
center in every revolution, until it brings it
quite thither, This fhews, that if the planets
met with any refiftance in going round the fun,
its attraltive power would bring them nearer
and nearer to it in every revolution, until they
fell upon it.

3. Take hold of the cord below the machine Bodies
with one hand, and with the other throw the ball move

upon the round board as it were at right angles
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atter 1n
{mall or-

to the cord, by which means ’x? will go round pits than
!

and round upon the board.

with what velocity 1t moves, pull the cord be- ones

low 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 ; as thofe planets which are
neareft the fun revolve fafter than thofe which
are more remote ; and not only go round fooner,
becaufe they defcribe fmaller circles, but even
move fafler in every part of their refpective
circles, '

4. Take away this ball, and apply the bearer Their

M X, whofe center of motjon is in its middle at¢
aw, directly over the center of the whirling-board
d. Then put two balls (¥ and U) of equal
weights upon their bearing wires, and having
fixed them at equal diftances from their refpective
centers of motion w and  upon their filk cords,
by the fcrew nurs, put equal weights in the
towers O and P.  Laftly, put the catgut flrings
E and I upon the grooves G and  of the {mall
wheels, which being of equal diameters, will give
equal velocities to the bearers above, when the
winch B is turned : and the balls U and # will

fly

cwi,

1en obferving in large

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

5. Take away thefe equal balls, and inftead
of them put a ball of fix ounces into the bearer
MX, at a fixth part of the diftance w 2 from the
center, and put a ball of one ounce into the op-
Poﬁte bearer, at the whole diftance »y, which
1s equal to w z from the center of the bearer;
and fix the balls at thefe diftances on their cords,
by the fcrew nuts at top; and then the ball U,
which is fix times as heavy as the ball 7, will be
atonly a fixth part of the diftance from its cen-
ter of motion ; and confequently will revolve in
a circle of only a fixth part of the circumference
of the circle in which 7 revolves. Now, let any
equal weights be put into the towers, and the
machine be turned by the winch; which (as the
catgut ftring is on equal wheels below) will
caufe the balls to revolve in equal times; but 7
will move fix times as faft as U, becaufe it re-
volves in a circle of {ix times its radius; and
both the weights in the towers will rife at once.
This fhews, that the centrifugal forces of revolv-
ing bodies (or their tendencies to fly off from the
circles they defcribe) are in diret proportion to
their quantities of matter multiplied into their
refpeéive velocities ; or into their diftances from
the centers of their refpective circles.  For, fup-
pofing U, which weighs fix ounces, to be two
inches from its center of motion 7, the weight
multiplied by the diftance is 12 : and fuppofing
7, which weighs only one ounce, to be 12 inches,
diftant from the center of motion x, the weight
1 ounce multiplied by the diftance 12 inches

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

If thefe two balls be fixed at equal diftances
from their refpeftive 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 exaltly at the fame moment. This
fhews that the ball U being fix times as heavy as
the ball 7, has fix times as much centrifugal
force, in defcribing an equal circle with an equal
velocity.

33

6. If bodies of equal weights revolve in equal A double

circles with unequal velocities, their centrifugal Y‘*i‘;’i‘y
forces are as the fquares of the velocities. Tol ™
prove this law by an experiment, let two balls cle, isa

cir-

U and 7 of equal weights be fixed on their cords balance
at equal diftances from their refpetive centersf° 2 qua-

of motion w and x; and then let the catgut

powar of

ﬁring E be put round the wheel K (whofe cir- gravity.

cumference is only one half of the circumference
of the wheel H or G) and over the pulley s to
keep it tight ; and let four times as much weight
be put into the tower P, as in the tower O.
Then turn the winch B, and the ball 7 will re-
volve twice as faft as the ball Uin a circle of the
fame diameter, becaufe they are equidiftant from
the centers of the circles in which they revolve;
and the weight in the towers will both rife at
the fame inftant, which thews thar a double ve-
locity in the fame circle will exaétly balance a
%uad’ruple power of attraltion in the center of
the circle. For the weights in the towers may
be confidered as the attractive forces in the cen-
ters, acting upon the revolving balls; which

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

7. If bodies of equal weights revolve in un-
c?ual circles, in. fuch a manner that the fquares
of the times of their going round are as the
cubes of their diftances from the centers of the
circles they defcribe ; their centrifugal forces are
inverfely as the fquares of their diftances from
thofe centers.  For, the catgut ftring remaining
as in the laft experiment, let the diftance of the
ball 7 from the center ¥ be made equal to two

of the crofs divifions on its bearer; and the dif~

tance of the ball U from the center w be three
and a fixth part; the balls themfelves being of
equal weights, and # making two revolutions
by gurning the winch, in the time that U makes
one: fo that if we fuppofe the ball 7" to revolve
in one fecond, the ball U will revolve in two
feconds, the fquares of which are one and four:

for the fquaré of 1 is only 1, and the fquare of

2 is 4; therefore the fquare of the period or
revolution of the ball 7, is contained four times

,% the fquare of the period of the bal* (. But

e diftance of 7'is 2, the cube of which is 8,
and the diftance of Uls 33, the cube of which
is 32 very nearly, in which 8 is contained four
times; and therefore, the fquares of the periods
of 7 and U are to one another as the cubes of
their diftances from x and w, which are the cen-
ters of their refpeftive circles, And. if the
weight in the tower O be four ounces, equal to
the fquare of 2, the diftance of 7, from the cen-
ter x; and the weight in the tower P be ten
ounces, nearly equal to the fquare of 3%, the dif-
tance of U from v it will be found upon turn-
ing the machine by the winch, that the balls I/
and 7 will raife cheir refpective weights }at

the.
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the fame inftant of time. Which conifirms that
famous obfervation of KeprLer, viz. That the
“{quares of the times in which the planets go round
the fun are in the fame proportion as the cubes
of their diftances from him; and that the fun’s
attradtion is inverfely as the fquare of the diftance
from his center: that is, at twice the diftance,
his attra@ion is four times lefs; at thrice the
diftance, nine times lefs; at four times the dif-
tance, {ixteen times lefs; and fo on, to the re-
moteft part of the fyflem. ‘

8. Take off the catgut ftring E from the
great wheel D and the {mall wheel H, and let
the ftring F remain upon the wheels D and G
Take away alfo the bearer M X from the whirl-
ing-board 4, and inftead thereof put the ma-
chine 4 B upon it, fixing this machine to the

center of the board by the pins ¢ and 4, in fuch Fig: 3.

a manner, that the end ¢ £ may rife above the

35

board to an angle of 30 or 40 degrees. In the The ab-

upper fide of this machine are two glas tubes

furdity of
the Car-

a and 5, clofe ftopt at both ends; and each (fian vor-

tube is about three quarters full of water. Initexes.

the tube 4 is a little quickfilver, which naturally
falls down to the end # in the water, becaufe
it is heavier than its bulk of water; and in the
tube & is a fmall cork which floats on the top
of the water at ¢, becaufe it is lighter; and it
Is fmall enough to have liberty to rife or fall
In the tube. While the board. 4 with this ma-
chine upon it continues at reft, the quickfilver
lies at the bottom of the tube 4, and the cork
Hoats on the water near the top of the tube 2,
ut, upon turning the winch, and putting-the
Mmachine in motion, the contents of each tube will
By off toward the uppermoft ends (which are
fartheft from the center of motion) the heavieft
D with
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with the greatelt force.- Therefore the quick-
filver in the tube 2 will fly off quite to the end
J» and occupy its bulk of {pace there, excluding
the water from that place, becaufe it is lighter
than quickfilver ; but the water in the tube 4
fiying off to its higher end e, will exclude the
cork from that place, and caufe the cork to de-
fcend toward 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
greater centrifugal force, will therefore poffefs
the uppermoft part of the tube; and the lighter
body will keep between the heavier and the
lowermoft part. '

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

If one 9. If a body be fo placed on the whirling-
body  board of the machine (Fig. 1.) that the center of
o gravity of the body be directly over the center
another, Of the board, and the board be put into ever fo
both of rapid a motion by the winch B, the body will
them muft ryrn round with the board, but will not remove
rouna  from the middle of it; for, as all parts of the
their body are in equilibrio round its center of gravity,
common  and the center of gravity is at reft in the center

center of : i
gravity. of motion, the centrifugal force of all partst }c:é’
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the body will' be equal at equal diftances from
its center of motion, and therefore the body will
remain in its place. But if the center of gravity
be placed ever fo little out of the center of mo-
tion, and the machine be turned fwiftly round,
the body will fly off toward that fide of the
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board on which its center of gravity lies. Thus, Fig: 4+

if the wire C with its little ball B be taken away
from the demi-globe 4, and the flat fide ¢ f of
this demi-globe be laid upon the whirling-board
of the machine, fo that their centers may coin-
cide; if then the board be turned ever fo quick
by the winch, the demi-globe will remain where
it was placed. Bur if the wire C be fcrewed into
the demi-globe at 4, the whole becomes onc
body, whofe center of gravity is now at or ncar
d. Let the pin ¢ be fixed in the center of the
whirling-board, and the deep groove 4 cutin the
flat fide of the demi-globe be put upon the pin,
fo as the pin may be in the center of 4 [See Fig,.

