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III.

Of the Centres
^ Magnitude
, Motion,
WGravity
. The Method
offinding
the Centre
of Gravity
in all Bodies.
The Phænomenon
of the Double
Cone
and Cylinder
. O/ACommon
Cen¬
tre
of Gravity
between two or more
Bodies ; conjidered between the Earth
W Moon , the Sun and Planets
. The
Fundamental
Principle
of Mecha¬
nics demons rated . The Impossibility of a
Perpetual
Motion
. The Nature
and Kinds
of Levers , Balances,
Pullies
, the Axis in Peritrochio,
Inclined
Plane , Wedge , and tie
Screw . O/ ' Friction
and FrictionWheels
. Of Compound
Machines.
The Theory
of Clock - Work . A
new Orrery , Cometarium
, &c . Of
the Movement
c/ ’Wind - Mills , Wa¬
ter - Mills , Ships , &c . Of the Ma¬
xima and Minima in Mechanics
. The
Theory

ofST h e e l - C a r r i a g e s at large.

AYING

considered the Nature

of

every Kind of Motion , with the
Properties of each , we
should
L 2
have
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have come immediately to treat of the Me¬
chanical

Powers

or Machines

, but

that something still remains to be premised
thereto , relating to the Centres of Magnitudes
of Motion, and of Gravity in Bodies.
The

Centre

of Magnitude

is that

Point which is equally distant from all the
external Parts of the Body : And in Bodies
that are uniform and homogeneal , it is the
fame with
The

Centre

of Motion

, which

is

that Point which remains at Rest, while all '
the other Parts of the Body move about it:
And this is again the fame in uniform Bodies,
of the fame Matter throughout , as
The

Centre

of Gravity

, which

is

that Point about which all the Parts of a
Body do in any Situation exactly balance
each other.
This

Centre of Gravity in Bodies is of

the greatest Consequence to be well under¬
stood, as being the sole Principle of all Me¬
chanical Motions. The
particular Properties
hereof are as follow , (i .) If a Body be
suspended by this Point , as the Centre
of Motion , it will remain at Rest in any
Position indifferently . (2.) If a Body be
suspended in any other Point , ' it can rest
only in two Positions , viz. when the said
Centre of Gravity is exactly above or be¬
low

■
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low the Point of Suspension. (3.) "When
the Centre of Gravity is supported , the
whole Body is kept from falling . (4.) Be¬
cause this Point has a constant Endeavour
to descend to the Centre of the Earth;
therefore , (5.) When this Point is at Li¬
berty to descend, the whole Body must al¬
so descend or fall, either by Hiding, roll¬
ing , or tumbling down . (6.) The Centre
of Gravity in regular , uniform , and homogeneal Bodies , as Squares, Circles, Spheres,
&c . is the middle Point in a Line connect¬
ing any two opposite Points or Angles.
{7.) In a Triangle it is in a Line drawn
from any Angle bisecting the opposite Side,
one Third of the Length distant from that
Side or Base. (8.) It is also one Third of
the Side distant from the Base of an hol¬
low Cone. (9.) But in a solid Cone it is
one Fourth of the Side distant from the
Base.
(10.) In the Human Body, the
Centre of Gravity is situated in that Part
which is call’d the Pelvis, or in the Middle
between the Hips.
Hence the Solution of several very cu¬
rious Phœnomcna will be evident with the
least Attention ; as why some Bodies stand

more sirmly on their Bases than
why some stand more sirmly in an
Position ; why some Bodies fall
L 3

others;
inclined
in one
manner,
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manner , some in another ; why some may
seem to rise, while the Centre of Gravity
really descends, as the rolling Cone , and
Cylinder

.

Hence

the Form

of

that par¬

ticular Bucket which descends empty with
the Mouth downwards , but is drawn up full
with the Mouth upwards . Hence also it
appears that a Waggbn loaded with hea¬
vy Matter , as Iron , Stone , &c. will go
safely on the Side of a Hill or rising
Ground , where a Load of Hay or Corn
would be overturn 'd. Again , we hence
see the Reason why no Man , standing still,
can move or stir, without first moving the
Centre of Gravity out of its Place ; also,
why we stand firmly , while the Centre of
Gravity falls between , or on the Base Line
of the Feet ; and how necessarily we fall,
when the Centre of Gravity falls on one
Side or other of the same : With many
other Particulars , which natural |y result
from this Principle (XXXV ).
PlateV I.
Pig . 13 .

(XXXV ) I . That the Centre of Magnitude , ofMotion , and of Gravity is the fame Point C in regular and
homogeneous Bodies , as the circular Area , or Square
A B D E , is evident ; because any Right Line as AD
drawn through the said Point and terminated by the
Peripheries of those Bodies , has an equal Number of
Particles on each Side ; therefore the said Point is Cen¬
tre of Magnitude and Gravity , and consequently of
uniform Motion in every such Line , and therefore of
she whole Area , which is made up of them.
2 . But

/ ./a
1ITtate
iVol
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two or more Bodies in Motion be con¬
nected together , as Chain- Sbot, & c. or any
how
If

L. But if a Body be not homogeneous!, but consists of
different Matter in different Parts , the Centre of Mag¬
nitude C will not be the Centre of Gravity ; thus sup¬
pose ABF a circular Piece of
of Lead ef in one Side of it ;

Wood with a round Piece
this Lead will remove the
Centre of Gravity from C to some other Point D in the
Diameter passing through the Centers C and g and
;
this
Centre of Gravity D will of Course be also the Centre
of Motion and Rest, for on no other Point can a Body
rest but that on which it is equilibrated , since Rest is
only the Result of an Equilibrium of the Parts.
3. If the Centre of Gravity be supported, the Body
will be supported likewise ; for since the Power of every
Particle to descend is there referred, and all unite in one;
if that one Point be upheld, all the rest must, as having
a mutual Dependence thereon by a necessary Connection
of Parts.
4. If a Body be suspended on any other Point C,
than the Centre of Gravity D , it will descend in every
Position but two, viz. when the Centre of Gravity is
in E above, or in D below the Point of Suspension C,
because in two Cases it gravitates on a fixed Point,
which suspends the Body, and therefore upholds it;
but in all other Cafes it has Liberty to descend, and
therefore will carry the Body down , till it comes to rest
in D.
5. If the Centre of Gravity C in the Body AB DE PI. VII.
gravitate on the Base A E in the Perpendicular C F , that
r.
Body will stand firm, and so much the more so, as
the Point F falls nearer the middle Point between A
and F ; for since, were the Body to move, the Point or
Angle E would be the Centre of Motion , it follows,
that in that Cafe the Centre of Gravity C must rife in
the Arch of a Circle from C to G , which it cannot do
without some extraneous Force ; and therefore, when
left to itself, the Body must stand firm.
6. But in the Body of the next Figure , because the
Line CF , in which it gravitates , falls off from the

L 4

•
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how depend on each other , they will have
a Common Centre of Gravity, which will be a
Point

PI . VII.
Fig . 2.

Base AE , the Centre of Gravity C will be free to de¬
scend, as not being supported, and consequently the
Body must fall.
F-'g- 3*
7. If a Body ABDE , laid on an inclined Plane XY,
gravitates in the Direction CI , within the Base A E,
that Body will move down the Plane (by Annot,
XXVII . i . ) but it cannot move over the angular Point
A (by Hth of this ) it must the.efore descend by Jliding
down the Plane . If the Base AE , had been so small
that the Point F had fallen off it, it would have turned
on the Point A in its Motiop , and so have tumbled
down the Plane . But if the Bases AE be supposed infi¬
nitely small, or a Point , the falling from one Point to
another , will be so momentarieous, that the Body
(which then becomes a Circle or Sphere) will descend
by rolling down the Plane.
Fig- 48. To find the Centre of Gravity of a Line, has been
shewn ( Annot. XXIX . 2.) To find that of a Superfi¬
cies, as of a Triangle, Parabola, &c. this is the Me¬
thod . Let AG bisect the Base A C of the Triangle A
ABC , it will also bisect every other Line DE drawn "
parallel to the Base; consequently the Centre of Gra¬
vity of the Triangle will be found somewhere in the
Line BG . The Area of the Triangle may be consi¬
dered, as consisting of an infinite Number of indefi¬
nitely small Parallelograms DEbaD, each of which is
to be considered as a small Weight , and also as the
Fluxion of the Area of the Triangle , and so may be
expressed by zyx, putting
(
BF —x, and FE —y , ) if
this fluxionary Weight be multiplied by its Velocity x,
we shall have 2 yxx for its Momentum.
g. Now put B G = a, and A C = b ; then B G (a) :
A C ( £J : : B F (x ) : DE = — = 2 y ; therefore the
Fluxion of the Weights zy x

3

b XX

And the Fluxion

.
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Point in the Line joining the Centres , so
situated , that its Distance from the said
Centres
of the Momenta 2yxx — — - — ; whence the Fluent
h x^
of the latter, viz. divided
- ,
by the Fluent of the
3a
bx7.
former, viz. will
give - .*• for the Distance of
2a 3
the Point from B in the Line B F, which has a Velo¬
city equal to the mean Velocity of all the Particles in
the Triangle DBF, and is therefore its Centre of
Gravity. Consequently the Centre of Gravity of any Tri¬
angle ABC,

is diflant from the

B , —B G aright

Vertex

3

Line drawn from the Angle B his?fling the Base A C.
10. And since the Section of a superficial or hollow
Cone is a Triangle , and Circles have the fame Ratio as
their Diameters, it follows that the Circle whose Plane
fases through the Centre of Gravity of the Cone is * of the
Length of the Side diflant from the Vertex of the said Cone.
11. But in asolid Cone, which consists of an infinite

PI. vir.

Number of circular Areas, which therefore may be Fig- 5considered as so many Weights , the Centre of Gravity
may be found as before, by putting BE = jr, BG a— ;
the circular Area D F E —y, and A G C = b; and
from the Nature of the Cone, a%: x- : : b : y —
a~ but x y — Fluxion
aL —
yxx

—i --

a1

of the Weights ; and

- ~ Fluxion of the
h x^

Momenta,

the Fluent of the latter, viz. -divided

whence

by the Fluent

4 Tj.

of the former

3

will give |

a:

of the Centre of

Gravity of the Part DBEF;
consequently the Centre of
Gravity of the Cone A B C G is dijiant from the Vertex
B , I of the Side B G , in a Circle parallel to the Base.
12 If ABC D be a regular Superficies , and ABE

F

another

Fig . 6,
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Centres will be reciprocally as the Quantity of
Matter in each Body.
Whence,
another similar thereto , their Difference will be F E C D;
and the Centres of Gravity of each will be in the Points
H , G , I, as is evident from what has been shewn.
Now (from Euclid's Elements ) we have F E C D to
A B E F as the Triangle F B D to the Triangle A C F;
but FBD : A C F : : F D : A F : : G H : H I ; where¬
fore if any two regular and similar Supcrsicies or Solids
together with their Centres of Gravity G , H , are given,
the Centre of Gravity I of their Difference will be
given also by the above Analogy . This in many Me¬
chanical Affairs will prove of very considerable Use.
Fi ». 7.
I Z- Thus for Example , suppose ABCG and BDEF
°
were two similar Cones , and their Centres of Gravity
when hollow or superficial were c and a but
;
when
solid, d and b if
;
then we suppose the Cone D B E F
cut off from the Cone ABC G , there will remain the
Difference A D E C G , whose Centres of Gravity,
when hollow and when solid, may be found as above ;
which let be in the Circles e if and g k b, at i and k.
If now the truncated Part were made into a Bucket by
fixing in a thin Bottom at A C , and suspending it moveable in a Handle by Pins fixed between the said Circles
e if and g k h, on each Side, it is evident such a Bucket
when empty must hang with its Mouth downwards ;
and when full of Water , with the Mouth upwards;
thus may such a Bucket be applicable to divers Uses, as
being capable of filling, and emptying , and moving
itself in different Forms , as the Bottom is fixed in the
wide or narrow End.
PI VII
I4- Centre
^
of Gravity of a Parabola ABC, is
Fi ? 8- ' ^ und as in the Triangle and Cone ; thus let B F — x,
DE cry; then will y x be the Fluxionary Weight,
and y x x the Fluxion of the Momenta but
;
from the
Nature of the Curve we have y r=
x * x, andy x x mi x*x
by 1 x1the
(

Xy

whose

whence y x —
Fluent §

x*

divided

Fluent of x1x) will give f x — 3 B F for
the
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Whence , since the Earth and Moon
are to each other as about 40 to 1, and
the
the Distance of the Centre of Gravity from the Vertex
B in the Part D B E ; and so | of B G is the Point in
the Axis of the whole Parabola ABC, from the Ver¬
tex B.
15. The Phænomenon of the double Cone is easily
accounted for, from what we have said of the Centre p ;„.
of Gravity . For let A B D be the common Base of
the two Cones, its Centre C will be the Centre of
Gravity of the Whole ; therefore if D F be the Leg of
a Ruler elevated to an Angle F D G , whose Sine F G is
less than the Semidiameter of the Cone C D , it is plain
the Centre of Gravity C at the Position-of the Cone in
D is more distant from the Centre of the Earth than in
its Position between the Legs of the Ruler at F ; and
therefore it will descend ( as on an inclined Plane C F E)
from C to F , where it will stop, as being supported on
the Ends of the Ruler.
16. Let A BED represent a Section of a
pjg^
of Wood biafs’d on one Side with a cylindric Cylinder
Piece of
Lead as B, this will bring the Centre of Gravity out
of the Centre of Magnitude C to some Point G be¬
tween C and B ; let F H be an inclined Plane , whose
Base is F L . It is evident the Cylinder laid upon the
Plane will no where rest but there, where a perpendi¬
cular to the Horizon F L passes through the Centre of
Grav ty G , and that Point of the Plane E in which
the C Under touches it ; and this in all Angles of Incli¬
nation of the Plane less than that whose Sine is equal
to C G (the Radius being C D ) will be in two Situ¬
ations ABED and abed , because when the Cylinder
moves, the Centre of Gravity describing a Circle round
the Centre of Magnitude C , this Circle will meet the
Perpendicular in two Points G and g, in each of which
the Centre of Gravity being supported the Cylinder
will rest. Therefore the Cylinder moves from E to e
by the Descent of the Centre of Gravity from G to g,
in the Arch of the Cycloid G hg.
17. If

rz6
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the Distance of the Moon 60 Semidiameters of the Earth , the Distance of the
common
17. If the Cylinder A B E D insisting on the hori¬
zontal Line E L in the Point E, has the Centre of
Gravity G in the horizontal Diameter D B, it will
; therefore a Plane
gravitate in the Perpendicular G e if
F H touch the Cylinder in the Point e, it is plain the
Cylinder cannot either ascend or descend on such a
Plane ; because G in any Situation between e and II,
or e and F , it will gravitate to the Left or Right from
the Po:nt in which the Clinder touches the Plane , and
so wiil .n either Case bring it back to the Point c.
18. In this Cafe the Angle of the Plane ’s Inclination
H F L is equal to the An^ie E C e or C e G , breaufe
E L and F II are Tangents to the Cylinder in the
Points E and e, and consequently the Ang .es EC < -(there¬
E F e —two Right Angles = t,Fr -fHFL;
fore E C e— II F L . Hence it follows, that a Cylin¬
der cannot ascend on a Plane whose In linanon is greater
than the Angle EC (, but on a Plane of less Inclina tion it may j and there is a certain Inclination of the
Plane on which the Ascent will be a Maximum, but it
is not worth while to insist farther on lo useless a
Subject:.
19. If D L M E and F P Q _0 represent two Wag¬
Fig . 12.
gons loaded, the former with heavy Matter , as Iron,
Stone,c & . which lies low, and the latter with a light
Substance that riles high, both on the Side of an Hill
AB ; it is evident the Centre of Gravity of the Load
L M , acting in the Direction R I , which falls between
the Wheels D E will keep the Waggon firm on the
Side of the Hill , (by Art. 5 .) But in the other Load
N P Q_0 , where the Centre of Gravity K rises so high
above the Bottom of the Waggon , it must act in a
Direction K H , which falling without the Base Line
F G of the Wheels , must necessarily cause the Wag¬
gon to overturn.
20. For the same Reason a Man must fall when the
Centre of Gravity acts in a Direction falling without
the Base-line of (he Feet ; and it is by the artful adjust¬
ing

PI. VII.
Fig . ix.

*

j
j

'

'
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common Centre of Gravity of the Earth
and Moon will be found about 1854 Miles
from the Earth ’s Surface ; and it is this
common Centre of Gravity that describes
the Annual Orbit about the Sun , and not
the Earth itself, as is commonly said and
thought.
In like

manner

there

is a common

Centre

of Gravity of the Sun and all the Planets
which circulate about him ; and were they
all placed in a Eight Line on one Side the
Sun , then would the common Centre of
Gravity of the whole System be distant
from the Sun ’s Surface eight "Tenths of
his Semidiameter : And it is about this
common Centre of Gravity , and not about
the Sun , that not only all the Planets , but
even the Sun itself, do constantly move
(XXXVI ).
The
ing of this Point over the Rope that People can walk
or fly thereon ; and that Tumblers and Equilibrists per¬
form such Wonders . In fine, it is this single Principle
that regulates eve ;y Kind of Motion , both Animal and
Mechanical , and to which we are naturally prone to
have a much stricter Regard than we commonly think
of ; as would be evident were we nicely to con¬
sider the Gait , Posture , and Configuration of the Body
tinder the various Modes of Acting , viz. of Walking,
Sitting , Riding , Stooping, Carrying, Lifting , Drawing ,
Pushing, Reaching, Striking, Throwing, ctc . and the
particular Manner in which Artists six a Wind -Mill,
Crane , or any such like Machine.
(XXXVI ) j. If two Bodies A and B be connected PI. VII.
together , by a Wire or Chain AB , they will each of Fig . 13.
them
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The common Centre of Gravity of any
Number of Bodies being

supported ,

none

of
them affect the other by their gravitating on the Line
A B ; and also every Particle of that Line will be af¬
fected with those Gravities , or be carried downwards,
but with an unequal Force , except one, on which the
Force of each Body is equal ; and since we shewed the
Force of any Body A or B arises from its Quantity of
Matter multiplied into its Velocity, it is evident, that
one Particle must be so situated at C , that B : A
( : : v : V ) : : AC : BC . Because then we have
BX V = AXn = BXAC = AXBC, Or the Pro¬
duct of each Body into its Velocity is the fame at the
Point C , but no other.
2. The Point C is therefore called the common Centre
es Gravity of both the Bodies. If the Distance be¬
tween the Centres of the Bodies be given, and the
Magnitude of each, the Distance of the Point C from
either may be thus found ; asB -[- A : B : ; AC -[- BC
(r AB) : AC. Let A represent the Earth , and B
the Moon ; then will A : B : : 40 : i , nearly ; and
since A B — 60 Semidiameters of the Earth ; we have
40 — 1 : 1 : : 60 : — = AC ; and since a Semidiame4i

60 X 4000
41
— 5854 — AC , from whence taking one Semidiameter AG = 4000 , there will remain GC = 1584 Miles,
for the Distance of the Point C from the Earth ’s Surface.
3. Since the Earth and Moon act on each other by
Attraction , it is evident they must both revolve about
the coijimon Centre of Gravity C ; whence this Point
C , and not the Centre of the Earth A , is that which the
Moon regards in her periodical Revolutions , and were
there no other Bodies in the Heavens but the Earth and
Moon , this common Centre of Gravity C would be at
rest, or a fixed Point.
4. But since the large Body of the Sun commands
(by the fame Power of Attraction ) the Earth and Moon
to
ter contains about 4000 Miles , we have
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of those Bodies can fall ; which is the Rea¬
son of many very surprising Appearances
in
to revolve about itself, it will follow that the Point C
is that which must:describe the Circle ( or Orbis Magnus)
about the Sun ; because no other Point between A and
B can keep always at the fame Distance from the Sun,
on Account of the mutual Revolutions of those Bodies
about that Point at the fame Time they are carried about
the Sun.
5. But to illustrate this Matter further , let S be the PI . VII.
Sun , and CD EF a Part of the annual Orbit ; A and
Fig . 14.
B the Earth and Moon in her Conjunction at C , in her
Quadrature at D , in her Opposition at E , and in her
last Quarter at F ; during all these Motions from C to
F , the Centres of the Earth and Moon will describe
Curves of the Cycloid Kind , every where concave to the
Sun ; and though this may appear a Paradox , yet it is
capable of a Geometrical Demonstration , and may be
also shewn by Experiment . In the common Astrono¬
mical Tables , the Centre of the Earth is supposed to
describe the Orbis Magnus, and the Place and Distance
of the Sun or Earth is computed accordingly ; but these
will be different from the true ones, which must be
computed from the Circle which the Earth does monthly
describe about the common Centre of Gravity ; and
this Difference is call’d the Menstrual
Paral¬
lax.