§. where this groove is reprefented at 4] and let Fig. ¢

the whirling-board be turned by the winch,
which will carry the little ball B (Fig. 4.) with
its wire €, 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
<, which weighs two pounds, until the end of
the groove at e ftrikes againft the pin ¢, and
fo prevents the demi-globe 4 from going any
farther : otherwife, the centrifugal force of B
Would have been great enough to have carried
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
Témain there; for the centrifugal forces of the
Plancts would carry them quite off, and the fun
D2 with
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with them ; efpecially when feveral of them hap-
pened to be in any one quarter of the heavens.
For the fun and planets are as much connected
by the mutual attraétion that fubfills between
them, as the bodies 4 and B are by the wire C
which is fixed into them Dboth, And even if
there wer¢ but one fingle planct in the whole
heavens to go round ever fo large a fun in the
center of its orbit, its centrifugal force woulq
foon carry off both itfelf and the fun. For, the
greateft body placed in any part of free fpace
might be eafily moved : becaufe if there were no
other body to attra&t it, it could have no weight
or gravity of itfelf; and confequeatly, though it

could have no tendency of itfelf to remove from

that part of fpace, yet it: might be very eafily
moved by any other fubftance. )

10. As the centrifugal force of the light body
B will not allow the heavy body A4 to remain in
the center of motion, even though it be 24 times
as heavy as B; let us now take the ball 4 (Fig.
6.) which weighs 6 ounces, and connet 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 Cin fuch a man-
ner, that they may exactly balance each other;
which will be when the center of gravity between
them, in the wire at 4, is fupported by the fork.
And this center of gravity is as much nearer to
the center of the ball 4, than to the center of the
ball B, as 4 is heavier than B, allowing for the
weight of the wire on cach fide of the fork.
This done, let the machine be put into motion
by the winch; and the balls 4 and B will go
round their common center of gravity d, keep-
ing their balance, becaufe either will not allow

9 : the
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the other to fly off with it. For, fuppofing the
ball B to be only one ounce in weight, and the
ball 4 to be fix ounces ; then, if the wire C were
cc;lually 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 that of the ball 4,
and confequently B will revolve with a velocity
fix times as great as 4 does; which will give B
fix times as much centrifugal force as any fingle
ounce of A4 has: but then, as B is only one
ounce, and A4 f{ix ounces, the whole centrifugal
force of A will exaétly balance the whole centri-
fugal force of B: and therefore, each body will
detain the other fo as to make it keep in its
circle. This 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 among them. For,
the planets 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
ﬁrE with the greatelt 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 atked, that fince the
center of gravity between thefe balls muft be
Jupported by the fork E in this experiment,
what prop it is that fupports the center of gra-
-Vity of the folar fyftem, and confequently bears
the weight of all the bodies in it; and by what
18 the prop itfelf fupported ¢ The anfwer is eafy
and plain; for the center of gravity of our balls
‘Mmuft be fupported, becaufe they gravitate to-
Ward .the earth, and would therefore fall to it:
‘but as the fun and planets gravitate only toward
D 3 one
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one another, they have nothing elfe to fall to;
and therefore have no occafion for any thing to
fupport their common center of gravity : and if
they did not move round that center, and confe-
quently acquire a tendency to fly off from it by
their motions, their mutual attraGions would
foon bring them together; and fo the whole
vould 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 attra&ion. v
But afier all this nice adjuftment, it appears
evident that the Deity cannot withdraw his re~
gulating hand from his works, and leave them
10 be folely governed by the laws which he has
impreft upon them at firft, For if he fhould
once leave them fo, their order would in time
come to an end; becaufe the planets muft ne-
ceflarily 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 attra¢t the fun more
toward that quarter than when they are in a
manner difperfed equably around him, if he was
not at that time made to deferibe a portion of a
larger circle round the common eenter of gravity,
the balance would then be immediately de~
ftroyed; and as it could never reftore itfelf again,
the whole fyftem would begin to fall together,
and would in time unite in a mafs at the {un,——
Of this difturbance we have a very remarkable
inftance in the comet which appeared lately ; and
which, in going luft up before from the fun, went
fo near to Jupiter, and was fo affetted by his
attration, as to have the figure of its orbit much
changcd ; and not only fo, but fp have its period
‘ 8 altered,
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altered, and its courfe to be different in the hea-
vens from what it was laft before.
11. Take away the fork and balls from the Fig. 7.
whirling-board, and place the trough A B there-
on, fixing its center to the center of the whirl-
ing-board by the pin H. In this trough are two
balls D and E, of unequal weights, connetted
by a wire f; and made to flide eafily upon.the
wire C ftretched from end to end of the trough,
and made faft by nut-fcrews on the outfide of the
ends. Let thefe balls be fo placed upon the wire
C, that their common center of gravity g may be
diretly 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 gravity, fo as neither of the balls will fly
off; becaufe, on account of the equilibrium, each
ball derains the other with an equal force atting
againft.it.  But if the ball E be drawn a little
more toward the end of the trough at 4, it will
remove the center of gravity toward that end
from the center of motion; and then, upon
turning the machine, the little ball £ will fly off,
and frike with a confiderable force againft the
end 4, and draw the great ball B into the middle
of the trough. O, if the great ball D be drawn
toward the end B of the trough, fo that the cen-
ter of gravity may be a little toward that end
from the center of motion, and the machine be
turned by the winch, the great ball D will fly off,
and frike violently againft the end B of the
trough, and will bring the little ball E into the
fl‘tmddle of it. If the trough be not made very
fong, the ball D will break through it. ‘
b floT The reafon why the tides rife at the fame OF the
Ute time on oppofite fides of the earth, and tides:
D4 © confes
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Fig. 8.

Fig. 9.

Of the Tides,

confequently in oppofite direétions, is made
abundantly plain by a new experiment on the
whirling-table. Thecaufeof their rifingon the fide
next the moon every one underftands to be owing
to the moon’s attration: but why they fhould
rife on the oppofite fide at the fame time, where
there is no moon to-attract them, is perhaps not
fo generally underftood. For it would feem
that the moon fhould rather draw the waters (as
it were) clofer to that fide, than raife them upon
it, dire@ly contrary to her attractive force. . Let
the circle 4 b ¢ 4 veprefent the earth, with its fide

¢ turned toward the moon, which, will then at-
traét the waters {0, as to raife them from ¢ to g.
But the queftion is, why fhould they rife as high
at that very time on the oppofite fide, from 4 to
¢? In order to explain this, let there be a plate
A B fixed upon one end of the flat bar DC'; with
fuch a circle drawn upon it as a4 ¢4 (in Fig. 8.)
to reprefent the round figure of the earth and
fea; and fuch an ellipfis as ¢ f g b to reprefent the
fwelling of the tide at ¢ and g, occafioned by the
influence of the moon. Over this plate 4 B let
the,three ivory balls ¢, £, g, be hung by the filk
lines 4, i, £, 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 g hang over the
fide of the circle g, which is neareft the moon,
The ball £ may reprefent the center of the earth,.
the ball ¢ fome water on the fide next the moon,
and the ball ¢ fome water on the oppolite fide,
On the back of the moon M is fixt the fhort bar
N parallel to the horizon, and there are three
holes in it above the little weights p, g, 7. ﬂfl\’

ilk
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Tilk thread 2 is tied to the line 4 clofe above the
ball g, and pafling.by one fide of the moon A,
goes through a hole in the bar N, and has the
weight p hung to it. Such another thread z is
tied to the Jine 4, clofe above the ball £, and
pafling through the center of the moon A and
middle of the bar NV, has the weight ¢ hung to
it, which is lighter than the weight p. A third
thread s is tied to the line 4, clofe above the ball
¢, and paffing by the other fide of the moon A,
through the bar &V, has the weight » hung to it,
which is lighter than the weight ¢.

The ufe of thefe three unequal weights is to
reprefent the moon’s unequal attraction at dif-
ferent diftances from her. With whatever force
fhe attraCls the center of the earth, fhe attradts
the fide next her with a greater degree of force,
and thc'ﬁde fartheft from her with a lefs. So,
if the weights are left at libeity, they will draw
all the three balls toward the moon with differ-
ent degrees of force, and caufe them to make the

43

appearance thewn in.Fig. 10; by which means Fig. 1o,

they are evidently farther from each other than
they would be if they hung at liberty by the
lines &, 7, k; becaufe the lines would then hang
perpendicularly.  This fhews, that as the moon
attralts the fide of the earth which is neareft her
with a greater degree of force than the does the
center of the earth, the will draw the water on
that (ide more than the draws the center, and fo
caufe it to rife on that fide : and as fhe draws the
center more¢ than fhe draws the oppofite fide,
the center will recede farther from the furface of
the water on thar oppolite fide, and fo leave it as
h}gh there as the raifed it on the fide next to her.
For, asthe center will be in the middle bctwiin

(]
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the tops of the oppofite elevations, they muft of
courfe be equally high on both fides at the fame
time. "

But upon this fuppolition the earth and moon
would foon come together: and to be fure they
would, if they had not 2 motion round their
common center of gravity, to.create a degree of
centrifugal force fufficient to balance their mu-
tual artraétion. 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 60co miles from it; that is,
from it to the center of the earth. Now as the
earth is (in round numbers) 8oco miles in dia-
meter, it is plain that its fide next the moon is
only 2000 miles from the common center of gra-
vity of the earth and moon; its center 6000
miles diftant therefrom ; and its farther fide from
the moon 10oco. Therefore 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 toward
the moon. And as the moon’s attraction (ex-
preft by the numbers 6000) at the earth’s center
keeps the earth from flying out of this monthly
circle, it muft be greater than the centrifugal
force of the waters on the fide next her; and
confequently, her greater degree of attraction on
that fide is fufficient to raife them; but as her
attration on the oppofite fide is lefs than the
centrifugal force of the water there, the excefs
of this force is fufficient to raife the water juft as

high
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high on the oppofite fide.—To prove this expe- Fig, q.

rimentally, let the bar D C with 1ts furniture be

fixed upon the whirling-board of the machine

(Fig. 1.) by pufthing the pin P into the center

of the board ; which pin is in the center of gra-

vity of the whole bar with its three balls ¢, £, g,

and moon M. Now if the whirling-board and

bar be turned flowly round by the winch, until

the ball / hangs over the center of the circle, as

in Fig. 11. the ball g will be kept toward the

moon by the heavieft weight p» (Fig. 9.) and

the ball ¢, on account of its greater centrifugal

force, and the leffer weight 7, will fly off as far

to the other fide, as in Fig. 11. 'And thus, while

the machine is kept turning, the balls ¢ and g

will hang over the end of the ellipfis / f4 So

that the centrifugal force of the ball ¢ will ex-

«ceed the moon’s attraction juft as much as her

attraétion' exceeds the centrifugal force of the

ball g, while her attration juft balances the cen-

trifugal 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 experi-

ment, to thebeft of my knowledge, is entirely

nhew, n

From the principles thus eftablifhed, it is The

evident that the earth moves round the fun, and carth’s

not the fun round the earth; for the centrifugal g’e‘:;’(f’;

law will never allow a great body to move round fratcd,

2 {mall one in any orbit whatever; efpecially

When we find that if a fmall body moves round

a-great one, the great one muft alfo move round

the common center of gravity between them two.

And it is well known that the quantity of matter

in the fun is 227000 times as great as-the quan-

tity of matter in the earth. Now, as the fun’s
diftance
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diftance from the earth is at leaft 81,000,000 of
‘miles, if we divide that diftance by 227,000, we
fhall have only 354 for the number of miles that
the center of gravity between the fun and earth
is- diftant from the fun’s center. And as the

fun’s femidiameter is  of a degree, which, at*fo

great a diftance as that of the fun, muft be no
lefs than 381500 miles, if this be divided by 357,
the quotient will: be nearly 1069, which fhews
that the common center of gravity between the
fun and earth is within the body of the fun;
and is only the 1069 part of his femidiameter
from his center toward his furface.

- All globular bodies, whofe parts can yield,

and which do not turn on their axes, muft be
.perfeét fpheres, becavfe all parts of their furfaces

are equally attrafted toward their centers, . But

-all fuch globes which do turn on their axes will

be oblate {pheroids; that is, their furfaces will
be higher, or farther from the center, in the
equatorial than in the polar regions. For, as
the equatorial parts move quickeft, they muft
have the greateft centrifugal force; and will
therefore recede fartheft from the axis of mo-
tion, Thus, if two circular hoops 4 B and
CD, made thin and flexible, and croffing one
another at right angles, be turned round their
axis E F by means of the winch m, the wheel 7,
and pinion o, and the axis be loofe in the pole
or intérfection ¢, the middle parts 4, B, C, D,
will fwell out fo as to ftrike agaipfl the fides of
the frame at ¥ and G, if the pole ¢, in finking
to the pin E, be not flopt by it from finking
farther: fo that the whole will appear of an oval
figure, the equatorial- diameter- being confider-
ably longer than the polar. That our earth is
of this figure, is demonftrable from actual mea-

' furement
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furement of fome degrees on its furface, 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 equatorial diameter to
be 36 miles longer than its axis.—Seeing then,
the earth is higher at the equator than atthe
poles, the fea, which like .all. other fluids natus
rally runs downward (or toward the places which
are neareft the earth’s center) would run toward
the polar regions, and leave the equatorial parts
dry, if the centrifugal force of the water, which
carried it to thofe parts, and {o raifed them, did
not detain and keep it from running back again
toward the poles ob the earth. -

LECT. 1L
Of the chaniml Pawm.

Y F we confider bodies in motion, and com- The foun-

A pare them together, we may do this cither dadion of

with refpe to the quantities of matter they & "
contain, or the velocities with which they are
moved. The heavier any body is, the greater
is the power required either to move it or to flop
Its motion : , and again, the {wifter it moves, the
greater is its force, So that the whole momen-
tum or quantity of force of a moving body is the
refule of its quantity of matter multiplied. by the
velocity with which it is moved. And when the
produéts arifing from the multiplication of the
Earticular quantities of matter in any two bodies
¥y their refpective velocities are equal, the mo-
menta or entire forces are fo too. Thus, fup-
pofe a body, which we fhall call 4, to weigh 3o
pounds, and to move at the rate of two milg:s
in
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in a minute ; and another body, which we fhall
call B, to weigh only four 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 there-
fore it woyld require equal powers to ftop them.

For 40 multiplied by 2 gives 80, the force of

How to
rompute
the power
of any
mechani-
cal en-
gine,

the body 4 : and 20 multiplied by 4 gives 8o, -
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 on any
machine, o as to aét contm to cach other; 1f
the machine be put into ion, and the per«

endicular afcent of one body multiplied into
its weight, be equal to the perpendicular defcent
of the other body multiplied into its weight,
thofe bodies, how unequal foever in their weights,
will balance one another in all fitvations: for,
as the whole afcent of one is performed in the
fame time with the whole defcent of the other,
their refpetive 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; for it is
but only finding how much fwifter the power
moves than the weight does (7. e. how much
farthér in the fame time) and juft fo much is the
power increafed by the help of the engine.

In the theory of this fcience, we {uppofe all
planes perfectly even, all bodies perfectly {mooth,
levers to have no weight, cords to be extremely
pliable, machines to have no frittion; and in
thort, all imperfeGtions muft be fer afide until

the
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the theory be eftablifhed ; and then, proper al-
lowances are to be made.

The fimple machines, ufvally called mechanical The me-
Powers, are fix in number, viz. the /ever, the chanic
wheel and axle, the pulley, the inclined plane, the powers,
wedge, and the ferew.—They are called mecha-
hical powers, becaufe they help us mechanically
to raife weights, move heavy bodies, and over-
.come refiftances, which we could not effet with-
out them. : : '

1. A Jever is a bar of iron or wood, one part The levers
of which being fupported by a prop, all the
other parts turn upon that prop as their center
of motion: and the velocity of every part or
point is direly as its diftance from the prop.
Thereforg, when the weight to be raifed 'at one
end ig.to the power applied to the other to raife
it, as the diftance of the power from the prop
is to the diftance of the weight from the prop,
the power and weight will exaétly balance or
counterpoife each other: and as a common lever
has next to no frittion on its prop, a ver
little additional power will be fufficient to raife
the weight, ‘ : .

There are four kinds of levers. 1. The
€ommon 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 1s 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,
g‘;dathéz‘power applied between them. 4. The
thé‘ ﬁed lever, which differs only in form from
firft an 'ffi?"; but not in property. Thofe of the
cal engin :sc?ll]:%:kl}?d are often ufed in mechani-
the third fort & u}csx:e are few inftances in which

A com-
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Of the mechanical Powers.

A common balance is by fome reckoned a jever
of the firft kind ; 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 mechanical powers. '
A Jever of the firft kind is reprefented by the
bar 4 BC, fupported by the prop D. Its prin~
cipal vfe is to loofen large ftopes in the ground,
or raife great weights to fmall heights, in order
to bave ropes put under them for raifing them
bigher by other machines. - The parts 4B and
B, on different fides of the prop D, are called
the arms of the lever: the end A of the fhorter
arm A4 B being applied to the weight intended
to be. raifed, or to the refiftance to be overcome;
and-the power applied to the end C of the longer
arm BC.