6. The Point C is that in which the Force of each
Body A, and B, is exerted ; and therefore every Action
of that Point is the fame as it would be if both the
Bodies were there united in one ; thus if A and B were
two Chain - Shots, the Point C in the Chain , and no
other , would strike an Obstacle with the greatest Force,
or that of a Body equal to the Sum of A and B.
7. If therefore a Wire be inserted in the Point C,
and at the other End any Body D were affixed, the Fig . 13.
common Centre of Gravity of all the three Bodies A,
B , and D , may be found as before ; for let the Body
C = A + B; then will C + D : D : : CD : CE ; or
A -pB + DiD : : CD: CE; and thus E will be
2
the

360
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in Nature , as that common Experiment of
suspending a Bucket of Water at the End of
a Stick
the Point sought. And in the same Manner the com¬
mon Centre of Gravity in a System of any Number
of Bodies may be found.
8. Hence the common Centre of Gravity of the Sun
and Planets may be easily found by comparing their
Fig . 15* Quantities of Matter and Distances ; thus let ABC
represent the Sun ’s Body, and S its Centre . Now sine*
the Bulks and Distances of the four first Planets , Mer¬
cury, Venus, the Earth and Mars, are very inconside¬
rable in regard of the Sun, they would not (if placed
in the right Line C G ) remove the common Centre of
Gravity between the Sun and themselves far from the
Centre of the Sun, suppose to L . But when we come to
Jupiter , his Bulk and Distance give him a considerable
Momentum, which will ( if placed in the same Line CG)
remove the Centre of Gravity fromL to 1, a Point without
the Surface of the Sun’s Body. Lastly , if we consider Sa¬
turn placed in the Line CG , with all the rest ; though
his Quantity of Matter falls short of, yet his Distance
far exceeds that of Jupiter, and therefore his Momentum
will be considerable enough to bring the common Centre
of Gravity from I to K , at such a Distance C K from
the Sun’s Surface as is equal to T\ - of the Sun’s Semidiameter S C ; or S C : C K : : 10 : 8. Now it is this
Point K which is the fixed and immoveable Centre of
the System, about which the Sun, as well as all tne Pla¬
nets, continually move. But the Sun being always
very near it, and its Distance therefrom varying with the
different Positions of the Planets , the Motion of the
Sun about this common Centre K will be very irreg las
and unequal ; while that of the Planets , on account of
their great Distance , may be esteem’d nearly uniform
and circular.
9. If the two Bodies A and B move to or from each
Fig .
other in the same right Line A B, with Velocities pro¬
portional to their Quantities of Matter inversely, the com¬
mon Centre of Gravity C will remain at Rest, because
their Distances from it will by that means be always in
the fame Ratio , viz. of their Masses inversely, which
i»
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» Stick off the Table ‘withoutfalling; the Toy

if the Man a sawing, &c.

We have now premised every Thing ne¬
cessary for understanding the Nature of
those Instruments which are commonly
call’dMECHANiCALPowERS or Machines:

They are six in Number , as follow , viz.
The Lever, the Pulley, the Wheel and Axle,
the Inclined Plane , the Wedge, and the
Screw. They are call’d Mechanical Powers ,
because they increase our Power of moving
or raising heavy Bodies, which are often
unmanageable by any natural human
Strength , not thus aflisted; and of two or
more of these all other compound Instru¬
ments and Machines are contrived and
composed.
I. A LEVER is any inflexible Line,
Rod, or Beam , moveable about or upon a
fix’d Point , (call’d the Prop or Fulcrumj ;
upon one End of which is the Weight to
be raised, at the other End is the Power
applied to raise it, as the Hand , &c. Since
(as we have before proved ) the MomenVol

. I.

M

turns

is the only Thing that makes that Point the Centre of
Gravity between them . But it both Bodies were to
move in two different Planes , either in the fame or
different Directions , the Centre of Gravity C would
describe a Right Line , and with a Velocity of the same
Sort as that with which the Bodies themselves do move.
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turns of the Weight , and Power , are as the

Quantities of Matter in •each multiplied by
their refpeSlive Celerities; and the Celerities
are as the Distances from the Centre of Mo¬
tion, and also as the Spaces passed through in
a perpendicular Dire51 ion in the fame Dime ;
it must follow , that there will be an Equi¬
librium between the Weight and Power , when
they are to each other reciprocally as the Dis¬
tances from the Centre, or as the Celerities of
the Motions, or as the perpendicidar Ascent or
Descent in the same Dime and
;
this univer¬
sally in all Mechanical Powers whatsoever,
which is therefore the fundamental Principle
of all Mechanics XXXVII
(
).
To
(XXXVII ) i . The Nature of this Proposition being
not understood by Smatterers in Mechanics , gave them
Occasion to imagine the Possibility of a Perpetual Mo.
tion from one Part of it, which they did not see was
utterly impossible from another Part of it.
PI.VIII .
2. That Part which feem’d to promise the Possibility
Fig . i . thereof, was this , viz . That the Momenta of equal Bo¬
dies were as their Dijlances from the Centre of Motion,
Hence , fay the Perpetual -Motion -Men , if a Wheel
were constructed of the Form of that in the Figure
AB C D , with circular Cells going from the inner Part
EFGH to the outer, containing equal Balls C , D,
E , F , then upon turning the Wheel , they must move
towards the Centre N cm one Part , as the Ball E , and
from it on the opposite Part , as the Ball C ; and by this
' Means the Ball C will have a greater Momentum than
the Ball F , and so will determine the Wheel to move
round ; and since this must be the Cafe of all the Balls
*
E and C that come into the Situation E, C , the Wheel
must
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To illustrate this , let AB be the Lever plate V.
supposed without Weight , and F its Ful- Fig. 9.
crum or Prop ; let W be a Weight sus¬
pended from the End A , and P the Power
applied to the other End B. Then let the
Lever be moved into the Situation C D,
’tis evident the Velocities of the Points
A and B will be as the Arches A G and
B D described in the same Time : Also the
perpendicular Distances , through which the
M 2
Weight
must necessarily move continually , because it will con¬
tinually bring two Balls into that Situation.
3 . ’Tis true, were there but two Balls E and C , the
Ball C would by this Contrivance move the Wheel
one Quarter round , viz. while it descended from C to
D ; and by this Means would raise the Ball E to F ,
and there they will abide in the Situation D F ; but , say
the Gentlemen of this Persuasion, two other Balls suc¬
ceeding to the Places E and C , will still keep the Wheel
moving .— Yes , so they would , if the Balls at D and E
could be taken away the Moment they come into that
Position , not else ; for the Balls C and E , in order to
move the Wheel , must move the Balls D and F , which
have equal Momenta,as
( being at the fame Distance each
from the Centre , as are the other two respectively)
which is absurd by the general Proposition.
4 . The Absurdity or a Perpetual Motion will still
farther appear, if we consider , that the Momenta of
Bodies are always proportion’d to the perpendicular
Descent or Ascent to or from the Centre of the Earth.
8ince , therefore, in the Wheel , the Bodies are all
equal by Supposition , and the perpendicular Spaces
through which they descend and ascend below and above
the Horizontal Line or Diameter A C , are equal ; it
follows , that an Equilibrium must necessarily ensue.
Thus so far is this Wheel from producing a Perpetual
Motion , that it admits of none at all.
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Weight W and Power P move in the jams"
Time , are CE and 6 D, which are as the
Arches AC and BD ; and these are as the
Radii CF and OF , which are equal to
AF and BF . Therefore in order to pro¬
duce an Equilibrium, it must be W x AC
= PxBD , or W X C E = P x D G, or
Consequently , P : W
= PxBF:
WxAF
: DG : : AF : BF.
CE
:
:
BD
:
: : AC
Note , that in eJHmating the EjfeBs of Ma¬
chines, we regard only the Di/lances of the
Power or Weight which are perpendicular to
the Lines of DireBion in which those Powers
aB , as F B, or F M, which are perpendicular
to the DireBions PB and LM.
The Lever is of five Kinds, si .) The
common Sort, where the Prop is between
the Weight and the Power , but nearest
the former . (2.) When the Prop is at one
End , the Power applied at the other , and
(3.) When
the Weight between both .
the Prop is at one End , the Weight at
the other , and the Power applied be¬
(4.) The bended Lever,
tween both .
which differs only in Form from the first
Sort . (5.) When the Prop is placed at an
equal Distance between the Weight and the
Power , and this is commonly call’d
The Balance , whose Use is, with a
Pair of Scales, to bring one Body to an
equal

Mechanics,
equal Weight with another that is a Stand¬
ard . The Proportional Balance is without
Scales, and is used for discovering or assign¬
ing any Proportion of Weight in Bodies*
The False Balance makes Bodies of unequal
Quantities of Matter appear to have equal
Roman
Weight . Lastly, the St at era, or
Balance, commonly called the Steelyard, is •
a most useful Kind of universal Balance,
the Structure and Use whereof will be
easy to understand from the above Prin¬
ciples.
is an Instrument
II . The PULLEY
well known ; if single, it is reduced to the
Lever of the fifth Sort , or Balance, and
so affords no Advantage in raising Weights.
If two or more .be combined together in
the common Way , Then the Power is to
the Weight as Unity to the Number of Ropes
which goes to the Pulleys of the lower Box.
But there are different Ways of applying
Pulleys , whose Advantage or Power will be
obvious from a View of the Structure of
the several Sorts of Tackles, and the Expe¬
riments with them.
and AXLE (com¬
III . The WHEEL
monly call’d the Axis in Peritrochio) is the
third Mechanical Power . We easily fee by
its Make it is reducible to a Lever of the
first Sort ; and that therefore the Power is
to
M 3

«&5
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to the Weight , as the Diameter of the Axle
to the Diameter of the Wheel., in an Equi¬
librium in this Machine.

IV . The INCLINED
PLANE is
the fourth Mechanical Power , and from a
due Consideration of it, it will appear,
that , for an Equilibrium, the Power mujl
be to the Weight , as the Height of the Plane
to the Length.

V . The WEDGE is only a double In¬
clined Plane , intended to separate the Parts
of Wood , &c. which strongly cohere to¬
gether ; whence , in the common Form of
it, the Power will be to the Refjlance to be
overcome, as half the Thickness of the Wedge,
to the Length thereof

VI . The SCREW is the last mention ’d
Mechanical Power , whose Use is both for
Prejj ure
' and raising of Weights , but chiefly

the former .

The Power is to the Weighty

as the Velocity of the Weight to the Velocity of
the Power , that is, as the Difance between
two Threads of the Screw to the Circumfe¬
rence of a Circle described by the Power

(XXXVIII ).
We
(XXXVIII ) x. Notwithstanding the Demonstration
of the Fundamental Principle of Mechanics , as dcliver ’d
in the Lectures , is most natural and perspicuous ,
and
easily results from what has been said of the Momentum

of
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W E have here considered the Action or
Effect of each of these Machines , as they
would
Bodies and their common Centre of Gravity : Yet
Sir Isaac Newton has demonstrated the fame Thing
a different and most extensive Manner , which also
the Consequence of a different Principle , viz. the
Composition and Resolution of Forces and Ratios, it will
be proper to exhibit and explain that also, which is as
follows.
2. Suppose two Weights A, P, appended by the PI . VIII.
Strings M A, N P, at the Ends of unequal Radii Fig . 2.
O M , O N , issuing from the Centre O of any Wheel,
Weights will be to
;
in a State of Equilibrium those
each other reciprocally as O L to O K , that is, A : P
: : 0 L :0 K , or as the nearest Distances of their Lines
of Direction from the Centre reciprocally.
3. For on the Centre O with the Radius O L de¬
scribe an Arch cutting the Thread M A in D , and
draw O D , which continue out to E , to which draw
A E perpendicular , and compleat the Parallelogram
A E D C . Now since K L passes through the Centre
O , and is perpendicular to each String in the Points K
and L by Supposition ; it matters not whether the Body
A and P be suspended from the Points M and N , or K
and L , or D and L , since the Weight of the Bodies is
the same in either of those Points respectively.
4. Therefore let A D expound the whole Force of
the Weight of the Body A, and let it be resolved into
the two Forces D E and A E , of which the former
drawing directly from the Centre avails nothing in
moving round the Wheel ; but the other Part A E or
C D , acting perpendicularly upon the End of the Ra¬
dius O D , has the same Force or produces the fame
Effect as if it had acted perpendicularly at the End of
the equal Radius O L.
5. Therefore the Weight of P will be express’d by
D C ( or AE ) because of the Equilibrium ; and hence
the Weight of A is to that of P as A D to A E ; and
because of the similar Triangles A ED and DOK,
we
M 4

of
as
in
is
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would

answer

to

the

Strictness of the
Mathematical Theory , were there no such
thing
we have AD : AE : : DO (= LO ) : OK ; therefore
A : P :: O

L : OK.

6. If the Weight p, equal
(
to P ) suspended by the
string N p, does at the fame Time in part rest upon the;
inclined Plane p G ; let p Q_be drawn
to
p N, p H perpendicular to the Horizon,perpendicular
andH G thro'
the Point N perpendicular to p G ; Then will the Ten¬
sion of the String PN be to that of the String />N,
as p H top N , For suppose the Body p wholly sup¬
ported by the two Planes p G , p Q , it will press them
with its whole Force, which may be
by p H,
and which is resolvable into the two exprefs’d
Forces H N and
p N , of which the first presses the Planep G, and the
last the Plane p Q _; if therefore the Plane p be
re¬
moved, the fame Force will stretch the Strings N ;
,but since p ~ P , the Force with which P stretches the
String PN is as p H ; therefore the Tension of the
String P N is to that of the String p N as p II topN.
7. Let the horce of p to move the Wheel (as sup¬
ported on the Plane ) be called
Then P : x : : p H
.T
, . _
xX p II
AXOK ,
,
- P N j and so P = —jYf~ = - Q- j by
— (
5* ),
whence we have this Equation , x X p H X OL = A
X O K X p N ; therefore A : * : : pHXOL
: pNx
O K . But here it is to be observed that as the String
P N is changed into the Positions N , its nearest Dis¬
tance O L will become O R , so that the Analogy be¬
tween A and x corrected will be A : x : : p H X OR;

p N x O K.

8. From what is demonstrated it follows, ( 1.) Thaj
the Line K O L is a Lever , whose Power is always
cxprefs’d

by the

Ratio

(2. ) That the Lines M

O L , M O N , D O L , are also Levers of equal Force,
because the nearest Distance of their Lines of
Direction
from the Centre O is the same in all. (3.) Whenever
the Lever KL is moved, the Velocity of the Points
K ancf
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thing as Friction or rubbing of Parts
upon each other , by which means one Third

Pars
K and L will bo proportional to the Distances from
and O L . (4. ) Therefore the Velo¬
cities also, and perpendicular Spaces pafs’d through by
the Bodies A and P , will be proportional to th? said
Distances from the Centre.
9. Since P : A : ■KO : LO ; ’tis evident the Power
P may be in any Proportion less than the Weight A,
if its Distance from the Centre of Motion OL be in
the fame Proportion greater than the Distance of tho
Weight KO , and yet its Force or Momentum shall bo
equal to that of the Weight A . Whence the Nature
of a Lever for increasing a Power sufficiently appears.
10. If the Distances from the Centre OK = OL;
then will the Lever become a common Balance, because
then , in order to an Equilibrium, the two Bodies A and
P must have equal Weight.
11. If the Arms of the Balance KO and OL dif¬
fer but a very little in Length , there will be the fame
Difference in the Weights A and P . Whence if O K
: O L : : 31 : 32 : : P : A > and therefore if A is an Avcrdupois Pound , P will want ' an Ounce of it and yet be
in Equilibria. Hence the Nature of a False Balance is
evident ; and in order to detect it we need only inter¬
change the Weights , for then , in order to an Equili¬
brium, we must have KO : O L : : ( 31 : 32 : :) 32 :
33 A ; but of this there wants 2 5\ half Ounces , which
will render the Fraud very notorious.
12. The Arms of a Balance being nicely equated
in Weight and Length , and divided into an equal
Number of equal Parts , becomes the Proportional Ba¬
lance to be used without Scales. For any two Bodies
hanging on the Arms of this Balance in Equilibria, will
have the Proportion of their Weights exprefs’d by the
Numbers at the Divisions (whence they hang ) alter¬
nately.
13. If AC the shorter Arm of a Balance be made PI.VIII.
equal in Weight to C E the longer Arm , by the Ad¬ Fig- 3dition of the Ball A, so that the whole Beam A E
jnay

jthe Centre KO
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Part of the Effect of the Machine is, at a
Medium , destroy ’d, as is evident by an Ex¬
periment
may be nicely equipoised on the Centre of Motion C,

it then becomes the Roman Statera or Steel - yard
in
common Use. For if B be taken as a fixed Point from

whence to hang any Weight W , and P be any con¬
stant Weight , which by moving backwards and for¬
wards on the longer Arm C E , comes to a Point D
of the Equilibrium then
;
will P : W : : C B : C D ;
but because P and C B are given Quantities , or always
the fame, therefore W will always be as C D . Con¬
sequently if the Arm C E be divided into Parts each
equal to C B, and numbered ; the Number at which P
hangs will always shew how many Times P is contained
in W , and thence its Weight will be known.
14. If A D B E be a Pulley , upon which hang the
Weights P, W ; then since the nearest Distances of the
Fig. 4. StringsA W andB P, from the Centre of Motion C,
are A C and B C , the Pulley will be reduced to the
Lever or Balance A B with respect to its Power ; and
from thence it appears that since A C —B C , we fliall
always have P —W for an Equilibrium and
;
therefore
no Advantage in raising a Weight , dsV. can be had
from a single Pulley.
15. In a Combination of two Pullies A B and
D FE G , the Power is doubled ; for the Pulley D F E G
is reducible to the Lever E D , which must be considered
PI VIII as ^ xec*'n t ^ie Point E to the immoveable String HE;
vL c and
'
the Power acting at I) is equal to P, and the
®* 5’ Weight W is sustained from the Centre C of the Pul¬
ley, but P : W : : C E : D E ; therefore since DE =
2 C E , it is W — 2 P, or P — £ W.
16.

The

Force of the Pullies

may also be easily

shewn by comparing the Velocities of the Power and
Weight ; for it is evident, if the Weight W be raised
one Inch , each String H E , B D , will be shortened one
Inch , and consequently the String A P will be lengthen ’d
two Inches, and so P will pass through twice the Space
that W does, in the fame Time , whence its Velocity
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periment of the Inclined Plane . And far¬
ther , concerning Friction we are to ob¬
serve , that it is not proportional to the

Quantity
will be twice as great, and therefore it will be equipol¬
lent to a Body W of twice its Weight.
17. In the two other Forms of Bullies it is evident PI. VIII,
the Power P is to the Weight W as Unity or I to the Num¬ Fig . 6,7.
ber of Ropes going to the lower Pullies,' because if the
Weight be raised one Inch, each Rope belonging to the
lower Pullies will be shortened one Inch , all which
will go into the Rope to which the Power P is applied,
which therefore must descend through so many Inc hes
in the fame Time . Consequently the Tackle of Pul1es in the Form of Fig. 6. will increase the Power five
Times ; and that of Fig. 7 . will increase it fix Times.
18. In the Disposition of Pullies according to Fig. 8 . Fig . 8.
it is plain , since each Pulley has a fixed Rope, it must
be considered as a Lever of the second Sort, and so will
double the Power of the foregoing Pulley, and so four
Pullies will increase the Power sixteen Times.
19. For the Force and Conveniency of a Tackle of Fig . 9.
Pullies all together , none is equal to that in the Form
of Fig. 9 . where the uppermost Pulley is fixed, and
each has a Rope annexed to the Weight ; its Power is
therefore thus estimated. When the Weight W is
raised one Inch , the Rope A B will be lengthened as
much , and so the Pulley C will descend one Inch , by
which means the Rope C D will be lengthened two
Inches , and one by the Rising of the Weight W;
wherefore the Pulley E will descend three Inches ; and
thus the Rope E P will be lengthened six Inches by
that means (viz. three on each Side) also the Rising of
the Weight will cause it to lengthen one Inch more;
so that the Power P goes through seven Inches while the
Weight W rises one ; therefore P : W : : 1 : 7 ; and
thus you proceed for any other Number.
20.

The

Wheel

and Axle

is a Mechanical

Power

upon the fame Principle ; for the Weight W hanging
from the Axis A will be to the Power P, which keeps
it in Equilibria, inversely a? their Velocities ; but the
'
’ Velocities

Fig. 10.

sr
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Velocities are as the Circumferences of the Wheel aal
Axle ; which again are as their Diameters or Semidiameters, that is, as their Distances from the Centre of
Motion . If the Sppkes or Handles F , G , H, I, K,
ts' c. be added, the Power of the Machine is still farther
augmented in Proportion to their Lengths.
21.