In making experiments with this machine, the
fhorter arm A B muft be as much thicker than
the lopger arm B C, as will be fufficient to ba-
lance it on the prop. This fuppofed, let P re-
prefent a power, whofe gravity is equal to 1
ounce, and # a weight, whofe gravity is equal
to 12 ounces. ‘Then, if the power be 12 times
as far from the prop as the weight is, they will
exaltly counterpoife; and a fmall addition to
the power P will caufe it to defcend, and raife
the weight 7775 and the velocity with which the
power defcends will be to the velocity with
which the weight rifes, as 12 to 1: that is
dire@ly as their diftances from the 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, tould fupport a hundred weight, will
by the help of this lever be enabled to fuppizrt‘

twelve:
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twelve hundred. If the weight be lefs, or the
¥owcr greater, the prop may be placed fo much

arther from the weight, and then it can be

raifed to a proportionably greater height.  For,
univerfally, if the intenfity ‘of the weight mul-
tiplied into its diftance from the prop be equal
to the intenfity of the power multiplied into its
ditance from the prop, the power and weight
will exaltly balance each other; and a little ad-
dition to the power will raife the weight, Thus,
in the prefent inftance, the weight # is 12
ounces, and its diftance from the prop is 1 inch;.
and 12 multiplied by 1 is 12; the power Pis
equal to I ounce, and its diftance from the prop
is 12 inches, which multiplied by 1 is 12 again;
and therefore there is an equilibrium between
them. So, if a power equal to 2 ounces be ap-
plied at the diftance of 6 inches from the prop,
1t will juft balance the weight #; for 6 multi-

‘plied by 2 is 12, as before.  And a power equal .

to 3 ounces placed at 4 inches diftance from the
prop would be the fame; for 3 times 4 is 12;.
and fo on, in proportion. ‘

113

The fatera or Roman feelyard is a lever of The ﬁerl;

this kind, and is ufed for finding the weights ofsa7.

“different bodies by one fingle weight placed at
Mifferent diftances from the prop or center of
‘Motion D. For, if a fcale hangs at 4, the ex-
tremity of the fhorter arm 4 B, is of fuch
R weight as will exaély counterpoife the longer
arm B C; if this arm be divided into as many
€qual parts as it will contain, each equal to 4 B,
the fingle weight P (which we may fuppofe to
be rpound) will ferve for weighing any thing
33 heavy as itfelf, or as many times heavier as
there ‘are divifions in the arm BC, or any quan=
Bty between its own virfight and that quanti:‘{.

b s
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As for example, if P be 1 pound, and placed
at the ‘firt divifion 1 in the arm B C, it will
balance 1 pound in the {cale at A4 if it be re-
moved to the fecond divifion at 2, it will ba-
lance 2 pounds in the fcale: if to the third, 3
pounds ; and fo on to the end of the arm B C.
If each of thefe integral divifions be fubdivided
into as many equal parts, as a pound contains-
ounces, and the weight P be placed at any of
thefe fubdivifions, fo as to counterpoife what is
in the fcale, the pounds and odd ounces therein
will by that means be afcertained. :

To this kind of lever may be reduced feve-
ral forts of inftruments, fuch as fciffars, pincers,
fouffers; which are made of two levers aéting
contrary to one another : their prop or center of
motion being the pin which keeps them toge-
ther.

In common pradtice, the longer arm of this
lever greatly exceeds the weight of the fhorter:
which gains great adwantage, becaufe it adds fo
much to the power.

A lever of the fecond kind has the weight
between -the prop and the power. ~ In this, as
well as the former, the advantage gained is as
the diftance of the power from the prop to the
diftance of the weight from the prop: for the
refpeltive velocities of the power and weight are
in that proportion; and they will balance each
other when the intenfity of the power multi-
plied by its diftance from the prop is equal to
the intenfity of the weight muluplied by its dif-
tance from the prop. Thus, if 4B 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 cgrg
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C D going over the fixed pulley Z, the power
will juft fupport the weight: and a fmall addi-
tion 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
‘carrying a burden upon a ftick between them,
bear unequal fhares of the burden in the in-
werfe proportion of their diftances from it. For
it is well known, that the nearer any of them is
to the burden, 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 fhoulders ; 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 ftrength to be fo yoked, as that each
horfe may draw a part proportionate to his
ftrength ; which is done by fo dividing the beam
they pull, that the point of traction may be as
much pearer to the ftronger horfe than to the
weaker, as the ftrength of the former exceeds
that of the latter.

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

53

If in this lever we fuppofe the power and The third
weight to change places, fo that the power ‘may kind of

be between the weight and the prop, it will be-
Come a lever of the third kind: in which, that
there may be a balance between the power and
the weight, the intenfity of the power muft ex-
ceed the intenfity of the weight, juit as much
as the diftance of the welght from the prop ex-

E 2 ceeds

leven
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ceeds the diftances of the power from it. Thus,
let £ be the prop of the lever 4B, and 7 a
weight of 1 pound, placed 3 times as far from
the prop, as the power P alls 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 muicle 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 lower part of the arm turns,
the mufcle muft therefore exert a force ten times
as great as the weight that is raifed.

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

The fourth kind of lever differs nothing from
the firft, but in being bended for the fake of con-
venience, 4 CB is a lever of this fort, bended
at C, which is its prop, or center of motion.
P is a power acting upon the longer arm A4 C at
F, by means of the cord D E going over the
pulley G; and W is a weight or refiftance a&ting
upon the end B of the fhorter arm BC. If the
power is to the weight, as CB is to CF, they
are in equiliprio. ‘Thus, fuppofe # to be 3

» pounds
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pounds alting 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 when ufed in drawing a nail is a lever
of this fort. ‘ |
2. The fecond mechanical power is the wheel The awkee!

and axle, in which the power is applied to the a4 axles
circumference of the wheel, and the weight is
raifed by a rope which coils about the axle as the
~wheel is turned round. Here it is plain that
the velocity of the power muft be to the velocity
of the weight, as the circumference of the wheel
is to the circumference of the axle: and confe-
quently, the power and wcifght will balance each
-other, when the intenfity of the power is to the
‘intenfity of the weight, as the circumference of
the axle is to the circumference of the wheel.
Let 4B be awheel, CD its axle, and fuppofe Fig. 5.
the circumference of the wheel to be 8 times as
‘great as the circumference of the axle; then, a
power P equal to 1 pound hanging by the cord
4, which goes round the wheel, will balance a
weight 77 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
fimall, a (mall addition to the power will caufe
1t to defcend, and raife the weight: but the
“weight will rife wich only an eighth part of the
welocity wherewich the power defcends, apd con-
‘fequently, through no more than an eighth part
of an equal fpace, in the fame time. If the
Wheel be pulled round by the handles §, §, the
Power will be increafed in proportion to their
length, And by this means, any weight may
bﬂ raifed as high as the operator plca’fes,

" E3 ' To
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To this fort of engine bLelong all cranes for
raifing great weights; and in this cafe, the
wheel may have cogs all round it inftead of han-
dles, and a {mall lantern or trundle may be made
to work in the cogs, and be turned by a winch;
which will make the power of the engine to ex-
ceed the power of the man who works it, as
much as the number of revolutions of the winch
exceed thofe of the axle D, when multiplied
by the excefs of the length of the winch above
the length of the femidiameter of the axle,
added to the femidiameter or half thicknefs of
the rope K, by which the weight is drawn up.—
Thus, fuppofe the diameter of the rope and
axle taken together, to be 13 inches, and confe-
quently, half their diameters to be 63 inches; fo
that the weight 777 will hang at 6} inches per-
pendicular diftance from below the center of
the axle. Now, let us fuppofe the wheel 4B,
which is fixt on the axle, to have 8o cogs, and
to be turned by means of a winch 6% inches
long, fixt on the axis of a trundle of 8 ftaves or
rounds, working in the cogs of the wheel.—
Here it. is plain, that the winch and trundle
would make 10 revolutions for one of the wheel
A B, and its axis D, on which the rope K winds
in raifing the weight /#7; and the winch being
no longer than the fum of the femidiameters of
the great axle and rope, the trundle could have
no more power on the wheel, than a man could
have by pulling it round by the edge, becaufe
the winch would have o greater velocity than
the edge of the wheel has, which we’ here fup-
pofe to be ten times as great as the velocity of
the rifing weight: fo that, in this cafe, the
power gained 'would be as 10 to 1. But if the
length of the winch be 13 inches, the power

gained
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pained will be as 20 to 1: if 19% inches (whic'h'

1s long enough for any man to work by) the
power gained would be as 30 to ; thatis, a
man could raife 3o times as much by fuch an
engine, as he could do by his natural ftrength
without it, becaufe the velocity of the handle of
the winch would be 3o times as great as the ve-
locity of the rifing weight; the abfolute force
of any engine being in.proportion of the velocity
of the power to the velocity of the weight raifed
by it.—But then, juft as much power or advan-
tage as is gained by the engine, fo much-time is

“loft in working it. ~ In this fort of machines it is -

requifite to have a ratchet-wheel G on one end
of the axle, with a catch H to fall into its teeth;
which will at any time fupport the weight, and
keep it from defcending, if the perfon who turns
the handle {hould, through inadvertency er care-
lefInefs, quit his hold while the weight is raifing.
And by this means, the danger is prevented which
“might otherwife happen by the running down of
the weight when left at liberty.

37

3. The third mechanical power or engine con- The gl

fifts either of one moveadle pulley, or a fiffem of '+

pulleys ; 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 moves not
-out of its place, may ferve to change the di-
rection of the power, yet it can give no mecha-
nical advantage thereto; but is only as the beam
of a balance, whofe arms are of equal length and

weight.  Thus, if the equal weights # and P Fig. 6.

hang by the cord B B upon the pulley 4, whofe
frame / is fixed to the beam H I, they will coun-
terpoife -each other, juft in the fame manner as
if the cord were cut in the middle, and its two

L4 ends
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ends hung upon the hooks fixt in the pulley at
A and 4, equally diftant from its center, ,
Butif a wcigKt W hangs at the lower end .of
the moveable block p of the pulley D, and the
cord G F goes under that pulley, it is plain that
the half G of the cord bears one half of the
weight 7, and the half F the other; forthey
bear the whole between. them. Therefore,
whatever holds the upper end of either rope,
fuftains one half of the weight: and if the cord
at F be drawn up {o as to raife the pulley D to C,
the cord -will then be extended to its whale
length, all but that part.which goes under the
pulley: and confequently the power that draws
the cord will have moved twice as far as the
pulley D with its weight 77 rifes; on which
account, a power whofe intenfity is equal to one
half of the weight will be able to fupport i,
becaufe if the power moves (by means of a fmall
addition) its velocity will be double the velocity
of the weight; as may be feen by putting the
cord over the fixt pulley €' (which only changes
the dirglion of the power, without giving any
advantage to it) and hanging on the weight P,
which is equal only to one half the weight /#;
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 that

‘through which P defcends.~—~Hence, the advan-

tage gained wil} be always equal to twice the
number of pulleys in the moveable or undermoft
block. So that, when the upper or fixt block
u contains two pulleys, which only turn on their
axis, and the lower or ‘moveable block U/ con-
tains two pulleys, which not only turn upen their
axis, but alfo rife with the block and weight;
e advantage gained by this is as 4 to the

v working
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working power, Thus, if one end of the rope
KMOQ be fixed to a hook at J, and the rope
pafles over the pulleys NV and R, and under the
pulleys L and P, and has a weight 7, of one
pound, hung to its other end at 7, this weight
will balance and fupport a weight # 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 overcome the friction of the
pulleys, the power will defcend with four times

-as much velocity as- the weight rifes, and confe- .

quently through four times as much fpace.

The two pulleys in the fixed block X, and
the two in the moveable block 2, are in the
fame cafe with thbfe laft mentioned ; and thofe
in the lower block give the fame advantage to
the power. . '

As a fyftem of pulleys has no great weight,
and lies in a {mall compafs, it is eafily carried
about; and can be applied, in a great many
cafes, for raifing weights, where other engincs
cannot. But they have a great deal of friction
on three accounts: 1. Becaufe the diamerers of

jraxes bear a very confiderable proportion to
their own diameters; 2. Becaufe in working
they are apt to rub againft one another, or againt
the fides of the block; 3. Becaufe of the ftiffnefs
of the rope that goes over and under them. .

39

4. The fourth mechanical power is the - The i

¢lined plane, and the advantage gained By it isclined

A great as its length exceeds its perpendicular /e
Let 4B be a plane parallel to the hori- Plate VI,

a plane inclined to it; and fuppofe Fig. 1.

heighe,

Zon, and CD

the Whole length D to be three times as great

as the Perpendicular hgight G £ F': in this cafe,
the cylinder E wil] be- fupported upon the plane
CD

3
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CD, and kept from rolling down upon it, by
a power equal to a third part of the weight of

‘the cylinder. T'herefore, a weight may be rolled

up this inclined plane with a third part of the
power which would be fufficient to draw it up by
the fide of an upright wall. If the plane was
four times as long as high, a fourth part of the
power would be fufficient; and fo on, in pro-
portion.  Or, if a weight was to be raifed from a
floor to the height G F, by means of the machine
ABCD, (which would then aét as a half wedge,
where the refiftance gives way only on one fide)
the'machine and weight would be in eguilibrio when

‘the power applied at G 7 was to the weight to

¥ig. 1.

Eg' 3. LA

Fig. 4,

be raifed, as G F to G B; and if the power be
increafed, .fo as to overcome the frition of the
machine againft the floor and weight, the machine
will be driven, and the weight raifed : and when
the machine has moved its whole length upon
the floor, the weight will be raifed to the whole
height from G to 7.

The force wherewith a rolling body defcends
upon an inclined plane; is to the force of its. ab-
folute gravity, by which it would defcend per-
pendicularly in a free fpace, as the height of
the plane is toits length.  For, fuppofe the pldne

- A4 B to be parallel to the horizon, the cylinder €

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 4 B, the cylinder will roll down upon
the plane with a force equal to half its weight;-
for it would require a power (afting in the di-
re€tion of A B) 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 cy-

lipder € will defcend with its whole force of

8 . gravitys
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gravity, becaufe the plane contributes nothing
to its fupport or hindrance; and therefore, it
would require a power equal to its whole weight
to keep it from defcending. ‘
Let the cylinder. € be made to turn upon ¥ig. §.
flender pivots in the frame D, in which there is
a hook ¢, with a line G tied to it: let this line go
over the fixed pulley H, and have its other end
tied to the hook in the weight 1. If the weight
of the body I, be to the weight of the cylinder
'C, added to that of its frame D, as the perpen~
dicular height of the plane L M is to its length
A B, the weight will juft fupport the cylinder
upon the plane, and a finall 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 Z, it will defcend, and draw the cylin-
der up the plane. In the time that the cylinder
moves from A to B, it will rife through the
whole height of the plane M L; and the weight
will defcend from H to K, through a fpace cqual
to the whole length of the plane 4 B.
- If the machine be made to move upon rollers
or friftion-wheels, and the cylinder be fupported
Upon the plane CB by a line G parallel to the
Plane, a power fomewhat lefs than that which
drew the cylinder up the plane will draw the
Plane under the cylinder, provided the pivots of
the axes of the frition-wheels be fmall, and the
Wheels themfelves be pretty large.  For, let the
Mmachine /B C (equal in length and height to Fig. 6,
4 B J, Fig. 5.) move upon four wheels, two
‘Whereof appear at D and E; and the third
under C, while the fourth is hid from fight by
the horizontal board . Lt the cylinder F be
laid upon the lower end of the inclined plane
+C B, and the line G be extended from the frame
°£ the cylinder, about fix feet parallel to the
plane
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plane CB; and, in that diretion, fixed to a hook
in the wall; which will fapport the cylinder, and
keep it from rolling off the plane. Letone end
of the line H be tied to a hook at C in the ma-
chine, and the other end to a weight X, fome-
what lefs than that which drew the cylinder up
the plane before. If this line be put over the
fixed pulley J, the weight K will draw the ma-
chine along the horizontal plane L, and under
the cylinder F: and when the machine has been
drawn a little more than the whole length C 4,
the cylinder will be raifed to 4, equal to the per-
pendicular height 4B above the horizontal part
at 4. ‘The reafon why the machine muflt be
drawn further than the whole length C 4 is, be-~
caufe the weight F rifes perpendicular to C B.

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

- §. The fifth mechanical power or machine is
the wedge, which may be confidered as two
equally inclined planes DEF and CEF, joined
together at their bafes ¢ EFO: then DCis the
whole thicknefs of the wedge at its back /BCD,
where the power is applied: E F is the depth or
heighth of the wedge: D F the length of one of
its fides, equal to (' F the length of the other

" fide; and OF is its fbarp 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 4 B4 is a wedge driven into
the cleft CDE of the wood FG. o
When the wood does not cleave at any dif-

- tance before the wedge, there will be an equill-

brium between the power impelling the wedge
downward, and the refiftance of the wood att-
ing againft the two fides of the wedge when the
power is to the refiftance, as half the thicknefs

0
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of the wedge at its back is to the length of cither
of its fides; becaufe the refiftance then acts per«
pendicular to the fides of the wedge. But, when
the refiftance on each fide ats parallel to the
back, the power that balances the refiftances on
both fides will be as the length of the whole
back of the wedge is to double its perpendicular
height. C

When the wood cleaves at any diftance before
the wedge (as it generally does) the power im-
pelling the wedge will not be to the refiftance of
the wood, as the length of the back of the wedge
is to the length of both its fides; but as half
the length of the back is to the length of either
fide of the cleft, eftimated from the top or acting
part of the wedge. For, if we fuppofe the wedge

to be lengthened down from 4 to the bottom of-

the clefc at E, the fame proportion will hold;
‘namely, that the power will be to the refiftance,
as half the length of the back of the wedge is to

the length of either of its fides: or, which .

amounts to the fame thing, as the whole length
of the back is to the length of both the fides.