That

the Inclined

Plane

is a Mechanical

Power appears sufficiently in its diminishing the Weight
of a Body laid upon it in regard to the Power which
fiolds it in Equilibria. Let A be a Body sustained on
the inclined Plane B D ; from the Centre C, draw CF
perpendicular to the Horizon or Base D C ; and C h
perpendicular to the Plane , then C F will represent the
whole Weight or Force of Gravity of the Body A,
which is resolvable into the two Forces C E and E F;
but the Force C E being perpendicular to the Plane
acts wholly upon it, and is equally re-acted on or
sustained by the Plape ; the other Force E F , being
parallel to the Plane, is that by which the Body descends,
or is kept from descending by an equal Power acting in
a contrary Direction. Therefore .the whole Weight of
the Body is to the Power which keeps it in Equilibria on
the Plane as CF to FE , or (because the Triangles
C F E and B J) C are similar) as B D to B C, that is,
as the Length of the Plane to its Height , as was more
particularly shewn in Annot. XXVIII . 1, 2.
22. The Power of the WED6M A C B H is evident
pi . VIII
from its consisting of two equal Inclined Planes A HC
Fig. n. and
B H C ; as it is chiefly yf use to separate the ad¬
hering Parts of Wood ; and since the Power of Co¬
hesion in Wood is every where variable and uncertain,
it is evident there can be no regular Calculation of the
actual Effect of the Wedge ; but if we suppose the
Power of Cohesion in the Wood A D JEB to be uni¬
form, or to make every where an equal Resistance to
the Wedge ABC, dividing its Parts AF and B G,
then the Power of the Wedge would be to the Resist¬
ance of the Wood , as their Velocities inversely, that
is, as the Spaces moved through in the fame Time,
that is, as the Height of the Wedge H C to Half its Width
A H , But the Wedge being only a double inclined
Plane , is not really a different Mechanical Power, tho’
usually reckoned as such.
I 2Z
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z3, In the Screw A B, suppose the Distance of the Pl .VIIL
Spiral Threads T*B of an Inch -, and the Length of the Fig , iL,
Lever F G — 16 i Inches , then will the Circles de¬
scribed by the Hand at F be — 16,5 X 6,3 = 103,9,

or 104 Inches nearly, that is, 1040 Tenths of an
Inch ; whence the Velocity of the Power is to that of
the Weight , as 1040 to 1 ; therefore the Screw is a
great Mechanical Power, either for raising Weights or
Pressure, even though we allow the greatest Part for
Friction ; but it is properly a Compound Power consist¬
ing of the Lever and Inclined Plane ; and therefore we
can find but four such as we can properly call Simple
Mechanical

Powers.
Scholium.

24. Having treated of the Simple Pendulum in the
preceding Lecture , and of the Nature of the Lever in
this; I shall here let the Reader fee how nearly these
two Instruments are allied, or rather shew him that the
Lever is in reality nothing but a Compound Pendulum,
from whence many Particulars concerning the Proper¬
ties of each, not hitherto mentioned, will occur worthy
of Observation.
25. Let CD be a fine Rod or Wire ( whose Weight PI. I* .
is inconsiderable) and moveable about the Point C . If Fig . I.
A and B be two Bodies (of the same Kind ) fixed at
any Distance Ca, C b on the Rod ; and then the Rod
permitted to descend freely ; the Bodies A and B will
begin their Motions with Velocities proportional to C a
andC b, and so their respective Momenta will be A X
C a and B X Cl , in the Points a and bby( AnnaU
XXXVIII .)
26. Now if A : B : : tnb : m a, then will A X a m
—B X b m ; and consequently the Point m will be th*
common Centre of Gravity between the Bodies A and
B (by Annot. XXXV . ) Wherefore since the Velocity
of the Point m is as C m, its Momentum will be as C m X
A -j- B ; and from the Nature of the common Centre
of Gravity , we have AXCu + BxCir
C « X
AXC « + BxCi
—
—
—Cm:
or
A -j- B ; and therefore
A+ B
by
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by putting C a == a, C b — b, and C m — d ,- then
~ —— d. Suppose the Moment the Rod C D
/\ -j- £>
began to descend, the Bodies A and B were to be dis¬
engaged from it in such a Manner as to descend upon it
freely ; then will they descend (not in the Curves ap
and b q, but ) in the Tangents a c and b d, describing
the Spaces ac, b d, which will be as the Inceptive Ve¬
locities Ca, C b; and of course when the Rod comes
into the Situation C d, the Bodies will be at c and d ;
it being in this Cafe C a : C b : : a c : b d : : C c : C d.
And mn will be the Line described by the common
Centre of Gravity.
27. At c and d, let us suppose the Bodies again fix’d
to the Rod , they will then constitute a Compound Pen¬
dulum, which will now vibrate forwards and backwards
through the Angle dCr, the Body A describing the
Arch ces, and B the Arch dfr, and the common
Centre of Gravity r the Arch n 0 I. As this Pendulum
vibrates, the Velocities of the Bodies will be every
where as their Distances, and greatest of all in the
Perpendicular Situation Cef: Where the Velocities of
the Points c, 0, f, may still be represented by a, d,
and b.
28. Now this Compound Pendulum is isochronous to
(/’. e. vibrates in the same Time with ) some simple
Pendulum of a determinate Length P Q . If then in
the Compound Pendulum C d there be taken C x —P Q,
the Point x is called the Centre of Oscillation in this
Compound Pendulum ; for if the Bodies A and B were
there fixed, the Times of Vibration would be the fame
then as now : To determine this Point therefore, is to
determine the Time of Vibration in any Compound Pen¬
dulum whatsoever.
29. In order to this ; let us once more suppose the
Moment the Bodies A and B come to the Points e ands
in the Perpendicular , they were disengaged from the
Rod , and were to ascend at the End of a String sepa¬
rately , with the Velocities they had acquired by their
Descent in the Points e and f. Then
the Altitudes i g
and k h, to which thev will ascend above the
Horizon¬
tal Line e i and f h, will be as the Squares of the Ve2
locities
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Iocities at e and f ; that is, as a a and b b ; as is evi¬
dent from what has been elsewhere shewn (Annotat.
XXVI . 2. 3. )
30. The Bodies A and B will in this Cafe arrive to
the Points g and h before their Motion will be destroy’d.
And it is plain that eg is less than ei or e s, because the
Body A is retarded in coming from C to r by the
Body B. Alsof h is greater than df orf r, because B
has its Motion quickened by the Body A. And as
when in passing from d to f, the perpendicular Spaces
descended through are as the Velocities singly, and the
Momenta as the Velocities and Masses of Matter con¬
jointly ; so on the other Side, in passing fromy and e
to h and g, the perpendicular Spaces ascended through
areas the Squares of the initial Velocities, the Momenta
will be as the Masses of Matter , and those perpendi¬
cular Spaces conjointly ; that is, as A a a and B b b.
31. Now in all Cafes, the Sum of the Momenta di¬
vided by the Sum of the Masses gives a Quotient ex¬
pressing the Velocity, or Ascent or Descent ot the Centre
of Gravity . ( See Art. 26 .) Therefore- ^ ^ —— d— the Ascent of the Centre of Gravity ; for the
Momentum of this Centre of Gravity is on both Sides
the Perpendicular Cf the fame at equal Distances , and
therefore it will always ascend or descend through the
same perpendicular Heights.
32. Having thus obtained the Expression of the De¬
scent of the Centre of Gravity , we have that for the
Centre x of Oscillation of course, for we have As C n :
~
Aaa -\- Bbb
A a a xj - - B b b x
C x \ \d :x
a + ~B
: . " aT + BT “ =
Descent of the Centre of Oscillation . But the Descent
is equal to the Ascent ; for the Point x is actuated and
moved in the fame Manner as the Body Q , which in
one Oscillation descends and ascends through equal per¬
pendicular Spaces, and those Spaces are always as the
Squares of the Velocities in the lowest Point ; and there¬
fore for the Point *, it will be as C x- — xx. Whence
,
AaaxA - Bbbx ,
,
we have -—,—- = x x and
:
therefore
Ad+ B d
Aaa
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A a a J- - B bb
— x — C x, the Distance of the Centid
Ai/ + Bi
of Oscillation from the Centre of Motion.
33
we had
^ ^ i = </
jj .v Because ( in Art. 26 .)j AB
if we substitute this Equivalent for d in the above Equa^
..
,
A a « -f- B AA
lion , we have —-;
therefore A a a
A a — b— = x and
-J- B bb — A a x
b xi IfenCe A a a — A a x ~
BAA — B Ax ; and so A a : BA : : A— x : x —
a
; that
is, A X C c B
: X C d : : x d : x c. From
whence it j
appears, that the Momenta os the Bodies or their Power
to move tht Pendulum, are inversely proportional to their \
Dijlancefrom this Centre;which is the true Definition
of the Centre of Oscillation.
34. Therefore when A : B : : A: a, and so A a —B A;
then also A— x — x — a, or x d —x c ;•
or the Centra
of Oscillation would bisect the Distance between the
Bodies A and B.
35. If <i — o, or the Body A be removed to the
Centre C , then Aaa o,
— and A a — 0 j whence x2=

1. IX.
)*r
m»g) 3-

B A — A, that is, the Instrument then becomes a
simple Pendulum C d.
36. If the Bodies A and B are not placed both on
one Rod , but on two Rods C c and C d, making an
Angle c C d, being united in the Angle C . Then these
Rods suspended on the Angle C will be the same Com¬
pound Pendidum as before, and th ? Centres of Gravity
and Oscillation n and x, when the Bodies are at rest,
will be both in the Perpendicular C x, as in the other
Cafe, and express’d by the fame Equations , viz. C n —
, Acti - BA
A <?<7-f- BAA And it
d —C
—
;
x —x —
A -fB
'
~~ Arf -f- BA
-Will oscillate in the same Time with the simple Pendu¬
lum P Q , when Cr = PQ.
37. If the Bodv A be supposed removed on the other
Side the Line E D , its Distance C r = a, is now ne¬
gative, or it will be — a in the Equations for the
—A stJ,- B A
Aaas- BAA
Centres ; thus d —— „ , ■^— 3 andx —
— A a -(B A
A+ B
because
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in this Cafe ’tis
because — a X — a — a a. Hence
very obvious that the Compound Pendulum is now be¬
come a Lever, whose Fulcrum is the Point C ; and A
may be consider’d as a Weight to be moved by the
Power B . And hence because when B ^ is greater than
A a , d will remain affirmative, therefore n the Centre
of Gravity will be in the Part C d, and so will cause B
to preponderate;
38 . On the contrary , if A a be greater than B b, then
will d be negative , or the Centre of Gravity n will be
in the Arm Cr , and cause the Weight A to descend.
But when A a — Bb, then — A a -L- B b s— , and d —
, that is, n or the Centre of Gravity will
A + B '
fall upon the Point C , and produce an Equilibrium ;
was before shewn to
and A : B : : b : a : : C d : C r. As
be the Property of the Lever . ( See Annot. XXXVIII ) .
39 . Thus also, with respect to the Centre of Ofcil,
B bb. , .
Aaa
, .
plain, in cafe of an
—— ;
- -lation , x — tis
— A a B-)- b
A a a 4- B bb
— b, we have x
Equilibrium where A a B

~ Infinite ; for since the Lever in this Cafe has no
Motion , it can only be isochronous to a simple Pendu¬
lum of an infinite Length , whose Times of Vibration
are infinitely great, and its Motions , of Course, not Plate IX.
sensible.
40 . It is farther evident , that the Centres of Oscil¬
lation and Gravity are both on the fame Side of the
Centre of Motion C ; and that when B b is greater Fi S- 4 than A a, the Centre of Oscillation will be somewhere
on the Side of B in the Line C d continued out ; if B b
exceeds A n but a little , it will be at a great Distance,
the Excess be greater, it will be nearer, as
as at q if;
it be very great, the Centres will be very
at p. If
when Bb is infinite with respect to
;
near, as at 0 and
A a, then the said Centre will be in the Centre of the
Body B;
41 . Let the Lever c C d be in Equilibria with the
Weights A and B ; and let it be required to raise the Fig . 5.
Weight A from c to ot, by the Power B ; then if B b

Vol . I.

N

be
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be ever so little greater than A a it will deseenti, till the

Lever comes to the Situation mz/ , as required. The
whole Action of the Machine consists in raising the
given We ght A to a given Height H, in a given Time;
and this Effect of the Machine will (cœteris paribus)
be greater as the Time is less. But the Time is the
Time of half the Vibration of the Lever ; and the
Times of Vibrations are less as the Intensity of the
Power B is increased, while its Distance continues the
fame, because the Distance of the Centre of Oscillation
is diminished.
42 . Now putting A = Body to be raised, H =
Height , and T — Time , then

m E — the Effect,

or Intensity of the Power B ; whence AH — ET —
whole Action of the Machine ; and therefore when
E T is least of all, the Machine will be in its greatest
Perfection ; because as E increases, T will decrease,
and though it be not in the fame Proportion, yet it will
cause that E T will become a Minimum at a certain
Limit ; as will be evident by the following Example.
43 . Suppose A — 100 Ib. and B — 10 Ib. and
;
if
Cc : C d 10
; ;
: 100 ; then there will be an Equili¬
brium’, in which Case T will be infinite, and therefore
also T E , and consequently cannot be express’d in
Numbers.
A sl(7+ B ^ _ ioo -}- iioo
44 ' IfB —ii Ib. then
— Aa -\- B b ~ —ioo -f -no
1200
10 — 120 nz x, the Distance of the Centre of Os¬
cillation , the Square Root of which 10,95 will
pro¬
portional to the Time (T ) of Vibration , ( see Annotat.
XXIX . ) This multiplied by E — 11, the Intensity of
the Power, gives 120,45 for the Expression of the
Action of the Lever in this particular Case.
45 . If B — 15 Ib. then , as before, we shall find
a: — 32, whose Square Root 5,66 X 15 ( — T X E)
— 84,9 the Lever, which is now lei's than before.
Again , suppose B or E = “O Ib. then we shall have
x — 21 , and its Square Root 4,6 ; then 4,6 X 20 —
TX E — 92, which is again greater than the last;
the
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Quantity of Surface , but to the Weight of
the incumbent Part ; as we shall also sliew
by Experiment (XXXIX );
As
the limit then is between il Ib. and 2d Ib. and is very
near 15 Ib. as will appear by the following Table;
where the Numbers in the second Column express the
whole Action of the Lever in Parts, of which the least
contains 100000, all which corresponds to the Intensities
the Power increased from 10 to 20 Ibi
Powers.
10
11
12

——
-

*3
14
15

-

Actions.
Infinite.
142360
114036
104677
101053
IOOO16

Powerst
15,16
l6
-

*7
18

IOOOOO
IOO368
IO1611

-

103397
105575

-

108330

*9
20

Actions.
—

46. This Consideration of the Power is but of little
Use in the Lever ; but as that is the most simple Ma¬
chine, it was best adapted to explain and exemplify this
Doctrine . In the Axis in Peritrocbio, and Pulley, it is
of greater Use, and should not be neglected ; but as it
is there a Business of great Difficulty and Labour, I
shall refer the Reader to S’Gravesande’s third Edition of
his Principia, where he may fee the Computations at
large ; the Result of which in general is, That the Power
which sustains the Weight in Equilibrio Jhould be increased
by one half in the Pulley and Axis in Peritrocbio , that
the Action of those Machines may be a Minimum.
(XXXIX ) The Doctrine of Friction is contain ’d
under the following Particulars , viz.
1. When one Body insists on another upon an hori¬
zontal Plane, it presses it with all its Weight , which
being equally re- acted on ( and therefore the whole Effect
of its Gravity destroy’d) by the Plane , it will be abso¬
lutely free to move in any lateral or horizontal Direct
tion by any the least Power applied thereto, provided
both the touching Surfaces be perfectly smooth or even.
N 2
2. But
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As to Compound Engines and Machines
, as they are various
they are as numerous
in
since we find no such Thing as perfect Politure
in the Surfaces of Bodies ( at least such as are
Evenness
or
produced by Art ) but an evident Roughness or Unevenness of the Parts in the Surface, arising from the Poro¬
sity and peculiar Texture of the Body, it is easy to un¬
derstand that when two such Surfaces come together the
prominent Parts of the one will in some Measure fall
into the concave Parts of the other, and therefore, when

2. But

an horizontal Motion is attempted in one, the fix’d
prominent Parts of the other will give more or less Re¬
sistance to the moving Surface by holding and detaining
its Parts, which is what we call Friction,.
3. Now since any Body will require a Force pro¬
portional to its Weight to draw it over a given Obstacle,
it follows that the Friction arising to the moving Body
will always be in proportion to its Weight only, and
not the Quantity of the Surface, by which it bears up¬
on the resisting Plane or Surface. Thus if a Piece cf
Wood four Inches wide, and one Inch thick be ground,
and thereby made exactly sit to the Surface of another
fix’d Piece of the fame Wood , it will require the lame
Weight to draw it along on the fame, whether it be laid
on its broad or narrow Side.
4. For though on the broad Side there be four Times
the Number of touching Particles (cateris paribus) yet
each Particle is press’d with but 5 of the Weight that
those are on the narrow Side; and since four Times the
Number multiplied by ^ of the W eight, is equal to \ of
the Number multiplied by four Times the Weight , ’sis
plain the Effect, that is, the Resistance, is equal in
both Cafes, and so requires the fame Force to over¬
come it.
5. The Reason why the Friction is proportional to
the Weight of the moving Body, is, because the Power
applied to move the Body must raise it in some Measure
upon and. over the prominent Parts of the Surface on
which it is drawn ; and this Motion of the Body, as it
•I

is

\ ^ r<\

'H -sl I
■

iSx
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la their Structure ; concerning all which
we may observe in general , that they con¬
sist
not upright , so it will not require a Power equal to
whole Weight ; but being in the Nature of the Mo¬
tion on an Inclined Plane,since
(
the Body bears on the
prominent Parts all the while) the Power which moves
it will be proportional to but a Part of its Weight only;
and this will vary with .the various Degrees of Smooth¬
ness or Asperity between the subbing Surfaces, and the
other concurring Circumstances.
6. I find by Experiment , that a Body ABCD of(
Wood , Brass, &c.) laid on the Surface EFGH, will
be drawn along by a Weight P, nearly equal to one
third of its own Weight ; if the Surfaces be hard and
well polifh’d, it will be less than a third Part ; but if
the Parts be soft or rugged, it will be much greater.
Thus also the Cylinder of Wood AB , if very smooth,
and laid on two well-polisti’d Supporters C, D , (having
been first oil’d or greas’d) and then charged with the
Weight of two Pounds in the two equal Balls G , H, it
will require an additional Weight xequal
(
to about a
third Part of the two Pounds ) to give Motion to, or
overcome the Friction of the said Cylinder.
7. Now this additional Weight , as it causesa greater
Pressure of the Cylinder , will likewise encrease the
Friction , and therefore require the Addition of another
Weight y, equal to the third Part of its own ; for the
same Reason the Weight y will require another z, a
third Part less ; and so on ad infinitum. Hence upon
Supposition that the Friction is precisely equal to a third
of the Weight, the first Weight with all the additional
ones, viz. 2,
f , *7, &c. will be a Series of Num -,
bers in Geometrical Progression decreasing. Now the
Sum of all those Terms , except the first (i . e. the Sum
of all the infinite Number of additional Weights x -|- y
-f- z, &c.) is found (by a well known Theorem in
Arithmetic ) to be equal to one Pound. So that if the
Weight of the Cylinder be inconsiderable, the Way to
over*
is

its

•
PI. X.
Fig . i.