" In order to prove what is here advanced con-
cerning the wedge, let us fuppofe the wedge to
be divided lengthwife into two equal parts; and
then it will become two equal inclined planes;

one of which, as @#¢, may be made ufe of as a Fig. 7..

half wedge for feparating the moulding ¢4 from
the wainfcor #B8. It is evident, that when this
half wedge has been driven its whole length a¢
between: the wainfcot and moulding, its fide 4 ¢
Will be at ¢4; and the moulding will be fepa~
xhated to fg from the wainfcot. Now, from what

as been already proved of the inclined plane, it
appears, that to have an equilibrium between the
power Impelling the half wedge, and the refift-
ance of the moulding, the former muft be to the

latter,’
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latter, as 2 & to a ¢’ that s, as the thicknefs of the
back which receives the ftroke is to the length
of the fide againft which the moulding aés.
‘T herefore, fince the power upon the half wedge
is to the refiftance againft its fide, as the half
back 24 is to the whole fide @ ¢, it is plain, that
the power upon which the whole wedge (where
the whole back is double the half back) muft be
to the refitance againft both its fides, as the
thicknefs of the whole back is to the length of
both the fides; fuppofing the wedge at the bot-
tom of the cleft: or as the thicknefs of the whole
back to the length of both fides of the cleft,
when the wood fplits at any diftance before the
wedge. For, when the wedge is driven quite’
into the wood, and the wood fplits at ever fo
fmall a diftance before its edge, the top of the
wedge then becomes the acting part, becaufe the.
wood does 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 acts from
the refiftance, the greater is the advantage. '

Some writers have advanced, that the power
of the wedge is to the refiftance to be overcome,
as the thicknefs gf the back of the wedge is to

~the length only of one of its fides; which feems

very ftrange: for, if we fuppofe 4 B to be a
ftrong inflexible bar of woed or iron fixt into the
ground at CB, and D and Z to be two blocks of
marble lying on the ground on oppolite fides of
the bar; it is evident that the block D may be
feparated from the bar to the diftance 4, equal to
a b, by driving the inclined plane or half wedge
a b o down between them ; and the block £ may
be feparated to an equal diftance on the other
fide, in like manner, by the half wedge ¢do-

But
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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 its perpen-
dicular height, becaufe the block will be driven
off perpendicularly to the fide of the ‘bar 4 B.
Therefore the power to drive both the half
wedges is to both the refiftances, as both the
half backs is to the perpendicular height of each
half wedge. And if the bar be taken away, the
blocks put clofe together, and ‘the two half
wedges joined to make one; it will require as
much force to drive it down between the blocks,
as is equal to the fum of the feparate powers
alting upon the half wedges when the bar was
between them, ' )
To confirm this by an experiment, let two Fig. 14
cylinders, as 4 B and CD, be drawn toward one
another by lines running over fixed pulleys, and
a weight of 40 ounces hanging . at the lines be~
longing to each cylinder: and let a wedge of
40 ounces weight, having its back juft as thick as
cither of its fides is long, be put between the
cylinders, which will then aét againft each fide
with a refiltance equal to 40 ounces, while its
own weight endeavours to bring it down and
feparate them. And here, the power of thé
wedge’s gravity impelling it downward, will be
o the rehftance of both the cylinders againtt the
wedge, as the thicknefs of the wedge is to double
Its perpendicular height ; for there will then be
an equilibrium between the weight of the wedge
and the refiltance of the cylinders againft it, and
It will remain at any height between them ; re-
Quiring juft as much power to puth it upward
as to pull it downward.—If another wedge of
cqual weight and depth with this, and only half
as thick, be put betwten the cylinders, it will
Fequire twice as much weight to be hung at the
' cnds
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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 its perpendicular height, wilk
require 8o ounces to each cylinder, to keep it in
an equilibrium between them: and twice 80 is
160, equal to four times 40.  So that the power’
will be always to the refiftance, as the thicknefs
of -the back of the wedge is to twice its perpen-
dicular height, when the cylinders move off in
2 line at right angles to that perpendicular.

The befl way, though perhaps not the neateft,-
that I know of, for making a wedge with its
appurtenances for fuch experiments, is as fol-
lows. Let KILM and LMNO be two flat

_pieces of wood, each about fifteen inches long,

and three or four in breadth, joined together by
a hinge at LM ; and let P be a graduated arch
of brafs, on which the faid pieces of woed may
be opened to any angle not more than 6o degrees,
and then fixt at the given angle by means of
the two {crews 2 and 4. "Then, TKNO will
reprefent the back of the wedge, L M its fharp
edge which enters the wood, and the outfides of
the pieces KILM and LM NO the two fides of
the wedge againft which the wood aéls in cleav-
ing. By means of the faid arch, the wedge may
be opened fo, as to adjuft the thicknefs of its
back in any proportion to the length of either of
its fides, but not to exceed that length: and any
weight as p may be hung to the wedge upon the
hook 27, which weight, together with the weight
of the wedge itfelf, may be confidered as the
impelling power; which 1s all the fame in the ex-
periment, whether it be laid upon the back of
the wedge to pufh it down, or hung to its edge to
pullit down. Let 4B and CD be two wooden
cylinders, each about two inches thick, wh}::rc
' they
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they touch the outfides of the wedge; and let
their ends be made like two round flat plates, to
keep the wedge from flipping off edgewife from
between them.. Let a fmall cord with a loop on
one end of it, go over a pivot in the end of each
cylinder, and the cords § and 7 belonging to the
cylinder 4 B go over the fixt pulleys # 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 & and R belonging
to the cylinder CD go over the fixt pulleys 7and
U to the bar v, on which a weight 2equal to Z
may be bung. Thefe weights, by drawing the cy~
linders toward one another, may be confidered ‘as
the refiftance of the wood acting equally againit
oppofite fides of the wedge ; the cylinders them-
felves being fufpended near, and parallel to each
other, by their pivots in loops on the lines
E, F, G, H; which lines may be fixed to houks in
the cieling of the room. The longer thefe lines
are, the better; and they (hould never be lefs than
four feet cach. The farther alfo the pulleys

Y, Uand 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 double the wedge’s per-
‘Pendicular heighe to the thicknefs of its back:
and when they are {o adjufted, the wedge will bée
™ equilibrio with the refiftance of the cylinders.

The wedge is a very great mechanical power,

nce ot only wood but.even rocks can-be {plic
by it; which would be impoffible to effeét by the
eber, wheel and axle, or pulley: for the force
of the blow, or ftrolse, thakes the cobering parts,
and thercby .makes them feparate more eafily.
' 6. Thg
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The - 6. The fixth and laft mechanical power is the
ferew. ferew s Which cannot properly be called a fimple
‘machine, becaufe it is never ufed without the
application of a lever or winch to affift in turn-

ing it: and then it becomes a compound engine

‘of a very great force either in prefling the parts

of bodies clofer together, or in raifing great

» weights.. It may be conceived to be made by
Fig, 12, cutting a piece of paper 4 BC (Fig. 12.) into
13 the form of an inclined plane or half wedge, and
then wrapping it round a cylinder' 4B (Fig. 13).

And here'it is evident, that the winch £ muft

turn the cylinder once rcund before the weight

of refitance D can be moved from one fpiral
‘winding, to apother; as from 4 to ¢: therefore,

as much as the circumference of .a circle, de-
fcribed by the handle of the winch, is greater

than the interval or diftance between the fpirals, fo

much is the force of the fcrew.  Thus, fuppofing

the diftance between the fpirals to be half an inch,

and the length of the winch to be twelve inches;

the circle defcribed by the handle of the winch

where the power ats will be 76 inches nearly, or

about 152 half inches, and confequently 152 times

as great as the diftance between the fpirals: and.
therefore a power at the handle, whofe intenfity

is equal to no more than a fingle pound, will ba~

lance 152 pounds aling againft the ferew; and

‘as much additional force, as is {ufficient to over=

come the friction, will raife the 152 pounds; and

the velocity of the power will be to. the velocitf

of the weight, as 152 to- 1. Hence it appears

that the longer the winch is, and the nearer t»l‘{e

fpirals are to’ one another, fo much the greatey ¥

the force of the ferew. o

" A machine for thewing the force or ower of

the fcrewmay be contrived in the fgall‘owingt
manner ¥
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manner : Let the wheel C have a fcrew a2 b on Fig 14

its axle, working in the teeth of the wheel D,
which fuppofe to be 48 in number. It is plain,
thiat for every titne the wheel C and {crew, a6 are
turned round by the winch 4, the wheel D will
be moved one tooth by the ferew; and there-
fore, in 48 revolutions of the winch, the wheel
D will be turned once round. Then, if the cir-
cumference of a circle defcribed by the handle of
the winch 4 be equal to the circumference of a
groove e 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 aline G (above number 48) goes round the
groove ¢, and has a weight of 48 pounds hung
to'it below the pedeftal £ F, a power equal to
one pound at the handle will balance and fupport
the weight.—To prove this by experiment, let
the circumferences 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 addition to the weight H
will caufe it to defcend, and fo raife up the other
weight, ‘ ,

If the line G, inftead of gaing round the
groove ¢ of the wheel D, goes round its axle 7;
the power of the machine will be as much in-
creafed, as the circumference of the groove ¢
exceeds the circumference of the axle: which,
uppofing it to be fix times, then one 'po(md at
7 will balance 6 times 48, or 288 pounds hunig
'“é the line on the axle: and hence the power or
2 {’a“‘?gé of this machine will be as 288 to 1.
That s to fay, a man, who by his natural
ftrength could life a hundred wéight, will be

F a2 ‘ able
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able to raife 288 hundred, or 14,% ton weighe
by this engine. ' '

But the following engine is ftill more power-
ful, on’ account of its having the addition of
four pulleys: and in it we may look upon all
the mechanical powers as combined together,

Plate VI even if we take in the balance. For, as the axle
Fig. 3. Dof the bar 4B enters its middle at C, it is plain
that if equal weights are fufpended upon any two
A combi- pins equi-diftant from the axis C, they will coun-
nation of terpoife each other.—It becomes a lever by
all theme- o ving 2 fmall weight P upon the pin #, and a
chanical . . . ¢ .
‘powers. . Weight as much heavier upon either of the pins
b, ¢, d, e, or f, as is in proportion to the pins
being fo much nearer the axis. The wheel and
axle FG 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 pulleys K, m, over the upper
pulleys L, #, and then it is tied to a hook at m
in the lower or moveable block, on which the
weight /7 hangs.

In this machine, if the wheel F has 3o teeth,
it will be turned once round in thirty revo-
lutions of the bar A4 B, which is fixt on the
axis D of the ferew E: if the length of the bar
is equal to twice the diameter of the wheel, the
pins 2 and # at the ends of the bar will move 6o
times as faft as the tecth of the wheel do: and-
confequently, one ounce at P will balance 60
ounces hung upon a tooth at ¢ in the horizontal
diameter of the wheel, “Then, if the diameter of
the wheel F is ten times as. great as the diameter
of the axle G, the wheel will have 10 times the
velocity of the axle; and therefore one ounce P
at the end of the lever 4 C will balance 1o times
60 or 600 ounces hung to the rope 77 which gocg

: roun
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round the axle. Laftly, if four pulleys be added,
they will make the velocity of the Jower block
K, and weight 77, four times lefs than the velos
city of the axle: and this being the laft power
in the machine, which is four times as great as
that gained by the axle, it makes the whole
power of the machine 4 times 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 times as much by this en-
gine.~=But it is here as in all other mechanical
cafes ; for the time loft is always as much as the
_power gained, becaufe the velocity with which
the power moves will ever exceed the velocity
with which the weight rifes, as much as the in-
tenfity of the weight exceeds the intenfity of the
power,

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

LECT. IV,

OF mills, cranes, wheel-carriages, and the engine
’ ' - for driving piles. ' '

‘ AS thefe engines are fo univerfally ufeful, it
£ A would be needlefs to make any apology
for defcribing them, , ’ V
_In a common’ dreaft-miil, where the fall of Plate VIL
Water may be about ten feet, 4 4 is the great '8
- Whieel, “which.is generally about 17 or 18 fect in A_‘;’"'m
F 3 diameter, mill
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diameter, reckoned from the outermoft edge of
any float board at « to that of its oppolfite float at .
4. 'To this wheel the water is conveyed through
a channel, and by falling upon the wheel, turns
it round. . S v o
~ On the axis B B 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 ten upright ftaves or. rounds; and
when thefe are the number of cogs and rounds,
the trundle will make 6.% revolutiong for one
revolution of the wheel, -
The trundle is fixt upon-a ftrong iron axis
called the fpindle, the lower end of which turns in
a brafs foot, fixt at F, in the horizontal beam S 7
called the bridge-tree; and the upper part of the
fpindle turns in a wooden bufh fixt into the nether
millftone which lies upon beams. in the floor 277,
The top part of the {pindle above the bufh is
fquare, and goes into a fquare hole in a ftrong iron

“crofs abcd (fee Fig. 3.) called the rynd; under

which, and clofe to the bufh, is a round. piece of

thick - Jeather upon. the fpindle, 'which 1t turns

round at the fame time as it does the rypd.
The rynd is let into grooves in the under fur-

+ face of the running milltone 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-

ftong 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

{pindle may be feen; while 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 fpindle) is
fixed into a hole in the wall; and the end § is let

“inta abeam Q R called the brayer, whole end, R

remains
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remains fixt in a mortife: and its other end &
hangs by a ftrong iron rod P which goes through
the floor 7’7, and has a fcrew-nut on its top at
O; by the turning of which nut, the end Q of
the brayer is raifed or depreffed at pleafure; and
confequently the bridge-tre¢ 7S and upper mill-
ftone. By this means, the upper millftone may
be fet as clofe to the under one, or raifed as high
from it, as the miller pleafes. The nearer the
millftones are to one another, the finer they
grind the corn, and tlie more remote from ohe
another, thie coarfer. b o

The upper millftone G is inclofed in a round
pox H, which does not touch it any where; and
.18 about an inch diftant from its edge all around.
On the top of this-box ftands a frame for hold-
ing the hopper %k, to which is hung the fhoe J
by:two lines fafténed to the hind-part of it, fixed
upon -hooks. in the hopper, and by one end of

the crook-fring K faftened toithe 'fbxc—rartﬁpf it
h

at 7; the other end being twiftéd round the pin L,
As the pin is turned one way, the ftring draws
up the fhoe clofer to the hopper, and fo leflens
the aperture between them; and as the pin is
turned the other way, it lets down the fhoe, and
enlarges the aperture, A

. If the thoe 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
Quantity will be more or lefs, according as the
“thoe 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 direétly under the bottom of the

opper, but forwarder toward the end 4, over
the middle of the eve of the millftone,

73

" There is a fquare hole in the top of the fpindle, Fig, 3,

I which is put the feeder e: this feeder (as the
F 4 {pindle



4

Of Water-Mills.

fpindle turns round)-jogs the fhoe three times in
e¢ach revolution, and fo cauvfes the corn td run .
conftantly down from the hopper through the thoe,

into the eye of the millftone, where it falls upon

the top of the rynd, and is, by the motion of the
rynd, and the leather under it, thrown below the
upper ftone; and ground between it and the lower

.one. The violent motion of the ftone creates a

centrifugal force in the corn going round with it,
by which means it gets farther and farther from
the center, as in a {piral, 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 be-

fides, 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 are apt

to ftrike fire againft one another.. Both which
inconveniences are-avoided by turning the pin L

backward or forward, 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 muft the feeding be.  But when the ftone
is confiderably wore, and become light, the mill
muft be fed flowly av any rate; otherwife the
ftone will be too rmuch borne up by the corn un-
der it, which will make the meal coarfe.

- The quantity of power required to turn a
heavy millftone is but very little more than what

‘18
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* . ' . [ - .
15 fufficient to turn a light one: for as it is fup.

ported upon the fpindle by the bridge-tree § T, -

and the end of the fpindle that turns in the brafs
foot therein being but fmall, the odds arifing
from the weight is but very inconfiderable in its
action againtt the power or force of the water.
And befides, a heavy ftone has the fame advan-
tage as a heavy fly; namely, that it regulates
the motion much better than a light one.

In order to cut and grind the corn, both the
Upper and under millftones have channels or
furrows cut into them, proceeding obliquely from
the center toward the circumference. And thefe
furrows are cut perpendicularly on one fide and
obliquely on the other into the- ftone, which
gives each furrpw a fharp edge, and -in the two
ftones they come, as it were, againft one ano-
ther like the edges of a pair of fciffars: and'fo
cut the corn, to make it grind the eafier when it
falls upon the places between - the ‘furrows.
Thefe are cut the fame way in both ftones when
they.lic upon their backs, which makes them run
Crofs ways to each other when the uppe™ftone is
laverted by turning its furrowed furface toward
that of the lower. For, if the furrows of both
ftones lay the fame way, a great deal of the corn
Would be driven onward in the lower furrows,
and {o come out from between the ftones with-
out being either cut or bruifed.