Ps X2.
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fist of one , two , or more of the Simple
Powers combined together ; that in most
of

PI. X .
Fig . i .

overcome the Friction would be to double the Power G,
or H at once.
8. But though we may at a Medium allow about a
third Part of the Weight with which any simple Ma¬
chine is charged from the Friction arising from thence,
yet this is very precarious and seldom the Case ; for if
A B C D be a Piece of Brass of six Ounces , and EFGH
be also a Plate of Brass, and both the Surfaces well
ground and polish’d, the Weight P of near two Ounces
will be requir’d to draw along the Body AC alone;
but if AC be loaded with 6, 8, or io Ib. then a sixth
Part of the Weight will be sufficient to draw it along
the Plane. If the Plane be covered with a linen or
woollen Cloth , then a third , or half Part , and some-,
times more, will be requisite to draw it along on the
Plane.
y. Yet notwithstanding the Difficulty and Uncer¬
tainty attending the Estimation of the Quantity of
Friction , ’tis still a most useful and necessary Enquiry
how, and by what Means the Friction of any Machine
may be abated or diminished. In order to this we must
consider it mechanically, that is, we must consider Fric¬
tion as a Force acting againsta Power applied to overcome
it . Thus suppose AB an upright Stem or Shaft turn¬
ing freely in the Socket B fix’d in the Table or Plane
IK LM j and AC , DE two Arms fix’d in the said
Shaft, the latter of which DE has three Pins going
into a Socket in the Middle of a heavy Weight at F,
G , or H, in such a Manner , that when a Power ap¬
plied at C moves the Lever AC , it causes the Lever
IDE to protrude or thrust along the Weight at F , G,
or H, in a circular Manner upon the Table.
io . Now since we suppose the Weight all the while
it is in Motion is freely and wholly supported by the
Plane , it follows that all the Resistance it can give to
the Power applied at C , is only what arises from its
Friction on the Plane. What this Friction is, will be
found
3
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of them the Axis in Peritrocbio, the Lever,
and the Screw, are the constituent Parts;
that
found by applying the Weight at G , so that BG be
equal to AC ; for then the Power applied to C, acting
in a Tangent to the Circle CRS , that shall just move
the Weight G , will be equal to its Friction ( by Annot.
XXXVIII . 10. ) But if the Weight be applied at F,
because B F is greater than A C, the same Power at C,
as before, will not move it, because here its Force is
increased by having a greater Velocity than the Power;
as on the other Hand, if placed at H, a less Power at
C shall move it, because of its having there less Velo¬
city than the Power . All which is plain from the
Properties of the Lever, demonstrated in Annotat.
XXXVIII.
11. Hence we understand, that though the Weight
of a Machine remains the same, yet the Friction may
be diminished by contriving that the Parts on which
it moves and rubs shall have less Velocity than the
Power which moves it . Thus if the Cylinder AB
were to move on the two small Pins or Gudgeons E , F,
the Friction would be abated in the same Proportion as
the Diameter of those Gudgeons is less than the Dia¬
meter of the Cylinder.
12. The Friction on these Gudgeons is still farther
diminilh’d by causing them to move on the Circumfe¬
rence of a Wheel ; thus let F be the Gudgeon of the
Cylinder revolving on the Wheel CDF; the Velocity
of the Wheel ’s Circumference will be the same with
that of the Gudgeon ; but the Velocity of the Wheel ’s
Axis AB (which is now to be considcr’d as the rubbing
Part ) is less than that of the Wheel in Proportion as
its Diameter is less than that of the Wheel . For Ex¬
ample, if the Friction of the Cylinder moving on its
Surface be -(■Part of the Weight , and the Gudgeons be
to the Cylinder as 1 to 10, they will reduce the Priction to As Part ; and if again the Axis of the Wheel be
to the Wheel as 1 to 10, the Wheel will reduce it to Ae
Part ; and if the Axis of this Wheel be laid on the
Perimeter
N 4

4
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that in all, a certain Power is applied to
produce an Effect of much greater Mo¬
ment ; and that , in the last Place, it is
known , that the greatest Effect or Perfec¬
tion of the Machine is then , when it i§
set {o work with four Ninths of that Charge
which
Perimeter of another Wheel , the Friction will be re¬
duced to a still lesser Part of the Weight , and so you
may proceed to diminish the Friction ad infinitum.
Hence Wheels applied in this Manner are called Fric-

PI. X .

Fig . 5.

TION- Wheels,
13. Besides what we have now premised, somewhat
farther is necessary to be understood to diminish Friction
by Wheel- Carriages. It was before observ’d that Fric¬
tion arose chiefly by lifting the Body over the prominent
Parts of the Plane on which it moved ; now if we can

contrive to move the Body along without listing or
sustaining its Weight , we shall move it without much
Friction , and this may be done by laying the Body on
any moveable circular Subject, as Rollers, Wheels , £1fc.
Thus let AB be the Section of an heavy Body laid on
a Roller E F , upon the Plane C D , and drawn by the
Power P ; ' tis evident when A B moves, the Asperity
of its Surface will lay hold on that of the Roller , and
move it likewise; and ' tis as plain, that when the Body
A B is drawn against the prominent Parts of the Roller,
they immediately give way, and make no Resistance ;
thus the perpendicular Diameter ab yields into the Situ¬
ation ef, and ed succeeds in its Place. By this circular
Motion of the Roller , its prominent Parts below do
only descend, and move upon, or over, and are not
drawn against the fix’d prominent Parts of the Plane,
and so receive no Resistance from them ; hence the
Body AB is convey’d along without being lifted up, in
the Manner as a Wheel is moved by a Pinion, with¬
out any considerable Resistance. And this is the true
Foundation of the Theory of Wheels, or Doctrine of
Wheel- Carriages.
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which is equivalent to the Power , or will
but just keep the Machine in Equilibria

(XL).

The

(XL ) i . To demonstrate this Proposition, I shall PlateX.
chuse a Water -Wheel A D E F , driven round by a Cur - Fig . 6,
rent of Water G A, striking the lower Float -Boards A
jn a perpendicular Direction , in the Manner of an un¬
dershot Mill . Now if the Wheel be not loaded or
charged with any Weight , but moves freely on the
Gudgeons of its Axis C, then the Water , coming on
the Floats, will put the Wheel in Motion , and acting
upon it continually will soon accelerate its Motion so
far, as to give it a Velocity equal to its own.
2. But if the Axle of the Wheel C be charged with
a Weight P, which it is obliged to raise, this will give
Resistance to the Wheel , and diminish its Velocity, or
cause it to move flower than the Water ; as the Weight
P is increased, the Motion of the Wheel will be proportionably retarded ; till the Weight P, coming to
have an equal Momentum with the Water , the Wheel
will lose all its Motion , or be reduced to a State of
Equilibrium.
3. Now let F — Force of the Water , V — its Ve¬
locity, v — Velocity of the Wheel , P —Weight that
holds the Wheel in Equilibria, z — Weight raised by
the Wheel in Motion . Then the Difference of those
Velocities, viz. V — v will be that with which the
Water strikes the Wheel ; and since the Force of Strik¬
ing Fluids is always as the Square of the Velocity , (as
will hereafter be shewn) and Causes are proportional to
their Effects, we shall have V— v* always proportional
to z ; and when v — 0, we shall have z z P ; and
then V1 will be as P, lo that it will always be V 2: P
-— *
J . vsH
: : V—v : z ; and so - — V — v and v 3

_

V?

WP - V^/z

v/p

•

4. But
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is a compound En¬

gine , where the Weight

is the Power ap¬
plied ;

4. But from the Principles of Mechanics, we have
the Radius of the Wheel AC (— R) to the Radius of
the Axle C B (= r) as the Velocity of the Wheel v
to the Velocity of the Weight z ,• that is, R : r : :
V s? Vy/
—
'z r. _V x . / P—a/z Velocity
of 2.
v/p
R
\/P
Which Velocity of the Weight being multiplied by the
„
_ rV
z »/P—
Weight z, gives an Expression-^ X — for the Effect of the Engine.
5. This Expression is to be determined to a Maxlmum

by making the Fluxion of

Z y/

'

P

-

Z s/

Z

rV
equal to Nothing, ( the Part

glect.)

* V/T7 2Let-

being constant, we ne-

y/ Z_
=h

_
then 2 •/ p ~

2

%
/ z —z X Ps — z * = y X Pi — y,because
(
Pi j§
constant) thereforez Pi — ) z ^z —y = 0; hence z Pi
— \ z 12 , thereforeP* = | zx ; whence P = z£ , and
z — %P ; that is, the Weight z, when the Machine is
in its greatest Perfection, is equal to J of the Weight P,
that will keep it in Equilibria. E .- T. D,

6. Hence, if

in the

Expression
v= ^^ ^

z

v/P
we substitute the Value of z, viz . ~ P , we (hall have
v — V/P - Vv/TP
orv ^/P — V ^/P

v/P

v/ £ P— V X t v/P , therefore v = j V. That
is,
the Velocity of the Wheel (v) is equal to the Third
Part of the Velocity of the Water, when the Machine
js in the greatest Perfection,
7, When

Mechanics.

plied ; the Friction of the Parts , and the
Weight with which the Spit is charged , is
the Force to be overcome ; and a steady,
uniform Motion , by Means of the Fly , is
the
7. When the Wheel is kept in Equilihrio by the
Weight P, we have F : P : : C B ( — r) CA
:
(= R)
FR
by the Principles of Mechanics ; whence we have —
r .
FR
— P ; whence z = ( £ P = ) % -; which Values of z
and P, substituted in the Expression

R

X Z-

V?

will give fy V F for the Exponent of the greatest Effect
of the Engine.
8. To illustrate this by Example ; suppose G A a
Body of Water issuing from an Aperture in the Pen¬
stock en: Foot Square, and four Feet below the Surface
of the Water -Head ; in this Cafe the Force of the
Water F — 250 Ib. and the Velocity V == 16 Feet per
Second (as will appear hereafter) ; whence fyV F ~
4 .X 250 X 16 _ ^
27

^

ancj tjjjs j s rhe greatest Effect

of the Engine ; now if R : r 8: : : 1 ; then P —
FR
—
r — 2000 ; and z = £ P = 888,0 Ib. And its Vclocity will be I of j of 16, or § of a Foot per Second.
To prove the Truth of all that has been said, one need
only take z either greater or lesser than 888,9
^ud
TV %

then the Expression for the Effect of the Engine ■— -X
V/P -

V/*

-, will give a Number in each Cafe less
v/P
than 592,6 ; which therefore is the Maximum, as above
found.
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End

or

Intention

of

the Machine

(XLI ).
In
(XLI ) I . The Fly is the only Part I shall here
take Notice of in the Chimney-Jack , and shall explain
its Nature and Use both there and in other Mechanical
Machines . For it may be applied to any Sort of En¬
gines to very good Purposes, which have a quick and
circular Motion , and where the Power or Resistance
acts unequally in the different Parts of a Revolution.
2. The Use of the Fly is to facilitate the Motion of
Engines , by accumulating and retaining the Power
communicated to it, and exerting it gradually and
equally in each Revolution of the Machine ; whence it
comes to pass that the Motion of the Machine is ren¬
dered very nearly uniform and of an equal Tenour in
all Parts of the Revolution , and therefore more easy,
pleasant, and convenient to be acted by the impelling
Power . For neither the Strength of Men , nor other
Powers or Resistances affecting the Engine , can or do
act equally and uniformly in every Part of a Revolution.
Thus Meat on a Spit gives always more Resistance on
one Part than another, by which Means the Motion
would be so irregular and jolting , that it would soon
become shaken and loosed from the Spit, and so not be
carried round, were not this Irregularity prevented by
the Fly.
3. The Fly does not add any new Power to an En¬
gine, as some have imagined ; as is evident for the fol¬
lowing Reasons. ( 1. ) The Fly has no Motion bqt
what it receives at first from the Machine . (2.) A De¬
gree of Force is always necessary to maintain the Mo¬
tion of the Fly , which must be supplied from the Mar
chine. (3.) The Friction of the Pivot, Screw, ESk.
of the Fly is a Resistance to the imprefs’d Force, and
must abate it. (4.) The Air likewise makes Resistance
to the Weights at the End of the Fly . Upon all which
Accounts it is easy to understand, that the Fly , instead
of adding, does very much decrease or lessen the Power
impressed on the Machine.

4. Th?
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, &c. the
In CLOCKS , WATCHES
Power is the Weight or Spring ; the Force
to
4. The best Form for a Fly is that of a heavy Wheel
or Circle , of a fit Size ; for this will meet with less
Resistance from the Air ; and being continuous, and
the Weight ever where equally distributed through the
Perimeter of the Wheel , the Motion wist be more easy,
equable, and regular. In this Form the Fly is most
aptly applied to the perpendicular Drill , where it not
only gives Weight and Regularity of Motion , but con¬
tributes to keep the Drill upright by its Centrifugal
Power.
5. In this Form it is also best applied to a Windlass or
Common Winch, where the Motion is pretty quick ; for
when a Man turns the bended Handle of the Winch,
his Strength is not, nor can be equally exerted in every
Part of the Revolution ; for in pulling upwards from
the lower Quarter , he can exercise more Power than in
thrusting forward in the upper Quarter , where, of
course, Part of his former Force would be lost, were
It not accumulated and conserved in the equable Mo¬
tion of the Fly . By this Means a Man may work all
Day in drawing up a Weight of 40 Ib. whereas 30 Ib.
would create him more Labour in a Day without the Fly.
6. The Fly is sometimes made use of to increase the
Force of Mechanical Engines , as of the Lever and
Screw, in that for Stamping of Money rn the Mint.
Here the Power exerted by the Man is accumulated by
the large Weights at each End of the Lever ; the Le¬
ver increases and communicates it to the Cylinder, up¬
on which it is fixed ; the Screw does again increase or
condense it upon the Medal, by Means of which the
Impression of the Image is made.
7. The great Power of this ( or any other Machine
of this Kind ) may be thus computed . Suppose the Arms
of the Fly 15 Inches each, or the Length of the Lever 30
Inches, and each Weight to be 50 Ib. and the Diameter
each
of the Cylinder at the Screw to be one Inch. If
Stroke be made in a Half -Circle , which will be four
Feet, and in half a Second of Time , the Velocity (be¬
ing
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to be overcome is the Friction of the nu¬
merous Parts, which are chiefly a Combi¬
nation of Wheels and Axles , whose Use is
to divide a large Portion of Time , as a Day
or Hour^ into very minute equal Parts, as
Minutes , Seconds, & c. and to point out those
Divisions by an equable Motion of a proper
Hand or Index round a graduated Circle
(XLII ).
In
Ing equably accelerated by the continued Action of the
Man ) will at the Instant of the Stroke be at the Rate of
eight Yeztper Second ; therefore 8 X 100 st. = 800 Ib.
for the Momentum of the Lever or Fly . But since the
Diameter of the Screw is but ^ of the Length of the
Lever , we shall have 30 X 800 Ib. 24000
—
Ib. for the
Momentum of the Engine , which is equal to that of
IOO Ib. falling 120 Feet ; which prodigious Force is still
farther increased for coining larger Pieces of Money, by
increasing the Weights and Arms of the Fly.
(XLII ) 1. I shall here strew the Principles of Watch
and Clock -Work , and how to calculate the Numbers
for the Movements, in as clear and compendious a Man¬
ner as I possibly can. In all Automata, or Machines of
Clock -Work , there is a natural Agent or Principle of
Motion ; which , by acting on one Part , gives Motion
to that , and all the other Parts depending upon it, and
thus becomes the Primum Mobile, or first Mover to the
whole Machine.
2. In common Clocks and Watches this is of two Sorts,
viz. A Spring or a Weight
; either of which may
be made to act with any determinate Force ; the Spring
by its Elajlicity, and the Weight by its Gravity. In
these Machines this Force is required to be such as will
overcome the Vis Inertia and Friction of all the Parts in
Motion ; which in Watches is very inconsiderable, but
in Clocks is much greater, and that in proportion as
they are more compounded.
3. The
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z. The Manner in which a Weight acts upon the
Cylinder, about which the Line or Cord (to which it
hangs) is wound, is easy to be understood by all ; but
the Action of the Spring coi'i’d up within the Cylindric
Barrel or Box of a Clock or Watch , is somewhat more
nice and mysterious ; and the Manner how it acts upon
the Fusee always with an equal Force by means of the
Chain, and the proper Figure of the Fusee for that
Purpose, is next to be explain ’d.
4. The Chain being fix’d at one End to the Fusee,
and at the other to the Barrel , when the Machine i»
winding up the Fusee is turn ’d round, and of course the
Barrel; on the Inside of the Barrel is fix’d one End of
the Spring, the other End being fix’d to an immoveable Axis in the Centre . As the Barrel moves round,
it coils the Spring several Times about the Axis, there¬
by increasing its elastic Force to a proper Degree ; all
this while the Chain is drawn off the Barrel upon the
Fusee; and then when the Instrument is wound up, the
Spring by its elastic Force, endeavouring constantly to
unbend itself, acts upon the Barrel, by carrying it
round; by which means the Chain is drawn off from
the Fusee, and thus turns the Fusee, and consequently
the whole Machinery.
5. Now as the Spring unbends by Degrees, its elastic
Force, by whi .h it affects the Fusee, will gradually de¬
crease; and therefore unless there were some Mechani¬
cal Contrivance in the Figure of the Superficies of the
Fusee to cause that as the Spring is weaker, the Chain
shall be removed farther from the Centre of the Fusce,
so that what is lost in the Spring ’s Elasticity is gained in
the Length of the Lever ; I fay, unless it were for this
Contrivance the Spring’s Force would always be une¬
qual upon the Fusee, and so would produce an un¬
equable Motion of the Parts of the Machine.
6. The Figure of the Curve , which fir all form the pj
Superficies of the Fusee by a Revolution about its Axis,
j '
may be investigated as follows. Let BCD be the
°
Curve, AL the Axis of the Fusee produced ; let D be
the Point where the End of the Chain is fix’d on the
Fusee when the Watch is down, or the Spring uncoil’d, and B the Point where it touches it when the
Spring
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Spring or Machine is wound up. From the Points B
and D let fall the Perpendiculars to the Axis B A and
DH ; in which produced, let there be taken AE and
HI proportional to the Force or Strength of the Spring,
when the Chain is at B and D . Through E, I, draw
the Right Line ElK intersecting the Axis somewhere
in K ; and from any Point C in the Curve, draw CF
perpendicular to the Axis in G ; then will F Cr be as
the Strength of the Spring when the Chain is as G.
7. Now , since the Force acting on the Fusee ought
always to be uniformly the fame ; and this Force be¬
ing always as the Strength of the Spring exprefs’d by
F G , and the Distance at which the Chain acts from
the Axis of the Fusee conjointly : Therefore the Force
at any Point C will be as the Rectangle FG X GC,
and since this is a given Quantity it may be made F G
X GC “ al, and

FG — Cj C
8. Therefore to determine the Equation of the
Curve BCD , let LH - s, HI = Z>, HG = *, and
GC —y. Then because of the similar Triangle HKI
and G K F , we have H K : H I : : GK : F G =
;
— ; that is, a : b : : ax
whence
: —;
we have aa —
y
y
a yf- - xy, which is the Equation of the Curve, and
shews it to be of the Hyperbolic Kind.
9. The Form or Figure of the Fusee being thus de¬
termined by the given Force of the Spring in the Points
B and D , and the Points G taken at Pleasure succes¬
sively from H towards A ; we next consider that it is
acted upon, or put into Motion , by an uniform Force;
by which means also the Great Wheel, which is fix’d
to it, is put into Motion , and that drives the Pinion
of the Centre Wheel, which Centre Wheel drives the Pinion
of the Third Wheel, and this drives the Pinion of the j
Contrate Wheel, and this the Pinion of the Balance Wheeli
which plies the two Pallets on the Axis of the Balance,
and keeps the Balance in Motion.
10. The Balance in a Watch is instead of the Pendu¬
lum in a Clock ; both serving to govern the Motion
of the whole Machinery . To this Balance is fix’d a
small Steel spiral Spring which regulates the Motion
thereof.
so we have
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thereof , and makes it equable ; whence its Name of
Regulator. N . B . The Reader will do well to have his
Eye upon the internal Parts of the Watch as he reads this
Description,
11. When the Watch is wound up, the Chain from
the Spring exerts a Force upon the Fusee, which gives
Motion to all the Parts of the Machine in the following
Manner ; which will be easy to understand when the
Number of Teeth in each Wheel , and Leaves in the
Binivns which they drive, are specified. And these in
Modern Thirty -Hour Watches are as follow:.
Teeth.
LeavesGrcat -Whcel
— 12
48 Centre -Wheel
6
54 Third -Wheel
6
48 Contrate -Wheel 48 — 6
Balance-Wheel 15 — 2 Pallets,
12. Hence ’tis ca fy to understand how often anyone
Wheel moves round in the Time of one Revolution of
that which drives it. Thus the Grcat -Whcel .on the
Fusee, having 48 Teeth , and driving the Centrc -Wheel
by a Pinion of 12, must cause the Centre- Wheel to
tnove round 4 Times in one Turn of the Fusee. And
so for all the rest, as below.
12)48(4
6 )54(9
6)48(8
6 )48(8

— Turns
— Turns
— Turns
— Turns

of
of
of
of

the
the
the
the

Centre -Wheel.
Third -Wheol.
Contrate -Whccl.
Balance-Wheel.

13. Whence it follows that the Turns of each of
those Wheels respectively in one Turn of the Fusee,
will be had by multiplying those several Quotients to¬
gether successively, as follows :
1 Turn of the Fufee or Great -WheeL
4X1 — 4 Turns of the Centre -Wheel.
9X4X1 — 36 Turns of the Third -Wheel.

SX9X4X1 = 288 Turns of the Contrate -Wheel.
8X8X9X4X1 = 2304 Turns of the Balance-Wheel.
14. The Balance-Wheel having 15 Teeth , and each
sirik ng a Pallet twice in one Revolution , there will be
Vol . I .