*When the furrows become blunt and fhallow
by wearing, the running ftone muft be raken
UP, and both ftones new dreft ‘with a chifel and

Ammer. And every time the ftone is taken up,
there muft be fome tallow put round the fpindle
Upon the bufh, which will foon be melted by
fhe heas the fpindle acquires from its ‘turning
and rubbing againft the bufh, and fo will get 1n

‘ between
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between them : otherwife the ‘bufh would take
fire in.a very httle time, | -
The bufh muft embrace the. fpmd]c qmtc

,clofe, to prevent any fhake in the motion, which

would make fome parts of the ftones grate and
fire agamﬁ each other ; while other parts of them
would be too far afunder, and by that means
fpoil the meal in grinding.

Whenever the {pindle wears the bufh fo as to
begin to fhaké in it, the tone muft be taken up,
and a chifel drove into feveral parts of the bufh;
and when it is taken out, wooden wedges muft
be driven 'into- the holes; by which means the
buth will. be.made to embrace the fpindle clofe
all around.it again. * In doing this, great care

muft be taken to drive’ equal wedges into the

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 neceffary
for making good work. When any accident of
this kind happens,, the perpendictlar pofition of
the. fpindle muft be reftored by adjufting the
brxdgc tree §'7 by proper wedges put bctwcen
it and the brayer @ R.

- It often. happens, that the rynd is a little
wrenched in laying down the upper ftone upon

it; or is made to fink a little lower upon oné

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, while the oppofie¢ .
edge will not touch. But this is cafily fet to
rights, Dby raifing the ftone a little with a levers
and putting bits of paper, cards, or thin chxpﬂ;
between the rynd and the ftone, Fo
The diameter of the upper flone is gcnem“)’
about fix feet,. the lower ftone abou; an . inch
2 more : -
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more: and the upper ftone, when new, containg
abour 22} cubic feet, which weighs fomewhat
more than 1goco pounds. A ftone of this dia~
meter .ought never to go more than 60 times
round in a minute ; for if it turns-fafter, it will
heat the meal. , ~

_ The grinding furface of the under ftone isa
little convex from the edge to the center, and
that of the upper ftone a little more concave: {o
that they are fartheft from one another in the
middle, and come gradually ‘nearer toward the
tdges, By this means, the corn at its firft en-
trance between the ftones is only bruifed ; but as
1t goes. farther on toward the circumference or
edge; it is cut {maller and finaller; but at laft
finely ground juft before it comes out from be-
tween them. . o
__The water-wheel muft not be too large, for
if it be, its motion will .be too. flow; nor too

Yittle, for then it will want power.’ And.fora

mill to be in perfection, the floats of the wheel
ought to move with a third part of the velocity
of the water, and the ftone to turn round once
In a fecond of time. ‘ '
~ In order to conftru&t a mill in this perfect
‘anner, obferve the following rules: :
1, Meafure the perpendicular height of the
fall of water, in feet, above that part of the wheel
on which the water begins to aét; and call that,
the height of the fall.
‘2. Multiply this conftant number 64.2882 by

the height of the fall in feet, and the fquare root

Of the produ@ fhall be the velocity of the water
at the bottom: of the fall, or the number of feet
that the water there moves per fecond. ;
© 3. Divide the velocity of the water by, 3, T
the quotient fhall be the velocity of the float-
oards of the wheel; or the number of feet thc{{
mu

Ly
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muft each go through in- a fecond, when the
water acts upon them fo, as to have the greateft
power to turn the mill. S :

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

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

6. Divide 60 (the number of revolutions the
millftone ought to have in a minute) by the num-
ber of, turns of the wheel in 2 minute, and the
quotient fhall be the number of turns the mill-
ftone ought to have for one turn of the wheel.
7, Then, as the number of turns of the wheel
in a minute is to the number of turns of the
miliftone in a minute, fo muft the number of

“ftaves in the trundle be to the number of cogs
in the wheel, in the neareft whole numbers that
can be found. ‘ ‘

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

“To conftruét a mill by this table, find the
height of the fall of water in the firft.column, and
againft that height, in the fixth column, you have
the number of cogs in the wheel, and ftaves in
the trundle, for caufing the millftone to make
about 60 revolutions in a minute, as near as
poflible, when. the wheel goes with a third part
of the velocity of the water.  And it appears by
the 7th column, that the number of cogs in the
wheel, and ftaves in the trundle, are fo near the
truth for the required purpofe, that the leaft
‘number of revolutions of the millftone in 8
minute is betiveen §9 and 60, and the greateft
pumber never amounts to Gr. ‘
B ‘ ' The
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The MILL-WRIGHT’s TABLE.

.

& . Revolu-{ .~ ¢ . Rev. of
0%’ Velo- | Velo- [Revolu-itions of (.ot im mtx};;:-
T e R B
g8 B water | wheel | wheel | ftone ﬁ:::::s n mt‘l?c.fey
gl per fe- | per fe-]  per for one the faves
% cond. [ cond, minute. f;ig:f trundle, | and
lag’ . COgS.
m‘mi"§m§§ %éwign «E’wi"§
A R T R A S
R su| s 3a 3
| 8.02] 2.67] 2.83j21.20127 6[59.92
2 [11.34] 3.78] 4.0c{15.00[105 7|60 .00
3 [13-89] 4.63] 4.91[12.22{ g8 8i6o.14
% [16.04) 5.35) 5.67/10.58| 95 9l59.87
§ 11793} 5-98) 6.34] 9..46 85 gl59.84
6 |19.64] 6.55] 6.94| 8.64 78 gl6o.10
7 {21.21] 7.07| 7.50| 8.00| 72 ¢|60.,00
8 [22.68] 7.56] 8.02 7.48| 67 9l59.67
9 [{24.05| 8.02f B.51 7.05| 70 10{59.57
10 25.35] 8.45| 8.97| 6.69| 67 10[60.09
It [26.59] 8.86| 9.40| 6.38| 64 10/60.16
12 (27.77] 9.26] 9.82 6.11} 61 10{59.90
13 [28.91] 9.64{10.29] 5.87| 59 10/60.18
14 |30.00[10.00[10.60| §.6€| 56 10/59.36
15 [31.05/10.35110.99! 5 .46 55 10[60.48
16 |32.07{10.6g|11.34] §.29| §3 10/60.10
17 [33.06[I1.02{11.70| §.13|.51 10(59.67
18 |34.09|11.34{12.02] 4.99| 50 10/060.10
{ 19 134.95{11.65(12.37| 4.85| 49 10/60.61
\;32_35.86[1.9512. 5 4.73 47 10159.59
Il 2] 3 4 | 5 6 7

Such
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. Such a mill as this, with a fall of water about -
7% feet, will require about 32 hogfheads every:
minute to turn the wheel with a third part of the
velocity. with which the water falls ; and to over-
come the refiftance arifing from the frition of
the geers and attrition of the ftones in grinding
the corn, ~ : - .

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

ftopr, the penftock is let down, which ftops the

water from falling upon the wheel, \

A lefs quantity of water will turn an overfhot-
mill (where the wheel has ‘buckets inftead of
float-boards) than a breaft-mill, where the fall of
the water feldom exceeds half the height 44 of
the wheel. So that, where there is but a fmali
quantity 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 little declivity, it can a& but
flowly upon the under part of the wheel at 4; in
which cafe, the motion of the wheel will be very

Alow : 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 order
to give the millflone a fufficient degree of velocity.
~ They who have read what is faid in the firt
le@ure, concerning the acceleration of bodies

\ falling
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tfalliﬁ?g freely by the power of gravity acting
conftantly and uniformly upon them, may per-

haps afk, Why hould the motion of the wheel be
equable, and not accelerated, feeing the water
‘atts 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 friction of the geers and
attrition of the ftones. Therefore, the velocity
with which the wheel begins to move, will in-
creafe no, longer than till its momentum or force

is balanced by the refiftance of the working’

-parts of ‘the mill; and then the wheel will go
on with an equable motion, .

8

[If the cog-wheel D be made aboye18 inches o faud-

diameter, with 30 cogs, the trundle as finall in mill,

proportion, with 16 ftaves, and the millftones'be
each about two fect in diameter, and’ the whole
work be put into a ftrong frame of wood, as re-
‘prefented in the figure, thé engine will be a hand-
mill for grinding corn or malt in private fami-
lies, And then, it may be turned by a winch
inftead of the wheel 4 .4: the millftone making
three revolutions for every one of the winch.
If a heavy fly be put upon the axle B, near the
Winch, it will help to regulate the motion. ]
. If the cogs of the wheel and, rounds of the
‘trundle could be put'in as exattly as the teeth
‘are cut in the wheels and pinions of a clock,
.Eth‘en the trundle might divide the wheel exactly:
thatis'to fay, the trundle mig<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>