O
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30 Strokes upon the Axis of the Balance, which wii
Call the Beats of the Balance ; and therefore there will
be 2304 X 30 = 69120 Beats in one Turn of the Fusee

or Great -Wheel.
15. The Centre -Wheel is that which we must have
the principal Regard to in the Division of Tun: the
;
Wheels beyond this , towards the Balance, serving only
to multiply the Strokes of the Balance,- and cause it to
move with an insensible Power, and be thereby subject
to a more perfect Regulation . But the Centre-Wheel
is that upon which both the Hour and Minute- Hand is
moved or carried round upon t . e Face of the Watch
to indicate the Time , viz. the Hour of the Day , or
Minute of the Hour,
16. Since the Time of the Watch ’s going is 30
Hours , and the Minute Hand, and consequently the
Centre -Wheel , goes round once in an Hour , the said
Centre -Wheel will have 30 Turns in the Time of the
Watch ’s going ; and because it has four Turns in One
of the Fusee, therefore 4 )3^ —
—the Number of
Turns of the Fusee in winding up the Watch . Whence
69x20 X 7,5 — 518400 — the Number of Beats dua
ring the whole Time of the Watcn ’s going.
ij. if then we divide 518400 by 30, we shall have
the Quotient 17280 = Number of Beats in an Hour,
which is call’d the Train of a Watch ; and it is said
to be a swifter or sower Train as the Number of Beats
in an Hour is greater or lesser. If we divide the Train
17280 by 3600; the Seconds in an Hour, the Quotient
will be almost 5 ; that is, there will be near 5 Beats
■per Second in such a Watch.
18. From this Analysts of a Watch , it will be easy
to form an Idea cf the Manner of Calculation sot the
Numbers of the Teeth and Leaves for the several
Wheel 's and Pinions throughout the Work ; and I shall
endeavour to facilitate and illustrate this by an Example
of the Numbers of a Watch whose ‘Train is 14400,
and which therefore wiil beat Quarter -Seconds, be¬
cause such a one will be useful for many Philosophical
Purposes, as well as the common Measure of Time.
19. The Time which this Watch shall go, may be
32 Hours ; then 14400 X 32 — 460800 — the Beat:;
of
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of die Ealance in the whole Time . Suppose the Num¬
ber of Turns in the Fusee be 8 ; then 8)46oSoo( = 57600
= the Beats in one Turn of the Fusee. Again , let the
Number of Teeth in the Balance-Wheel be 15, there
will be 30 Beats in one Turn of this Wheel ; then
3o )576oo (= : ig20 >which will be the Numb r arising
from the continued Multiplication of all the Quotients
of the Wheels , divided by the Pinions they drive from
the Grcat -Wheel to the Balance-Wheel , as will be easy
to understand by Art. 12 , 13.
20. The Business is now to break this Number into
4 convenient small Numbers , which multiplied together
shall make the fame Number 1920. This may soon be
done by a few Trials ; thus suppose I take the Num¬
ber 4 for one of them ; then 4 ) 1920(480. This
Number , 480, I plainly fee can be divided by 6 with¬
out a Remainder ; therefore 6)/,.8o( = 80 ; and as
I plainly fee that 8ci = 8 X 10, therefore the four
Numbers sought are 4, 6, 8, and 10. For these, multi¬
plied together, make 1920, viz. 4X6X8X10 — 1920.
21. Having thus got the Quotients , it will be very
easy to find what large Numbers , divided by small ones,
will produce the said Quotients ; thus i2 )48( — 4;
wherefore, if I allow 48 Teeth to the Grcat -Wheel on
the Fusee, it must drive a Pinion of 12 en the CentreWheel.
22. In the next Place, for the Quotient 6, I chuse
the Numbers $4 and 9 ; thus 9)54( = 6 ; which shews
that the Teeth of the Ccntre -Whecl may be 54, and it
must then drive a Pinion of 9 on the Third -Wheel.
Or , if instead of 54 and 9, I rather make Choice of
48 and 8, it will answer the fame End ; for 8)y8 ( = 6,
as before.
23. Then for the Quotient 10, ’tis easy to see, that
and 5 Will produce it, viz . s )$c ( = io. That
is,
the Third Wheel having 50 Teeth must drive a Pinion
of 5 on the Contrate -Whecl . If the said Wheel has
40 , or 60 Teeth , and drive a Pinion of 4 or 6, the
fame Number of Turns will be obtained.
24. Lastly, for the Quotient 8, we have the Num¬
bers 48 and 6 ; for 6 )4^ — 8 ; or 7 )e6( = 8 ; or
5)4C( — 8. Whence if the Cohtrate-Wheel be alO 2
lov/’d
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low’d 40, or 48, or 56 Teeth , it must drive a Pinioii
of 5, 6, or 7 Leaves on the Balance-Wheel.
25 . By this Means all the Wheels and Pinions are
determined, and adjusted in the Body of the Watch
from the Fusee to the Balance ; but all that v/e have
hitherto done shews only the Minutes of an Hour, and
Seconds, or Quarter Seconds of a Minute ; but nothing
has yet been mention ’d relating to the Mechanism for
shewing the Hour of the Day, of which we shall treat
in the next Place.
26. This Part of the Work lies conccal’d from Sight
PlateXI .
between the upper Plate of the Wateh -Frame and the
Pin-. 2.
Dial -Plate ; and since few People have the Opportunity
of viewing this Worky I have here represented it by a
Figure ; wherein ABC is the uppermost Side of the
Frame -Plate, as it appears when detached from the
Dial -Plate ; the Middle of this Plate is perforated with
a Hole receiving that End of the Arbor of the CentreWheel which carries the Minute -Hand ; on this End of
the Arbor , near the Plate, is six’d a Pinion ah of 10 Teeth ;
this is call’d the Pinion df Report ,- it drives a Wheel
ed of 40 Teeth ; this Wheel cd carries a Pinion cf of
i 2 Teeth , and this drives a Wheel gh with 36 Teeth.
27. As in the Body of the Watch the Wheels every
where drive the Pinions , and so quicken or increase the
Motion ; here, on the contrary , the Pinions drive the
Wheels , and by that Means decrease the Motion , which
is here necessary; for the Hour -Hand , which is carried
by a Socket fix’d on the Wheels , is required to move
but once round, while the Pinion ah moves 12 Times
round . To this End the Motion of the Wheel cd is +of the Pinion ah, because 10)40 ^—4. Again , while
the Wheel cd, or the Pinion ef, goes once round , i?
turns the Wheel gh but ‘ Part round , for 1?.)g6 ( —3.
Consequently the Motion of gh is but f of * of the
that is, the Hour -Wheel
Motion ah ; but ^ of ' —
gh moves once round in the Time that the Pinion of
Report on the Arbor of the Centre or Minute - Wheel'
ma ices twelve Revolutions, as requir 'd.
28. Having thus shewn the Nature and Manner of
tire MsJunism os a Watch, the Structure of that Part
of
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of a Clock , which is concern’d in shewing the Time,
will easily be understood , especially as it is represented
in the Draught . The Mechanism of a Clock consists
of two Parts , one to Jhnv the Time, the other to report
How each of
it, by striking the Hour upon a Bell.
these is effected, I shall shew by the following Steps.
29 . Each Part is actuated or moved by Weights, as PlateXI.
in common Clocks , or Springs included in Boxes or Fig - 3Barrels , as A ; this Cylinder moves the Fusee B, and
the great Wheel C , (to which it is fix’d) by the Line
or Cord that goes round each, and answers to the
Chain of the Watch . The Method of Calculation is
here nearly the fame as before. For suppose here the
Great -Wheel C goes round once in twelve Hours j
then if it be a Royal Pendulum Clock , swinging Seconds,
we have 60 x 60 X 12 = 43200 Seconds or Beats, in
one Turn of the Great -Wheel.
30. But because there are 60 Swings or Seconds in
one Minute , and the Seconds are shewn by an Index
on the End of the Arbor of the Swing-Wheel (which in
those Clocks is in an horizontal Position) therefore
’tis necessary that the Swing-Wheel should have 30
Teeth . Whence 6o )432Qo( = 720, the Number to
be broken into Quotients for finding the Number of
Teeth for the other Wheels and Pinions , as before, in
Art. 20.
31. But since the Minute -Wheel D goes 12 Times
round in one Turn of the Great -Wheel C , we know
one of the Quotients must be 12 ; whence iz )’] 20{ —
bo ; and 60 is compounded of 6 X 10, or, 8 X 7,5.
So that cither 6 and 10, or 8 and 7- are the two ether
Quotients ; but the latter Numbers are preferable to the
former , as affording a greater Uniformity of the Parts
and Ease in the Execution . Therefore 8)6o( —7^ ;
hence if we give 60 Teeth to the Middle or MinuteWheel D , it drives a Pinion of 8 on the ContrateWheel E.
32. The other Quotient 8 will give us 8)64 ( —8,
or 7)zb(—8 ; that is, if we give 64. Teeth to the Contratc-Wheel E, it must drive a Pinion of 8 on the Ar-
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hor of the Swing-Wheel . Eat if only 56 be allow’d,
then it must drive a Pinion of 7, and these last Num¬
bers are now generally used. Thus much for the Time
Part , as far as the Minutes and Seconds : As for the
Pinions and Wheels to strew the Hours, they are the
fame as was before shewn in the Watch , Art. 26 , 27.
33. In Spring Clocks the Disposition of the Wheels
in the Watch Part is such as is here represented in the
Figure , where the Swing Wheel F is in an horizontal
Position, the Seconds not being strewn there by an In¬
dex, as is done in the large Pendulum Clocks , accord¬
ing to the foregoing Calculation : Whence in these
Clocks the Wheels , are disposed in a different Manner,
as represented in Fig. 4 . where C is the Great -Wheel,
D the Centre or Minutc -Wheel , both as before ; but
the Contratc -Wheel E is plac’d on one Side, and F
the Swing-Wheel is plac’d with its Centre in the fame
perpendicular Line GH with the Minute -Whcel , and
with its Plane perpendicular to the Horizon , as are all
the others. Thus the Minute and Hour Hands turn
on the End of the Arbor of the Minute - Wheel at a,
and the Second- hand on the Arbor of the Swing-Wheel
at b.
34. It remains now that we give an Account of
the Machinery of the Striking- Part of a Clock . Here
as in the Watch-Part , the Primum Mobile is a large
Spring , in the Spring- Barrel G ; but in long Pendu¬
lums it is a Weight , as is well known . This by its
Cord and Fusee moves the Great Wheel II ; that gives
Motion to the Pin -1Vheel\ \ that continues it to the De¬
tent or Hoop-l'Vhesl K ; and that to the TVarning-Wheel
L ; which at last is spent on the Flying- Pinion Q _,
which carr es the Fly or Pan ; and by its great Veloci¬
ty it meets with great Resistance from the Am it strikes,
and by this Means bridles the Rapidity of the Clock ’s
Motion , and renders it equable.
35. All these Wheels are quies.ent or motionless, un¬
less when at the Beginning of each Hour the Detent O
is lifted up, by which Means the Work is unlock ’d,
and the Whole put into Motion by Virtue of the Spring
in
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in the Box G . During this Motion the pinsi ?,
T,
Hammer
the
of
Tail
the
take
of the Pin -Wheel I,
Ham¬
the
of
Head
the
remove
upwards
and carrying it
it
ster s from the Bell R ; then being let go by the Pin
Stroke
forcible
a
give
to
is made by a strong Spring
upon the Bell, and this is repeated as often as the Hour
requires , by Means of a Contrivance in another Part.
36. This consists of moveable Wheels , and several
Levers , and other Parts , which cannot be understood
by a bare Description , or even by a Representation in
a Draught , so well as any Per son may have an Idea of
them by taking oft' the Face or Dial -Platc of a latemade Eight -Day Clock ; for, within 8 or 10 Years
past, great Improvements have been made in this Part
give a
of the Mechanism . Of which , perhaps, I may
of
Scope
the
Place,
another
in
Account
more ample
my present Design not admitting it here.
37. To the Invention of Mr . Maurice TVheeler we
owe the curious Contrivance of a Clack descending on an
Gen¬
Inclined Plane ; the Theory of which is worth any
the
of
.
161
inN°
seen
be
may
and
,
tleman ’s Knowledge
may
itself
Clock
the
Also
.
Transaftions
Philosophical
be seen at Don Saltero’s Coffee- house in Chelsea.
Plate X r
38. But since many People may have a Curiosity to
Fig . 7.
who
,
Machinery
of
Kind
be acquainted with this odd
I
,
abovementioned
Opportunities
the
of
have neither
this
will here present them with a short Account of
Clock
the
which
on
Plane
inclined
the
is
DE
.
Clock
ABC descends ; it consists externally of a Hoop , and
Hoop
two Sides or Plates standing out beyond the
about a- of an Inch all round , and indented that the
Clock may not side, but turn round as it moves down.
39. One of these Plates is inscribed with the 24
Hours , which pass successively under the Index , whicq
is always in a Position perpendicular to the Horizon,
: For
and shows the Hoar on the Top of ihe Machine
heaviest,
is
Index
the
of
Part
this Reason the lower
that it may preponderate the other, and always keep
it upright as the Movement goes on.
40. For the internal Part or Mechanism , let LEDQ_
the
£c the external Circumference of the Hoop , and ff
FrarneO 4
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Frame-Plate on which is placed the Train of WheelWork i , 2, 3, 4. which is much the fame as in other
Clocks , and is governed by a Balance and Regulator as
in them . But for a Spring and Fusee, there needs
none in this Clock , their Effects being otherwise an-*
swered, as we shall fee.
41. In this Machine the great Wheel 1 is placed, in
the Centre , or upon the Axis of the Movement, and
the other Wheels and Parts towards one Side, which
therefore would prove a Biafs to the Body of the Clock,
and cause it to move, even on a horizontal Plane, for
some short Distance ; this makes it necessary to fix a
thin Plate of Lead at C on the opposite Part of the
Hoop, to restore the Equilibrium of the Movement.
42. This being done, the Machine will abide at
rest in any Position on the horizontal Plane HH ; but
if that Plane be changed into the Inclined Plane DE,
it will touch it in the Point D ; but it cannot rest there,
because the Centre of Gravity at M acting in the Di¬
rection MT , and the Point T having nothing to sup¬
port it, must continually descend and carry the Body
down the Plane.
43 . But now if any Weight P be fixed en the other
Side the Machine , such as shall remove the Centre of
Gravity from M to the Point V in the LineLD , which
pastes thro ’ the Point D , then it will rest upon the In¬
clined Plane , as we have shewn in the Cafe of the
Rolling Cylincbrfor
;
this Instrument is founded on the
fame Principle.
44 . If now the Weight P be supposed not fixed, but
suspended at the End of an Arm , or Veftis; which
Arm or Lever is at the fame T me fastened to a Cen¬
tral Wheel 1, moving on the Axis M of the Machine,
which Wheel by its Teeth shall communicate with the
Train of Wheels , (jfc. on the other Side ; I fay, in
this Cafe if the Power of the Weight P be just equal to
the Friction or Resistance cf the Train , it will remain
motionless all one as before when it was fixed ; and
consequently the Clock also will be at rest on the In¬
clined Plane.
45 . But supposing the Weight P has a Power fuperis^
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fior to the Resistance of the Train , it will then put
into Motion , and of course the Clock likewise, which
will then commence a Motion down the Plane , while
tjic Weight P , its Vcfiis PM , and the Wheel i , all
retain constantly the fame Position they at first have
when the Clock begins to move.
46 . Hence ’tis easy to understand that the Weight P
may have such an intrinsic Gravity as shall cause it to
act upon the Train with any required Force , so as to
produce a Motion in the Machine of any required Ve¬
locity, as suppose such as shall carry it once round in
twenty -four Hours ; then if the Diameter of the Plates
AB C be four Inches , it will describe the Length of
its Circumference , viz. 12,56 Inches in one natural
Day ; and therefore if the Plane be of a sufficient
Length , such a Clock may go several Days , and would
be a perpetual Motion, if the Plane were of an infinite
Length.
47. Let SI ) be drawn through M perpendicular to.
the Inclined Plane in the Point D . Also let LD be
perpendicular to the horizontal Line H H , passing
through D . Then is the Angle HDE —LDS = DMT.
Whence it follows, that the greater the Angle of the
Plane’s Elevation is, the greater will be the Arch DT,
and consequently the farther will the common Centre
pf Gravity be removed from M ; therefore the Power
of P will be augmented , and of course the Motion of
the whole Machine accelerated.
48. Thus it appears, that by duly adjusting the in¬
trinsic Weight of P at first to produce a Motion shew¬
ing the mean Time as near as possible; the Time may
afterwards be corrected, or the Clock made to go fajhr
fr flower by raising or depressing the Plane , by means
of the Screw at S. The Angle to which the Plane is
first raised is about ten Degrees.
49. We have given the Theory of a Clock moving Plate X,
dozen an inclined Plane : Let us now consider how a Fig . 8.
Clock may he made to ascend on the fame inclined
Plane. To this End let ABD be the Machine on the
Inclined Plane EDE , and let it be kept thereon at
Rest, or in Equilibria, by the Weight P , at the End
cf the Lever P M . The circular Area C F is one
Rnd
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the ORRERY

and COMETARIUM,

the whole Machinery is a Compares of
Wheels of various Sizes, suitably contrived
and adapted to produce circular and elliptical Motions of Bodies representing the
Planets and
Comets, in such Periods of
Time as are exactly proportional and cor¬
respondent to the respective Motions of the
Heavenly Bodies which they represent ; al¬
so their several Phases, Positions of the Or¬
bits, and other Affections , so as to be a
perfect Microcosm, or Solar Sysem in Minia¬
ture (XLIII , XLIV ).
In
End of a Spring Barrel in the Middle of the Move¬
ment , in which is included a Spring , as in a common
Watch.
50. To this End of the Barrel the Arm or Lever
P M is fixed upon the Centre M ; and thus when the
Clock is wound up, the Spring moves the Barrel,
and therefore the Lever and Weight P, into the Situ¬
ation PM . In doing this , the Centre of Gravity is
constantly removed farther from the Centre M of the
Machine , and therefore it must determine the Clock to
move upwards ; which it will continue to do, so long
as the Spring is unbending itself ; and thus the Weight
and its Lever PM will preserve the Situation they first
have, and do the Office of a Chain and Fusee. This
is the Contrivance of M . de Genttes, See Phil . Trans,
H ° 140.
(XLIII ) It would be too great an Undertaking here
to give an Account of the Mechanism of the larger Sort
of Orreries , which represent the Movements of all the
heavenly Bodies ; nor indeed can it be done either by
Diagram or Description , to render it intelligible to the
most discerning Bead er ; but instead of that , I shall
exhibif

'
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exhibit an Idea of the Theory and Structure of an use-,
ful, concise, and portable Planetarium, which any
Gentleman may have made for a small Expence, and
will exhibit very justly the Motions of all the primary
Planets about the Sun by Wheel -Work ; and those that
have Secondaries or Moons , may have them placed
about their Primaries , moveable by the Hand, so that
the whole shall be a just Representation of the Solar
System, or true State of the Heavens, for any given
Time of the Year.
2. In order to this we must first compare, and find
out the Proportion , which the Periodical Times or Re¬
volutions of the Primary Planets bear to that of the
Earth ; and they are such as are expresied in the Tablet
below, where the first Column is the Time of the
Earth’s Period in Days , and Decimal Parts ; the se¬
cond that of the Planets ; the third and fourth are Num¬
bers in the fame Proportion to each other.
As 365,25
365,25
365,25
365,25
365,25

: 88
: 224,7
: 686,9
: 4332,5
: 10759,3

S -- 83 20, for Mercury.
? :: 52 32, for Venus.
75, for Mars.
$ 40::
117::
83, for Jupiter.
148, for SaturnT? :: 5

3. If now we suppose a Spindle or Arbor with fix 1*1- Xfl,
Wheels fixed upon it in an horizontal Position, having I ig. 1.
the Number of Teeth in each, corresponding to the
Numbers in the third Column , viz. the Wheel A M
of 83 Teeth , BL of 52, CK of 50 ( for the Earth, ) DI of
40, EH oi y, and F G of 5 ; and another Set of Wheels
moving freely about an Arbor , having the Number of
Teeth in the fourth Column , viz. A N of 20, B O of
32, CP of 50 ( for the Earth, ) D Q_of 75, E R of 83,
and FS of 148 ; then if those two Arbors of fixed and
moveable Wheels are made of the Size, and fixed at the
Distance from each other , as here represented in the
Scheme, the Teeth of the former will take those pf the
latter, and turn them very freely when the Machine is
in Motion.
4. These Arbors , with their Wheels , are to be
placed in a Box of an adequate Size, in a perpendicular
Position ;
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Position ; the Arbor of fixed Wheels to move on Pivots
at the Top and Bottom of the Box ; and the Arbor of
moveablc Wheels to go through the Top of the Box to
a proper Height , on the Top of which is to be placed
a round Ball, gilt with Gold , to represent the Sun.
On each of the moveablc Wheels is to be fixed a Socket
or Tube ascending above the Top of the Box, and
having on the Top a Wire fixed, and bent at a proper
Distance into a Right Angle upwards, bearing on the
Top a small round Ball representing its proper Planets.
5. If then on the lower Part of the Arbor of fixed
Wheels be placed a Pinion of Screw-Teeth , a Winch
turning a Spindle, with an Endlefs-Screw, playing in
the Teeth of the Arbor , will turn it with all its Wheels;
and these Wheels will move the others about with their
Planets in their proper and respective Periods of Time
very exactly . For while the fixed Wheel C K moves
its equal CP once round , the Wheel A M will move
A N a little more than four Times round , and so will
the Wheel
;
nicely exhibit the Motion of Mercury and
F G will turn the Wheel F S about —^— round , and
29>5 ,
the same
lo will represent the Motion of Saturn. And
is to be laid of all the rest.
6. If on the Top of the Box be placed a Circle with

the Signs of the Ecliptic , including all the Planets , it
will be cafy by this Machine to represent the Motions
and various Phænomejia of the heavenly Bodies, by
those vyho have Skill in such Things . Having thus
shewed the Reason, Structure , and Parts of the por¬
table Planetarium, the rest must be left to the Fancy
and Pleasure of the Gentleman , and the Ingenuity of
the Workman.
(XLIV ) 1. I shall here give an Account of the Me¬
chanism of that Instrument , which I call a CometaRium ; for though

Dr . Dcsaguliers has

( the first of

any I know of) described it under the Character of
, and by it represented the
Part of a Planetarium
I conceive it is
;
Motion of the Planet Alercury yet
much more adapted to represent the Motion of a Co¬
met than a Planet , because none of the Planets describe
Orbits
1

Mechanics
Orbits sensibly Elliptical, whereas those of the Comets
are very much so. I have therefore altered the Doctor ’s
Contrivance , and adapted it to the Motion or Theory
of the Comet of the Year 1682, whose Period is 75s
Years ; and have moreover altered the Mechanism of
the Parts , by which the Instrument is rendered much
more elegant and useful.
2. The Structure and Rationale of this Instrument is pp XII.
the Box, the pjg . 2,
as follows . When the Lid is taken .offNO
and QT
internal Parts appear as in the Figure
their
about
ether
each
turning
Wheels
are two Elliptic
Groove
a
in
String
Cat-Gut
a
of
means
by
S,
and
I
Foci
on their Edges, crusting at K . These oval Wheels are
fixed in Arbors or Axes which pass through the same
Fucus 8 and I in each ; the Oval N O is moved by the
circular Wheel I, fixed also upon the same Axis , but
above it on the Bar or long Piece GV ; which Wheel .
is itself moved by another equal Wheel G , and that
on the
by an Endless-Screw, turned by a Winch in, the
Fi¬
Outside of the Box. All which is evident
gure.
3. The Perimeter of the Oval Q_T , where it
touches that of NO , will have a Velocity always pro¬
portional to the Distance from I , that is, in the Points
K , 4, 3, 2, 1, &c. the Velocities will be as the Lines
IK , I 4, I 3, I 2, I 1, Cfc. which may be considered
Oval Q_T in
as Levers acting upon and moving thesuch
that S K is
those Points . Now if the Ovals are
Point K
the
will
then
1,
to
6
as
1,
to SV, or IK to I
I K , as
Lever
the
by
turned
Velocity
the
Times
6
have
Revolution,
a
d
made
has
it
the Point V will have when
or is come under the Point S, where it is turned by the
Lever I s, than in the Situation I S.
4. If we take SP —SK —IS, and upon the Point S,
as Foci , you describe the Ellipsis PLIM , that will re¬
the ,
present the Orbit of the Comet , or the Figure ofBrass
round
a
which
in
Box,
the
of
Lid
the
on
Groove
on
Ball, representing the Comets is made to slide alongone
a Piece of Wire , called the Radius Vetfor, fixed at
End into the Top of the Arbor at S, where we may
suppose
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WATF .R- MILLS , the Momentum of
the falling Water is the Power ; the Force
to be overcome is the great Attrition of
the two Stones in grinding the Corn , &c.
which is effected wholly by a Complica¬
tion of Wheels and Axles . A Query may
here be put , Why , since the Power con¬
stantly acts upon the Wheel , the Motion
of the Wheel should be equable, and not
accelerated : The Answer is, The Incre¬
ments of Velocity keep rising , till their
Momentum is equall’d by the Resistance of
the
In

suppose the Sun to be, and is accordingly represented
by a silvered Plate at Top.
5. The Place of the Comet at P is called the Peri¬
helion^ as being there nearest the Sun as
;
I is its Aphe¬
lion or Point (>
}'great ejl Dijlance. Since S P — S K , the
Velocity of the Comet will be in the Point P equal to
that of the Point K ; and were the Comet’s Aphelion
at r, its Velocity there would be equal to that of the
Point V when under s, viz. six Times less than before;
but since the Cornet’s Aphelion is at I , and since the
greater Arch described in the fame Time must have
a greater Velocity , the Velocity of the Comet at I will
te about -J
- of that at P.
6. The silvered Ellipsis on the Lid of the Box is di¬
vided into ioo Parts , shewing the Anomaly of the Co¬
met ; and about the Axis of the Wheel G is placed a
Silver Circle, divided into .75s equal Parts , represent¬
ing the Years or Period of the Comet , with a proper
Index , pointing to those Divisions, by which Means
it is easy to shew the several Particulars relating to the
Theory of elliptic Motions , whether of a Planet or
Comet,
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thd Machine ; after which Equilibrium
the Wheel goes on with an uniform Mo¬
tion (XLV ).
(XLV ) The Mechanism of a Water -Mill depends
upon the followiiig Principles.
1. The Action or Power of the Water which drives
the great Wheel . Here it will be necessary to deter¬
mine its Force issuing out of the Aperture of the Sluice
or Pen -Stock, and also the Velocity of its Motion when
the Height is known ; and the Height necessary to pro¬
duce a given Velocity.
2. As to the Force of Water issuing through the
Sluice, that is, its momentary Impulse, we shall shew
from Hydrostatic Principles , that it is always proportio¬
nal to the Altitude of th'c Water above the Centre of
the Hole through which it passes. And since we
know by Experiment that a cubic Foot of Water weighs
; we
very nicely 1000 Ounces Avcrdupoh, or 62,5 Ib. if
find the Area of the Aperture in Feet and Parts , and
multiply that by the Number of Feet the Water has
above the Centre , and lastly, you multiply that Pro¬
duct by 62,5 Ib. this last Product will be the Force of
the Water express’d in Pounds Averdupcis.
3. For Example ; suppose the Width of the Sluice
12 Inches , or 1 Foot , and that it is drawn up to the
Height of three Inches, or 0,25 of a Foot , the Area
of the Aperture will then be 1 X 0,25 = 0,25 ; if the
Height of the Water be 7,5 Feet above the Orifice,'
then 7,5 X 0,25 will be 1,875 , which multiplied by
62,5 gives 116,1875 , or about 116,2 A. for the instan¬
taneous Pressure of the Water on any Obstacle.
5. To find the Velocity , and consequently the
Quantity of Water expended at the Orifice in a givenTime , we must consider that a Body falls 16,2 Feet
in the first Second, and acquires a Velocity which in
an horizontal Direction is at the Rate of 32,4 Feet per
Second ; now let S be any other Space and the horizon¬
tal Velocity V ; then we shall have 16,2 : S : ; 32,4^
;■V *; therefore 32,4 - S = 16,2V , and so

x S =
* 6,2
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V 1, thatsts v/64,8 S — V . Now since S — 7,5 rt
Height of the Water above the Centre of the Orifice^
therefore ^ 64,8 X 7,5 — 22 per Second, the Velocity
of the issuing Water as required.
6. This Velocity might also have been found by
finding the Time of the Fall thro’ 7,5 Feet ; thus 16,2
: bo ' "' 7,5
: :
: t'- 1666,6
—
, the Square Root of
which is 40"',8 ; now since the Velocity of spouting
Water is uniform, there will pass twice 7,5 or 15
Feet in 40 " ,8 ; and therefore if 40"' ,8 : 15 F . : : 60"'
: 22 F . and a little more, the same as before.
7. Is the Velocity be given, and it be required to
find the Height of the Fall necessary to produce it;
we have from the foregoing Theorem (\ / 64,8s — V,)
V1
8 — -—- ; so that if the given Velocity be 22 Feet per
64,8
V1
Second, then V —22§ and S = -—- — 7,5 nearly, the
04,0
Height of the Water above the Centre of the Aperture.
For the Velocity of Water is the same in the Fall thro’
any Space or Height , and in the Orifice of a Sluice at
the lame Depth below the Suisacc.
8. The Quantity of Water issuing out is thus deter¬
mined for any given Time ; since a Column of Water
— 22 F eet is produced in r Second, we shall have 60
X 22 — 1320 Feet in 1 Minute , or 158400 Inches;
and the Area of the Aperture being 12 X 3 = 36 In¬
ches, we have in that Column 158400 X 36= 5702400
Cubic Inches ; which divided by 282, gives 2022 Gal¬
lons, or 32 Hogsheads 6 Gallons , which spouts on the
Wheel in a Minute.
9. If we now suppose this Column of Water flowing
into the Buckets of an Over -shot Wheel , which is 16
F eet in Diameter , and has 30 Buckets on its Periphery,
(as is the Cafe of that at the Bar- Pool, by the Abbey
in Nnn - Eaton in Warwickshire, which is reckoned the
best in England) then the Water will adt on the Wheel
by'' two Forces , vbt. of Impulse and Weight . The
Impulse or Stroke, were it made in a Tanger .t-Direction , and perpendicular to the Sides of the Buckets,
would be equal to 11b Ib.by(
Art. 4 .) But since it
runs
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runs some Distance in a Trough before it comes to the
Wheel , and the Buckets are placed not at Right Angles,
but nearly at the Angle of 45 Degrees with the Cir¬
cumference of the Wheel , and lo the Water must
strike them very obliquely ; I fay, on these Accounts
we must abate more than one Half of the Force of Wa¬
ter , and may take about 50 Ib. for a Mediuni.
10. The Weight of the Water is more or less in
twelve or thirteen of these Buckets on the Fore-part of
the Wheel , but most of all on that Bucket at the End
of the horizontal Diameter , because there no Part of the
Water rests upon the Perimeter of the Wheel or Sides of
the Bucket , but gravitates with its whole Weight in a
Tangent to that Part of the Wheel . What that Weight
in that Bucket is, may be thus found. It was strewn
that when the Engine is in the greatest Perfection, the
Velocity of the Wheel ought to be equal to 7 of that
of the Water . ( See Annotat. XL . 6.) Now since
the Diameter is 16 f eet, the Circumference will bd
50,3 ; and the Velocity of Water being 1320 Feet/w
Second, \ of that is 440, which divided by the Cir¬
cumference gives 8r7u Revolutions of the Wheel in a
Minute . The Aperture of the Sluice gives 2022 Gal¬
lons per Minute , -which divided by 8,7 gives 232,4
Gallons , which again divided by 30, (the Number of
Buckets ) is 7,7 Gallons for a Bucket.
11. Now a Gallon of Water weighs 10,2 Ib.for(
1728 ; 62,5 :: 282 : 10,2 ) ; therefore 7,7 X 10,2 —
787 ft . for the Weight of Water in each Bucket . But
as Part of this Water runs out of the Buckets in the
lower Quarter of the Wheel , and what remains gravi¬
tates in various Degrees of Obliquity to the Radii of
the Wheel , as does all the Water in the full Buckets
above the horizontal one, we must allow for the total
Weight about 450 Ib.as( will be found near the Truth
by Calculation ) to which if we add the 50 Ib. for Im¬
pulse, the whole Force of the Water on the Wheel
will be 500 Ib.
12. If the Cog-Wheel be 3,5 Feet Radius , or 7
Feet Diameter ( as in the Mill above mentioned) then,
as 7 : 16 :: 500 Ib. : 1143 ft . — the Force of the Cogs
to turn the Wallower or Trundle , which Force is ap-.
plied to overcome the Resistance arising from the
Weight
P
Vol. I .
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Weight of the Stone, the Friction of the Geer in gene¬
ral , and the great Friction of the Stones and Corn in
grinding.
13. Suppose the Diameter of the Trundle 1,5 Foot,
or 18 Inches , and that of the upper Stone 6 Feet ; then
as 6 : 15 :: 1143 : 285,7 &•— the Force at the Periphe¬
ry of the Stone. If there be 48 Cogs in the. oCog - Wheel,
and nine Rounds in the Trundle , then — = 5,33 —
the Turns or Revolutions of the Trundle for one of the
Water -Wheel ; wherefore since the Wheel makes 8,7
in a Minute , the Trundle , and of course the Stone,
will make (8,7X5,33 —) 467 Turns in a Minute . The
Circumference of the Stone is 18,84 Feet ; whence
18,84X46,5 = 876 Feet per Minute , for the Velocity
of the Stone’s Periphery.
14. Suppose the Stone contain 22,5 Cubic Feet , or
its Weight 1912 Ib. then the mean Velocity of the Stone
being that Point of the Radius \ of its Length , conse¬
quently j of the Velocity 876 at the Periphery, viz. 584,
will be the mean Velocity of the Stone, which multi¬
plied by 1912, viz. 1912X584 = 1116608 Ib. would be
the Expression of the Momentum of the Stone per Minute,
were it to press upon the Corn with its whole Weight,
which it does not ; for nearly the whole Weight being
supported by the Pivot of its perpendicular Spindle, a ve¬
ry small Part thereof is concerned in the Triture of the
Corn , for that is principally effected by the violent Ro¬
tation of the Stone producing a Centrifugal Force.
15. This circular Motion of the Stone brings the
Corn out of the Hopper by Jerks , and causes it to re¬
cede from the Centre to the Circumference in a special
Manner ; the Corn , while whole, causing the Stone
to rise a little higher above the fixed Stone than it would
otherwise do, begins to be crushed by the Weight of
the Stone gently pressing upon it , and the more so, as
it approaches the Circumference , where being quite re¬
duced to Flour , it is thrown out of the Mill by the
Centrifugal Force of the Stone through a Hole for that
Purpose.
16. When I say, the Stone prejses gently, and but
with a very small Part -of its Weight on the Corn, it is
implied,

.
w
i"vbi
t.
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implied, that the Piece of Wood which supports the

Stone on the Pivot of its Spindle must be somewhat ela¬
stic or springy, in order to admit of an easy and
small

Degree of Motion upwards and downwards, as the
Stone is more or less resisted by the Grains of Corn , by
which Means the Surfaces of the two
Stones will have
alwaysa varying Distance , and so be adapted for Trituration and Comminution of the Com in any Degree;
whereas, if the supporting Piece were perfectly rigid or
fixed, the Stones must always be at an equal Distance,
and the Flour very coarse, because it can’t be affected
by
the upper Stone after the whole Grain has receiv’d its
first Impression, or suffered its first
Comminution . And
the nicer this Point of Support is adjusted, so much the
more nice and exact will be the Work done by the
Mill, or so much the better will the Flour be that is
produced thereby.
17. As the Water acts upon an Overs ot- Mill both
by Impulse and Weight , so does it likewise
on a BreastMill, or that where the Water comes upon the Breast,
or middle Part of the Wheel ; and here, though the
Weight of the Water on the Wheel is not so great as
before, being contained in the Buckets of the lower
Quarter only, yet the Impulse of the Water is much
greater, the Height of the Water being increased near¬
ly the Semidiameter of the Great -Wheel , all other
Things being equal.
18. If the Height of the Water remains the fame,
the Aperture of the Pen -stock must be enlarged to
nearly twice the Area, that the Force of Water may
be the same ; and in this Cafe there will be twice the
Expence of Water as before ; so that as much more
Water is necessary for a Breast-Mill than for an Over¬
shot one, every Thing else being the same.
19. Since the Spout of Water is in the Curve of a
Parabola, the Orifice through which it issues should
not be just against the Middle of the Wheel , for
then,
if it were very near the Wheel , great
Part of the Force
would be spent in striking the Wheel directly against
its Axis, and so would make the Motion round
more
difficult; and if it were not very near the Wheel , the
Spout would reach only some of the lower Buckets,
P 2
'and

2
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and none go to those on the Middle , where the Effect
would be rather greater . Therefore the Orifice of
the Pen -stock ought to be situated some little Height
above the Middle or Horizontal Diameter of the
Wheel.
20. In order that the Water may have the greatest
Effect on the Wheel , Dr . Barker has constructed it
with 24 Ladle-Boards, (instead of Buckets ) of 18 In¬
ches Square ; these Ladle-Boards pass through a quadrantal Channel of the same Dimensions nearly, or a
little more than 18 Inches square, that the Motion may
be free. The Water entering on the Top of this Channel *s kept wholly on the Boards, till it comes to the
Bottom , where it goes off without interrupting the
Motion of the Wheel . The Contrivance is very use¬
ful, and may be easily apprehended by the Scheme,
where A D B E represents the Wheel with its LadleBoards, C the Axis , F the Jet or spouting Water,
GHI the square Channel or Trough in which the
Ladle -Boards with the Water descend to I, where the
Water is discharged from the Wheel.
21. In Fig. 2 . you have a Section of the Sole or Perimeter of the Wheel , and the Channel with the LadleBoards in it ; thus a be is the Sole of the Wheel , fgh i ;
is the Section of the Channel open on the Part next the
Wheel by a narrow Slit, in which ^Us the Part called
the Tongue , which projects from the Sole to sill up that
Slit, that the Water may not run through it ; lm n 0
is one of the Ladle -Boards put on upon the Supporter
p q, which goes through the Tongue and Sole of the
through which a
Wheel , with a Hole behind at
Key or Wedge , like a Piece of Wood , being driven,
fastens it with the Board to the Wheel . Thus you fee by
this Means how great the Force of the Water must be
on the Wheel , and how much less will suffice here than
in the common Way.
22. As to an UnderJhot-lVheel, it is evident there can
be only the Force of the Impulse from the Water on
such a Wheel , and therefore the Height of Water re¬
maining the same, there must be a larger Aperture of
the Pen-stock, that so a greater Quantity of Water
may come upon the Float -Boards in the lame Time,
to

f
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to have an equal Momentum, or to produce the same
Effect as in the Overjhot or Breajl- Whecl. Whence a
greater Expence of Water will be made here, than in
any other Sort of Mill , and can only be supplied for a
Constancy by a River ; and where there is not a Want
of Water , this is the easiest, cheapest, and most simple
Structure a Mill is capable of.
23 . In this Cafe, the Float -Boards are to be placed
perpendicular to the Sole or Periphery of the Wheel,
because when they come into a vertical Position at the
Bottom or lowest Part of the Wheel , they will then re¬
ceive the horizontal Er pet us of the Water directly, and
therefore with the greatest Force . If the Water -Course
be sufficient to cover the Float -Boards, that is enough ;
all that is more, runs waste, either by the Sides or
under the Floats , or both.
24 . Let XYZ be an Underfhot -Whecl , and PIC the pj jfjjj
Water coming upon it in the Direction HC . Now if
JO.
**
there were so few Float -Boards, that when one, as
DE , became vertical, the next on each Side IK , LM,
should but just touch the Surface of the current Water,
then would the Water strike the said Float -Board DE
with all its Force . But when the two Floats K and E
come into the Situation C and G , then will the Water
strike but a Part of the Float C, viz. BC , and that too
obliquely , which is to be estimated by A C, the Sine of
the Angle of Incidence ; and since we suppose the
Section of the Water equal to the Area of a FloatBoard, it is plain the Float C will intercept the Water
from the Float G , so that none can strike it ; and there¬
fore the Force of Water will be every where less than
upon the Float -Board in the Site D E . So that the
Force upon the Wheel will always be fluctuating be¬
tween AC and DE , which will be the two Extremes.
25. If the Float -Boards are so many, that while one
is vertical as DE , others on each S de, as C and G,
are also partly in the Water -Way ; then in this Cafe it
is best to have the Stream of Water larger than the
Floats , that some may run beside, and fill up the Space
between, that so the Floats C , E , G , mav all be impell’d at once ; for the Back-Water , here, having a
greater Velocity than that of the Wheel , will still ke-p
the
P 3
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the Float G forward ; and though it be an oblique
Force , it will always avail something so long as it
touches the Float ; and cannot be esteemeda Negative
Quantity , as some have asserted.
26. Since many may be curious to know how the
Force of Impulse and Gravity of the Water in the Buc¬
kets of an Ovcrjhot- Wheel is to be computed or estimated
to a Mathematical Exactness , I shall here give the
Method , and illustrate it by a Scheme. Let ABC , fsV.
be the Buckets of an Overshot -Wheel , (having twenty - four in all ) inclined to the Periphery in an Angle of
forty- five Degrees : Those with Dots or Points repre¬
sent the Buckets with the different Quantities of Water
they contain , among which the largest Dots in the
Middle represent the Centres of Gravity of the several
Bodies of Water . Now suppose the Water comes upon
the uppermost Bucket A in the horizontal Direction
XA , though by its Curvature at entering the Bucket
it cannot strike the Side of the Bucket directly , yet,
since the Side of the Bucket obstructs and sustains the
said whole horizontal percussive Force , and that under
an Inclination of forty- five Degrees, we may conclude
that half that percussive Force is spent in turning about
the Wheel.
27. As to the Force arising from every descending
Bucket of Water , it may be easily determined by find¬
ing the Bulk of the Water in each Bucket , and multi¬
plying that in the perpendicular Distance of the Line
of Direction of the Centre of Gravity from the Centre
of Motion . Hence , with respect to the first Bucket
A, since its Centre of Gravity acts in the Direction
VN , that is, perpendicularly on the Centre of Motion,
that Product , or the Weight of that Bucket of Water,
will avail nothing to move the Wheel round , as being
wholly supported on the Axis of Motion.
28 . But the Water in the second Bucket B gravitat¬
ing in the Direction R O , at the perpendicular Distance
N O from the Centre , if we multiply its Mass or
Weight into the Distance N O , we shall have its Mo¬
mentum or Force to move the Wheel ; and so of any
other . Here we may observe, that as the Water in the
Buckets decreases, the Distances increase from the
Centre , in the upper descending Quadrant ; and since
the
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the Distances increase much faster than the Quantities
decrease, the Forces will increase till we come to the
horizontal Bucket F , which is half full of Water j
from thence it decreases to the Bucket I, where all the
or
Water runs out , as being parallel with the Horizon , on
Diameter K M . And hence we fee four Buckets
the lower descending Quadrant carry no Water , when
they are inclined to an Angle of 45 Degrees.
29. I shall here subjoin a Specimen of the Computa¬
tion , supposing the Wheel and Buckets such as in the
Scheme, and the Quantities of Water , and Distances
of their Centres of Gravity , the same as in the Table
below.
Water in Distancesfrom Momenta of
the Bucket. the Centre N . each Bucket.
— 0,00
O
X
A z= 1,00
— 0,27
0,3
—
NO
X
B - 0,9
X NP — 0,6 — 0,48
C = 0,8
X NQ _= 0,85 - 0,595
D — 0,7
X NL - 0,95 - 0,57
E — 0,6
X NM = i,oo — 0,5
F — 0,5
X NM — 1,00 — 0,4
G — 0,4
X NL = 0,55 - 0,19
H — 0,2
The Total of all the Buckets — 3,005
That is, the Momentum of Water in all the Buckets is
equal to the Momentum of three Times the Water con¬
tained in the Bucket A, and hanging at the End of the
horizontal Diameter K M.
30. I shall conclude this Theory of Water- Mills,
with a Description os Dr . Barker %new - invented Mill,
of the most simple Structure of any yet made, perform¬
ing its Effect without any Wheel , Trundle , Cog, or
Round ; the Nature of the Machine , and Manner of
its Operation , will be easy to understand from the fol¬
lowing Account of its several Parts.
31 . ABCD is an upright Frame standing on a pro¬ PI. XIII.
per Base ; EF is the wider Part of GH an upright hol¬ Fig - 5low Pipe or Tube , fixed at the Bottom to an horizontal
Square Trunk IK ; which Trunk , together with the
Axis RS , by
Tube , is fixed to an upright Spindle orlower
End of
means of a Nut and Screw at S. The
‘the
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the Axis on a fine Point moves in the Pivot Hole in the
Part of the Frame at T ; on the upper Part of the
Frame is a Hole thro ' which the Spindle passes, as also
thro ' the round circular Piece P fix’d on the said Frame ;
on the upper Part of the Spindle is fix’d another round
circular Piece O , which represents the upper moveable Stone of the Mill . Qjs a Spout of Water filling
the Tube or Trunk , and giving Motion thereto, and
consequently to the Axis and upper Stone, by the hori¬
zontal Jets of Water from each End cf the Trunk IK,
thro ’ Holes made at each End on contrary Sides.
32. While the Holes continue stopped, the Trunk
will be at rest, because then the Pressure is equal over
all the Parts : hut when the Holes are open, the Pres¬
sure of the Water ( by its having Liberty to issue out)
will be less on that Part where the Hole is, than on
the other Part opposite to it ; which stronger Pressure
will prevail, and carry round the Trunk and Tube
with the Axle and Stone, in a contrary Direction ; and
each Hole contributes to produce this Motion , which
will be greater or lesser in Proportion to the Momenta
of the Jets of Water , or greater or lesser Aperture of
the Holes.
33 . For it is easy to understand, that the Power of
this Machine is derived from, or depends upon, three
Things : ( 1.) The Velocity of the Spouting Water ;
(2 .) The Quantity thereof ; and (3. ) The Distance at
which the Water spouts from the Axis of Motion . The
two first make the Momentum arising from the Pressure
of the Fluid , which is proportional to the Altitude , or
Height of the Tube ; the last is of a Mechanical Na¬
ture , for the Trunk is in this respect exactly of the Na¬
ture of the Lever.
34. In the Lecture of Hydrostatics it will be shewn,
that the Velocity of the Spouting Fluid will be as the
Square Root of the Altitude of the Fluid ; whence this
Part of the Force will be in the Subduplicate Ra to of the
Height of the Tube. The
Quantity of the spouting
Fluid will be also in the same Ratio , while the Aper¬
tures are the fame ; but if these vary their Magnitude,
it will be directly as the Aperture , the Altitudes being
given. Therefore the whole Momentum arising from
these
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of the
Tube, and Sum of the Apertures conjointly; and if this
be multiplied by the Distance of the Aperture from the
Centre or Axis, we shall have the Expression of the
whole Force of the Machine.
35 . That is, if H — the Height of the Fluid , A =
Sum of both the Apertures , and D — Distance of each
from the Axis ; then we shall have the Momentum M
expressed by M = H X A X D . Hence we fee that the
Trunk IK is analogous to the great Wheel of a com¬
mon Water -Mill , whose Force is in the fame Manner
computed from the Height of the Fluid H , the Aperture
of the Sluice A, and the Distance or Radius of the
Wheel D.
36 . For both in the common Mill and this, if the
Aperture A and Distance D from the Centre be the
fame, the Force of the Jet wi'l vary with the Height
of the Fluid H . Also if the Height of the Fluid H and
Length of the Trunk or Diameter of the Wheel D re¬
main the fame, the Force will be as the Aperture A, or
as the Quantity of the Fluid flowing out in a given
Time . Lastly, if the Height of the Fluid H, and the
Aperture A continue the fame, the Force will be as
the Diameter D of the Wheel , or Length of the Trunk
of this new Mill.
37. I lhali now give a Calculation of the Power of
this Machine ; and in the first Place, let us suppose the
Height of the Tube to be 9 Feet , and always full of
Water ; the Velocity of the Spouting Water will be the
fame that a Body will acquire in falling 9 Feet , viz.
an uniform Velocity of 18 Feet in the Time of the Fall ;

these hydrostatical Principles will be as the Altitude

— — the
which Time is thus found, as 16 : 9 : : T : 16
Square of the Time , whose Square Root is 3, that is,
: : 1 ; 24 ; the
:
| of a Second. Therefore fay, as 318
uniform Velocity is at the Rate of 24 Feet per Second,
in the Spouting Water , from 9 Feet Altitude.
38. Let the Aperture at each End of the Trunk be
6 Inches Square, then in both there will be 72 square
Inches, or half a square Foot in Area. The Water itfuing out in a Second at both Orifices will be equal to
a Column 24 Feet long , and { a Square Foot in Base ;
therefore the whole Water will be equal to 12 Cu¬
bjc
rl
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bic Feet . The Weight of one Cubic Foot is 62 lib. ;
wherefore 62 -5 X 12= 750 Ib. is the Force acting on
the Trunk , supposing the Depth of Water only one
Foot ; but since it is at the Depth of 9 Feet, we have
9X750 = 6750 Ib. acting upon the extreme Parts of
the Trunk per Second.
39. Let us now suppose the Length of the Trunk to
be 6 Feet ; then the Motion is made by a Power of
6750 Ib. acting at the End of a Lever three Feet long ;
consequently 6750 X 3= 20250 Ib. the Momentum of the
Wheel per Second.
40 . Now the Velocity of the Trunk at the Orifices
will be the fame as that of the Water nearly, while the
Mill is not charged ; but that of the Water is 24 Feet
per Second , and the Circumference which each Orifice
describes in 18,84 , or x9 Feet nearly ; therefore the
Trunk turns round a little more than once per Second.
But when the Mill is charged with the Stone, Corn,
(sfc. the Velocity will not then be so great ; and we
have shewn (Annot. XL . 6. ) that it ought not to be above Part of that of the Water , viz. at the Rate of
8 Feet per Second ; but let us suppose it a little more,
viz. 9 i Feet , then will the Trunk move round once
in two Seconds.
41 . If we suppose the Stone 6 Feet in Diameter , its
Velocity in the Periphery will be the fame with that of
the Trunk ; viz. 9 i Feet per Second ; but J of this is
the mean Velocity of the Stone, which is therefore but
6 re Feet per Second. Suppose the Weight of the Stone
1912 ib. and that ^ of this be allowed for Friction , viz.
637 Ib. then 6,3 X 637 —4015 Ib. the Moment of the
Stone by its Resistance arising from \ of its Weight;
but this is only when the Stone is first put into Motion;
after it is in Motion , this Momentum is greatly lesien’d
by the Centrifugal Forces ; and therefore if we allow
4000 Ib. for the Momentum arising from the Weight of
the Stone, Attrition of the Corn , Isfc. it will be but JPart of the Momentum of the Trunk or Mill , which we
shewed was 20250 Ib.
42 . Here we have supposed, the Mill to carry the lar¬
gest Stone that is used in any Mill , and that the Power
of the Mill is five Times greater than the Resistance to
be
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In WIND -MILLS the Mechanism is
the fame , only the Vanes or Sails are to
be considered as a Wheel on the Axle , actu¬
ated by the Power of the Wind . In this
Machine we have only to consider the Po¬
sition of the Sails , and the Power of the
Wind . As to the former , if the Sails
stand right before the Wind , it cannot af¬
fect them at all; if they stand direct to the
Wind,
be overcome ; the Quantity of Water therefore in the
Jets may be diminifh ’d a Fifth Part, and consequently

the Apertures ; which therefore, instead of being 72
Square Inches , need be only 15 or 16. If therefore at
each End of the Trunk there be an Aperture of four
Inches long and two wide, the Jets from the Altitude
of nine Feet , at three Feet from the Axis , will have a
Momentum sufficient for turning the largest Stones.
43 . I shall only observe further , that there are ma¬
ny mechanical Purposes to which this Invention might
be made subservient, as it has so great a Power of Mo¬
tion in so easy and simple a Structure : And also, that
the Water -Wheel of a common Mill , if placed in a
horizontal Situation , and the Sluice so ordered as to
throw a Side-Jet in a Tangent -Direction on the LadleBoards, such a Wheel would be in the fame Circum¬
stances nearly as the Trunk of this New Mill , and
therefore might be made to answer all the same Inten¬
tions, and capable of nearly all the fame Advantages.
44. I need not observe to the Reader, that whatever
Quantity of Water is expended at the Jets , as that
must be supplied at the Top or Cistern of the Tube , so
the Stream which supplies it must be as much longer than
the Jets , as its Velocity is less; because what is defici¬
ent in one Respect must be made up in the other . There
are several other Circumstances and Particulars , which
may deserve to be considcr’d, when it shall be found
to answer any valuable End , beyond that of mere Spe¬
culation.
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Wind , the Mill will be blown down , at
least the Sails can have no Power to move
round ; they must therefore be placed
oblique to
the Wind , and that under an
Angle of 54 Degrees , and 44 Minutes,
for the greatest Advantage (XLVI ).
(XLVI ) The internal Parts of a Wind -Mill arc the
fame with those of a Water -Mill nearly, of which I
shall take no farther Notice , but shall confine myself
to the Theory of the Sails in regard of their Position,
Motion , and Figure.
1. In regard of the Position of the Sails, we must
consider that if they are placed DireSf to the Wind, or
at Right Angles to the Axis of the Mill , they will re¬
ceive the whole Force of the Wind , which in this
Cafe will tend to blow them forward, and consequently
to blow down the Mill ; which Position of Course can¬
not be admitted.
2. If the Sails are set Right to the Wind, or parallel
with the Axis of the Mill , ’tis plain that in that Po¬
sition the Wind cannot act upon them at all, and there¬
fore they cannot be turn ’d round , nor the Mill put into
Motion ; which Position of the Sails must likewise be
rejected.
3. Since neither the Direst nor Right Pojition of the
Sails will do, an Oblique Position must , as there can be
no other. Now to shew that an Oblique Position of
PI. XIII . the Sails will turn the Mill , let AB be the Axis , CD
Fig . 6. a Sail, and its Angle of Obliquity (viz. that which it
makes with the Axis ) be ECG ; then if GC be the
Force of the Wind in the Direct Position of the Sail,
GE will be the Force of the Wind in its oblique Posi¬
tion ( as being the Sine of the Angle of Incidence GCE ).
But the Force GE is resolvable into two others , E F
and G F j of which the latter , being parallel to the
Axis , avails nothing in tinning the Sails about it ; but
the other, E F, being perpendicular thereto , is wholly
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(pent in compelling the Sail to turn round ; which was
the Thing to be (hewn.
4 . The Force of the Wind on the Sail will be as the
Square of the Sine of Incidence , or as GE ' ; for the
Force of each single Particle of Air will be as the Sine
as the
C E , (by Annot. XXIV . 6. ) and it will be alsoTime,
Number of Particles which strike it at the fameof Inci¬ PI. XII.
which Number of Particles is also as the Sine
Fig . 7.
dence GE . For let CD represent the Section of the Sail
in a direct Position, and CG the fame in an oblique
Position , ’tis plain the Number of Particles striking it
in the former Case will be to the Number striking it in
the latter as CD to CF , which is equal to GE the Sine
of Incidence ; for all the Particles between AD and
BF will not come upon the Sail in the oblique Posi¬
tion CG . Since theq the Force of the Wind on the Sail
Square of
is on two Accounts as GE , it will be as the
GE.
the said Line
5. If we suppose the Velocity of the Wind to vary,
the Force thereof will be as the Square of the Veloci¬
ty ; for the greater the Velocity , the greater will be
the Stroke of each single Particle , and also the greater
will be the Number of Particles coming upon the Sail
in the fame Time ; the Force will be therefore as the
Squares of the Velocity.
6. Again , if the Area of the Sail be variable, the
Force of the Wind will be directly as the Area or Su¬
perficies of the Sail, because the Number of Particles of
the Aircomingupon it will always be proportional there¬
to, and consequently the Force with which they strike
it . Hence, if A , S, and V represent the Area, Sine
Sail, and
of Incidence , and Velocity of the Wind on one
the
compelling
Force
the
;
another
on
those
v,
s,
a,
lat¬
the
compelling
former to turn round will be to that
ter, as AXS ^XV 1 to aXs ' Xv\
7. When the Area of the Sail and its Position in re¬
spect of the Wind continue the same, the Force which
;
turns the Sail will be as the Squares of the Velocityand
Ve¬
since the Wind scarce ever blows with one uniform
Force
the
Blast,
every
locity , but varies with almost
upon the Sail will be much more variable and unequal;
-Mill
and therefore the Action or Working of a Windcannot
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cannot be so equal, uniform , and steady as that of a
Water -Mill , whose Power is always of the same Tenor,
while the Jet of Water is so.
8. If the Area of the Sail and the Velocity of the
Wind be supposed constant , the Force of the Wind in
the Diredt Position will be to that in the Oblique one
as G C to G E ’, as we have before shewn ; and it has
been also shewn that that Part of the Force which turns
the Sail is represented by E F , when G E is the whole
Force : But GE : EF ( : : GC : CE ) : : GE >:

(jr L

— to the Force which turns the Sail, when the whole
Force is represented by GE 1, as is here the proper Ex¬
pression of it.
9. This Expression — q ’q begins
~
from Nothing,
when the Angle of Incidence begins to be oblique , and
increases with the Obliquity of the said Angle to a cer¬
tain Number of Degrees ; because that Part of the
Force which is parallel to the Axis becomes lesser in
proportion to that which is perpendicular to it ; but af¬
ter it has pass’d this Limit , it again decreases, and be¬
comes nothing , when the Angle of Incidence vanishes ;
as is easy to understand by considering that the Quanti¬
ty of Wind on the Sail does in this Cafe continually de¬
crease.
10. There is therefore one certain Position of the
Sail, in which the Force of the Wind is greatest of all
upon it, or a Maximum ; and to find it, put Radius
GC —st, EC —x, and we have GE * — aa and
— *•* ,
ri
r » --.
CEXGE
aax—xxx. . .
consequently the Force -— — — —, which
(j C
«
must be a Maximum: Therefore

3xxx o-

its Fluxion aax—

; whence a a —3 * *, and so * —

which in Logarithms is 2° ,° ° Q° ° 0- ° ,477I2I =
2
9,761439 , which is the Logarithm Sine of the Angle
350 Iss—Angle CGE ; and therefore the Angle ECG
is
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equal to 54° 44% when the Force of the Wind is a
Maximum, as required.
11. The Angle now found , is only that which gives
the Wind the greatest Force to put the Sail in Motion,
but not the Angle which gives the Force of the Wind a
Maximum upon the Sail when in Motion . What this
Angle is Mr . MacLaurin has shewn in his Book of
Fluxions, and which I have further explained in a T reatife, intitled , New Principles of Geography
and Na¬

is

vigation.

12. Mr . Parent has also shewn that an Elliptic Form
of the Sails is better than the Parallelogram or long
Square ; and that the best Position of the Sail is not that
which is common, viz. with its longest Side or Dia¬
meter parallel to the Axis of the Sail ; but on the con¬
trary , it ought to be perpendicular to it ; that is, they
ought to be of such a Form , and placed in such a Man¬
ner , as represented in the Figure ; and after the four
Sails B, C , D , E , are thus placed in the Axis or Arm
A, they are then to be turn ’d about , and six’d under the PI. X. ,
proper Angle of Obliquity above-mention ’d.
Fig . - 13. There are three Things yet wanting to the Per¬
fection of a Wind -Mill . The First is, some Contri¬
vance in the Nature of a Fly to regulate the Motion of
the Train , under the irregular and unequal Impulse of
the Wind . The Second is, some other Contrivance to
supply the Hopper or Stones with more or less Corn , in
Proportion to the greater or less Strength of the Wind.
And , Thirdly, a Method of altering the Angle of the
Sail’s Obliquity from its Maximum of 540 44 ' at the Be¬
ginning of the Motion to its Maximum when in Mo¬
tion.
14. By means of an Anemoscope
(
hereafter
to be de¬
scribed) it will be easy to prove by Experiment what
Form of the Sails, that is, whether Rectangular or El¬
liptical , whether the Vertical or Horizontal Position of
the longest Diameter , and what Angle of Obliquity is.
best ; also whether the Surface of the Sails should be
plain or concave, with many other Things of this Kind.
But this must be done by as many particular Anemo¬
scopes, or in other Words , you must have an Anemo¬
scope for every particular Experiment , and all disposed
together in one common Frame ; the Reason is evident,
because
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because they all require the same Strength of Wind,
which cannot otherwise be had.
15. That these Things may be better understood, I
shall premise the following Definition of some Geome¬
trical Lines and Figures , which are absolutely necessary
to a compleat Knowledge of the modern Mechanical
Philosophy.
16. I take it for granted , that the Reader knows,
that if on any Point C , taken in the Right Line A B,
a Circle ADEF be described, the Point C is call’d
the Centre, and AE the Diameter of the Circle : To
which I shall add, that AC , orCE, is call’d the Ra¬
dius of the Circle , which is the same Thing as the Semidiameter.
17. If the Circle be divided into four equal Parts,
AD —DE —EF —FA , by the two Diameters AE , DF;
then each of the Areas ACD , DCE , ECF , FCA,
are call’d Quadrants, or Quarters of the circular Space;
and the Parts of the Circle AD , DE , E F , F A,
are call’d §)uadrantal Arches, or Quarters of the Circle.
18. Every Circle , great or small, is supposed to be divided into 360 equal Parts , call’d Degrees-, consequent ly each Quarter , AD , DE , lAc. will contain 90 of
those Degrees, as is evidently represented by the large
Half -Circle of Fig. 7 .
19. If two Lines BC and FC meet in a Point C ,
the Space FCB included between them is call’d an
Angle-, and the Measure of that Angle is the Number
of Degrees contain ’d in an Arch El of a Circle described on the Angular Point C, and included between
the said two Lines BC and FC . Thus the Angle in
the Figure contains 40 Degrees.
20. If a Line , as G C , be drawn through the 90th
Degree on the Point C , it will make the Angle on one
Side GCB equal to the Angle GCA on the other
Side, because each is equal to 90 Degrees. Such an
Angle is called a Right Angle; and the Line G C is
then said to be perpendicular to the Line A B.
21. The Angle FCB, which is less than a Right
Angle or 90 Degrees, is call’d an Acute Angle;and
the Angle HCB, which is greater than a Right Angle
or 90 Degrees, is call’d an Obtuse Angle. Again ; the
Arch

;
j
j
!
i
j

j
!
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Arch I D is called the Complement of the Arch E I to a
Quadrant E D , or 90 Degrees ; and the Arch A K is
called the Supplement of the Arch E K to a Semicircle
EDA, or 180 Degrees.
22. If from the Point I he let fall the Perpendicular
I L to the Line or Radius E C, . then is that Line I L
called the Sine of the Angle I C E or F C B. In the
fame Manner the Line I M is the Sine of the Comple¬
ment Arch I D , or Angle I C D . But instead of SineComplement
, we fay, in short, Co-Sine : Thus we fay
that IL is the Sine, and I M the Co-Sine, of the Angle
ICE. The Angle F C B is called the Inclination ot the
Line F C to the Line B C ; and the Angle F C D is
the Inclination of the Line F C to the Perpendicular
D C : That is, F C is inclined to B C in an Angle of
40 Degrees, and to D C in an Angle of 50 Degrees.
Hence I L and I M are called the Sines of Inclination re¬
spectively.
23. Hence, when we say, The Force of a direct Stroke
is to that of an oblique one as Radius is to the Sine of In¬
clination, we only mean, that those Quantities are to
each other as the Radius I C to the Sine I L , or I M,
acc rding as the Inclination is 40 or 50 Degrees. Also,
when it is said that the centrifugal Force decreases from the
Equator towards the Poles, in proportion of Radius to the
Co- Sines of the Latitude ; no more is meant than this,
that if the Radius C E represent the said Force in the
Equator E , and E I be any given Latitude , then, will
I M , the Co-Sine of the Latitude , represent the Force
in that Latitude : Or , the Force decreases with the
Length of the Line I M , as the Point I moves on from
E to D.
24. In several Books we have Tables of Numbers
Which express the Length of the Sine of every Degree
and Minute of the Quadrant , in suth equal Parts as the
Radius C E or C I contains 100000 . And firice it is
of the greatest Use to know the Proportion of Radius
to the Sine of every Degree, I have here subjoined a
't ' able thereof, and a Specimen of its Use,
Vol , I,
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Parts. D.
81915 73
82903 74
83867 75
84804 76
4 6975 22 3746040 64278
85716 77
5 8715 23
. 39° 73 4! 65605
6 10452 244° 673i42 66913 86602 78
8746 79
7 12186 25:4226114368199
8 13917 2643837 :44 69465, 8829. 80
9 -5643 27,45399 '45;70710 .63 89106 81
10 1736428 46947 46171933^ 4 89879 82
11 190802948480 .47,73135165 90630 83
I 2 20791 30,50000487431^ 66'9 -354. 84
IZ 22495!31,5 - 503 49 75470 67 92050 85
-4 24192,32 ^52991 :50 7660468 ^92718 86
-5 25881:33 54463 I51 777 146993358 87
88
16
27563 34^55919,52 78801 70 .93969
>7 29237^35 57357 53 79863 7 - 19455- 89
18 30901 ' 36 58778,54 80901 72,95105 90

Deg Parts. D .l Parts.
Sine of

Parts.

1743 19J32556 60181
3483 20 34202^ 61566
3 5233 21 35836j3962932

Parts.
95630
96126
96592
97029
97437
97814
98162
98480
98768
99026
99254
99452
99619
99756
99862
99939
99984
IOOOOO

25. The Use of this Table will be obvious from two
or three Examples . It was observed, that the Power is
to the Weight it sustains on any Inclined Plane IC , as
the Height of the Plane IL to the Length thereof IC y
that is, as the Sine of the Plane’s Inclination to the Radius
Suppose the Angle of Inclination ICE = 40 Degrees,
then will the Sine IL be equal to 64.278, and the Ra¬
dius CI — to 100000, which Numbers are as 64 to
100 ; therefore 100 Pounds will be sustained on the In¬
clined Plane by a Power equal to 64 Pounds nearly.
26. Again ; since EC = 100000 represents the cen¬
trifugal Force under the Equator , then will IM = 76604
(the Sine of 50 Degrees, and Co-Sine of 40 ) be as the
said Force in the Latitude of 40 Degrees : Which
Numbers are as 1000 to 766 ; and such is the Propor¬
tion of the Forces in those two Places.
27. In the same Manner , if the Radius CD —100000
express the Force of any <Hr eft Stroke, then will the
Sine IL —64278 be expressive of the Force of an oblique
Stroke in the Direction F C , every Thing else being
equal.
28. Again ; since the Force of a direct Stroke is exprefs’d by CD = 100000, if it were required to find
the Angle of Obliquity , such that the Force of the
Stroke
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Stroke shall be but one fourth Part so great , of 25000,
look in the Table for the Number nearest to this, and
you will perceive it to lie between 14 and 15 Degrees,
and therefore about 14 Degrees and a Half is the Angle
required.
29. In the last Place : It was said, That the Force of
the IVind on the Sail is proportional to the Squares of the
Sines of the Angle of Incidence. This
may be illustrated
by Numbers , thus : If the Sail be turned to the fame
Wind , first under an Angle of 45 Degrees, and then
under an Angle of 30 Degrees ; the Sine of the first
Angle is (by the Table) 707x0 , and of the latter
50000 , the Squares of which are 4999904100 and
2500000000 , which Squares areas 50 to 25 or ' as 2
to 1 ; and therefore the Power of the Wind is twice as
great upon an Angle of 45 Degrees, as upon an Angle
of 30.
30. Because the Square of the Sine of 45 Degrees is
5000000000 , twice that Square will be 10000000000,
which is equal to the Square of Radius IOOOCO
; it is
evident the Sum of the Squares of the Sines of any two
Angles above 45 Degrees will be greater than the
Square of Radius ; and therefore the Force of the
Wind upon two oblique Sails, in that Cafe, will be
greater than upon one Sail set direct before the Wind.
31. After the fame manner, the Table of Sines may
be applied to Calculation in any other Cafe of the like
Nature , where t '.e Proportion of Radius and Sine of an
Angle is required to be expressed or stated in Numbers.
And since each Degree is divided into 60 equal Parts or
Minutes, therefore the Sine of any Number of Degrees
and Minutes also may be easily found by the fore¬
going Table , by those who understand the Rule of
Proportion.
32. I shall only further observe here, that as I L is
the Sine, and L M the Co-fme, of the Arch I E : so if
on the extreme Point E of the Radius C E we raise a
Perpendicular which shall cut the Line C I, continued,
in F , then is the said Perpendicular E F called the
Tangent
Secant

of the Angle ICE,
and the Line F C the
of the fame Angle . In like manner the Per¬
pendicular D G is-the Tangent of the Angle D C I , and
0 . 2 GC
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I t

is to be observed ,

that

to

in order

turn a Ship about in the least Time , or
with the greatest Celerity possible, the
Rudder ought to make an Angle with the
Stern of 54 Degrees , 44 Minutes : And
also, that this is the Angle which the Gates
of a Lock upon a River ought to make with
the Sides of the River , in order to relist
the Water with the greatest possible Force.
(XLVII ).
I SHALL
G C the Secant thereof ; and therefore D G is the Co¬
tangent, and G C the Co- Secant of the Angle ICE.
I thought it necessary to acquaint the Reader with
these Definitions , because they sometimes occur in
Treatises of this Kind.
(XLVII ) 1. If AB F be the Rudder of a Ship,
Pl . XIII .
Big. 8. AH placed in tlic oblique Situation F C , and the Wa¬
ter striking against it in the Direction GC ; let C E
be Radius , then the Sine of the Angle of Incidence
will be F E , and so the Force of the Water against
the Rudder will be as F E *; but £ F is resolvable into
the two Forces F D and D E , of which the latter is
parallel, the other perpendicular to the Direction of
the Ship’s Course, and therefore F D is the only Part
of the Force that compels the Ship to turn round . But
EF is to FD ( :: C E : C F ) :: EF *: £- -- C* F£ 1 '

^ _

_

,

a ax—x’1

de

Maxlrnh & Mi-

that is (putting C E — s, C r — *) as -

so x will be found (by the Method
tiimis)

equal to

, and

; and therefore the Angle of In¬

cidence F C F = 54J 44 ', as before, when the Force
of the Water against the Rudder to turn the Ship is a
Maximum,

Me
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conclude this Lecture with a few
concerning Wheel - Carriages,
the

I shall
Words

2. After a like Manner we determine the Angle of
Position of the Gates A E , BE , of a Lock upon a
River , [viz. the Angle BAE = ABE) in which the
said Gates shall resist the Pressure of the Water with
the greatest Force possible. For if upon AB we de¬
scribe the Semicircle ADB, and continue A E to D;
then the Pressure of the Water against the Gate AE
will increase with the Length of the Gate , and the
Resistance of the Gate will decrease as the Pressure in¬
creases, and therefore it will be on this Account in¬
versely as the Length of the Gate , or as
3. Again, the Resistance will be diminish’d as the P1.XIII.
Length of the Gate increases, inasmuch as the Strength Fig . , 6.
of the Gate will be diminilh ’d in that Proportion , there¬
7^E , conscfore it will be on this Account also as A
quently the Resistance of the Gate on both these Ac¬
counts will be as - —
A E
4. Join B D and E C perpendicular to A B ; then we
; C* : : A B‘ : A D ; and here, because
have A E 1 A
A D * decreases as A E * increases, we (hall have the
Resistance expressed by A D\
5. But this Resistance is augmented by the Oblique
Pressure of the other Gate , which let be represented by
B E ; this Oblique Force B E is resolvable into two
Forces B D and D E ; which latter , as it is parallel to
the Gate A E , avails nothing , but the other B D being
at Right Angles thereto , is wholly spent in resisting
it ; therefore the whole Resistance the Water meets
with from the Gate A E , is as A D X B D.
6. This Expression, therefore, is to be determined
to a Maximum; in order to which , let A B = a, B D
— x, and then AD ' — a a — x x, and soA D 1X B D
-a ax
0. 3
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the whole Doctrine whereof (as it stands
on a Mathematical TheoryJ may
be re¬
duced
zz a a x — x ’, whose

pi .xiii.
Fig . 9.

Fluxion

a a x 3—

x x x — 0,

gives x — which
shews the Angle BAE = :
3
350, 16'' , as in the Examples above.
7. Since we are upon the Subject of Maximum!, I
shall here add Examples of two or three other Cafes of
the fame Kind , which it is hoped will be acceptable to
the Curious , and yet not besides the Purpose of Mecha¬
nical Gentlemen . Let B B be a Piece of Wood placed
horizontally , and supported by the Pieces AB , AB,
which make a given Angle ABC with the former ; it
is required to find the Positions of two other Pieces
AC , AC , given in Length , such that they shall sup¬
port the Piece B B with the greatest Force possible.
8. The Pieces AC , are fixed in A and C so as not to
slip, they are supposed to have no considerable Weight.
Then make BH ~\ AC , and from the Points A and
H draw the Lines A G , H K , at right Angles to BR.
If A C exp esses the absolute Strength of the Piece A C,
then A G will express the Strength with which it sup¬
ports the Piece B B, as being perpendicular thereto.
Now A G multiplied by the Lever (or Distance ) B C
from the Centre of Motion B, (which expresses the
Momentum or Force of the Piece AC ) ought to be a
Maximum.
9. To this End , put AC — a, GA =: x ; also HK = »,
and KB —m then
;
CC —^/aa —xx, and because of the
similar Triangles HKB , AGB , we have HK : KB : :
A G : G B—n

and

so

BC —

a a — xx — — x, and
n

AGXBC —x'Jaa —xx— —xx, whose
n
/

equal to nothing is x V
~ 0.

Fluxion made
XXX

aa

9 jj j

—xx — — —_ x x
V aa —-,xx n
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duced to the following Particulars , 'viz.
(1 .) Wheel - Carriages meet with less Re¬
sistance
xo. Therefore ^/aa —xx
Whence aa — 2xx —

xx
— —

m

2

\/aa —xx

—

—

n

x — 0 :

x \/ aa—xx — 0.

, .
And squaring; 1
each Part J a*4 a * st " 4-v

4mz , , , m*
a x st "4 ^7 *4

= 0.

And multiply - 7
J
ing by »

__ ^a
T

*x^

nzx*+

—
Jtmzx* 0.
HK *-f- KB 1,
But it is 4,^ -j- 4v? — because BH 1—
x4—0.
Therefore n* n4—4 n1a 1ar1—4?n4«'
And dividing ? , ^ ^ ,■4nz xz 4— mz xz-\-x*—o.
by a1 i
—
—
(
Whence again ri1a ’’—az x' -\ -x*=zo,because
\ni L——aa)
, ,
, ,
Hence by 7 .
1 ranspositionI
n\
, *+ ; flsl+== .
And compleat- 7
4
14
ing the Square j
But it is j aa*—az riL—aamz-^-a '’ nz—a' lV—a1m1.
' —a1mx.
Therefore x*—a 1aa
,
t
And extracting the l,\ x — {aa
— ±M 7n.
> 0
0t
I
Square Root .
sox~ \/ \ aa± .am.
•
Wherefore x' ~ { aa ± am ,- and
—BK )—0, in which Cafe
11. Hence ’tis evident if
the Angle ABC is a right one, then x—^ '_aa, and
therefore the Angle ACB will then be half a right one,
_
or 45 Degrees.
12. Since the two Values of x, viz . \/ {aa— am and
\/ {aa-{-am being squared, and the Sum of those
Squares are equal to the Square of the Radius , viz.
aa—am+ iaa + am—aa, therefore the two Angles, of
which x is the Sine, are Complements to each other.
Thus suppoie the Angle ABC obtuse, and =120 De¬
grees, or the Angle ABG — 60 Degrees ; then BK —
a .—' a, and so AG —x—\/ \aa—am—s/ {a a — +x a —
i «'
0 .4
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sistance than any other .
(2.) The larger
the Wheels the easier is the Draught of the
Carriage.
| a, therefore the Angle AGB is — 30 Degrees. But
if the Piece AC be placed on the ether Side AB , then.
x—\/ l aa-\-ain — \/ \ aa, and so the Angle A C B
would in that Cafe be — 60 Degrees, apd consequent¬
ly equal to the Angle AEG;
13. If the Angle ABC, instead of being obtuse,
were acute, and the Complement to this, we should
have AGXBC

= * i/sa—

xx — —
ft x x a Maximum, which would, in Fluxions, give the fame Value
for x as before, viz . \/ ~aa
am, which
if sub¬
stituted for x in the above Expression, will give
2a nn + a a m
1 a m m.
, .
, .
.
—, where tis plain st x; =
2n
r
,/T ,
nr
... , 2an’l-\-arm— 2amx
Y
am, the greatest force will be-—
——— ;
but if a- — v/ i a af- - (i m, then the greatest Force will
be Za
af ~ - 2 a nr : But x — \/T ~aa — a m
2n
is the Sine of 30°, and x ~ s/ \ a af- - a m is the Sine
of 6o° : therefore the Piece BB is supported with the
greatest Force bv the Piece AC when placed on that
Side B on whicn the acute Angle is.
14. If A G be a Piece of \V00d of an indefinite
P 1.XIII.
Length,
and fixed in A, so as to make a given Angle
tig . xo.
GAD with the horizontal Line AD ; let it be required
to find the Position of another Piece D E, given in
Length, such that it shall support the Piece A G with
the greatest possible Force. To this End make AC
;= ' a, and fromB let fall the PerpendicularC B ; ther;
since the Angle A is given, the Ratio of CB to AB is
given also, which let be as q to m that
;
is, let C B —n,
and AB
from the Point D draw the Perpendi¬
cular DF ( —x) to the Piece A G . Then if D E
(A"" a) expresses the whole Force of the Piece D E press.
* T •
V?§
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Carriage . (3.) A Carriage upon four
Jarge Wheels , of equal Size, is drawn
with
ing perpendicularly , D F will express that with which
it supports A G ; therefore D F multiplied by the Dis¬
tance from the Fulcrum A, or Lever A E , ought to be
L Maximum.
15. Now from the similar Triangles A C B, A D F,
we have CB : BA : : DF F:

A ——
n x, also FE =

a a — xx, therefore

A E — ^ a a — x x -j- — x,
n
which multiplied by D F — x, isAEXDF
x=
></ ' aa — xx j - - —xx, whose Fluxion made equal to
n
nothing wilj give x — >/ \ aa ± am, as before. If
the Angle A D E be acute , the Point E will fall be¬
tween F and A, and we shall have AE -

- x—
n

•J a a — xx and A E X D F n xx — x s/ a a — xx,
which fluxed will give the fame Value of x as before
found.
i6t In each Caso, it is plain x V
t ^ ^ ql ^ —•
Sine of 6o°, must be the Maximum, which if substituted
jn the Expression x s/ a a x—
Angle A D E

x -f- - xx , ( where the

oblique ) will give ^.

l!± aam + 2aaK
2n
— Force of D E which supports the Piece A G : But
m
jf a/ \ aa + am be put for X in the other Expression
n
xx —• s/ a a —
xx , we shall have for the said Force
is

(when the Angle is acute ) -

— -,
which is less than the other Forces ; and therefore the
Jatter Position is less advantageous than the former.
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with

less Force than

with

two of those

(4 .)
Wheels , and two of a lesser Size .
If the Load be laid on the Axle of the
larger Wheels ,

it will be drawn with less
Force

17. I cannot conclude this Speculation of the Maxima
and Minima of Quantities , without observing to the
Reader , that though the Method of discovering them
by Fluxions is a Part of Knowledge which the Mathe¬
maticians have but lately acquired , and which they
esteem the Sublimity of human Science, yet this very
Thing was imparted to the Inj'eSi Tribe at the first Cre¬
ation of Things ; for by this very Method it is that
Bees construct the Cells of their Combs in which they
deposit their Honey.
PlateXI. 18. Each Cell consists of six plain Sides, which are
Fig- 5- all Trapeziums, but equal to each other. The Bottom
of the Cell is contrived with three Rhombus’s H K D I,
D E F I, and F I H G , so disposed as to constitute a
Solid Angle at I , under the three equal Angles D I H,
D I F , and HIE; each of which is double the Maxi¬
44 ' = D I K a: D K 1. Hence
mum Angle of 540—
it comes to pass, that a less Quantity of Surface is suf¬
ficient to contain a given Quantity of Honey, than if
the Bottom had been flat, in the Proportion of 4658 to
5550 , as I have found by Calculation ; that is, -^ st,
or j- Part of the Whole , so far as the Figure of the Ends
of the Cells extends in each, which fifth Part of Wax
and Labour saved amounts to a vast deal in the whole
Structure of the Comb. And if those Creatures knew
their Advantage, they could not more nicely keep up to
the Rules of this sublime Geometry.
19. The last Thing among the Maxima, that I shall
Fig . 6.
mention , is, that if a Chain A B C be suspended by its
two Ends , it will sink down in such a Manner , by its
Gravity , as to form the Curve ABC, called the Cate¬
narian which if inverted, would exhibit the best Form
for an Arch of any other whatsoever. For the Demon¬
stration of this, we must refer the Reader to the Inven¬
tor Dr. Gregory , in Philos. Trans. N 9 231.
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Force than if laid on the Axis of the lesser
Wheels ; contrary to the common Notion
of loading Carriages before. (5.) The Carriage goes with much less Force on Friction- Wheels, than in the common Way ; all
which will be confirmed by Experiments
(XLVIII ) (XLIX .)
(XLVIII ) The Theory of Wheel -Carriages is as
follows : Let A P G E M be a Wheel , N D the hori¬
zontal Plane on which it moves, EF the Height of an
Obstacle over which it is to be drawn ; the Wheel ar¬
riving at the Obstacle, and touching the Top E , stands
upon the Point G , and presses it with its whole Weight.
Draw O E K , a Tangent to the Wheel in the Poiyt E,
and meeting the vertical Diameter A G produced, inO.
Draw the Radius E C , and E H perpendicular to A G;
and MC , m r, perpendicular to C E , and consequently
parallel to the Tangent O K . Lastly, draw the Ra¬
dius C m.
2. Since the Wheel gravitates in the Direction C O,
let C O express its Weight pressing the Point G ; this
may be resolved into two others C E and O E ; of
which CE presses the Top of the Obstacle, and is
wholly sustained by it ; the other Weight OE draws
the Wheel down in a Direction parallel to the Tangent
O K . Now let W = CO Weight of the Wheel , R —
Radius , H — EF , the Height of the Obstacle , and
x — OE ; then since OE : CO : : HE : CE, we have
TIT UT?
1
WXHE .
X :W : : H E : R , whence * — -

-K.-

; but , front

the Nature of the Circle , HE = ^/A H X H G —
\/ AHxEF
= ^/ 2RH H
— * ; therefore x —
W X v/ 2 R H — H H
R
3. A Force just equal to this Weight , x, and acting
in Opposition to it, that is, drawing the Wheel up¬
wards in the Direction C M parallel to E K , will just be
able
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able to make the Wheel rest on the Top of the Obsta¬
cle at E , without suffering any Part of its Weight to
rest on the horizontal Plane at G.
4. Now this Force must be increased if it acts in
any other Direction but that of CM ; for let it draw
the Wheel in the Direction Cot, between M and E,
then the Force may be resolved into two others C r, and
r ot, of which C r draws the Wheel directly against
the Top of the Obstacle E , and so is destroyed by equal
Re -action of the Point E ; what therefore remains to
draw it upwards in a Direction parallel to O K , is m r,
which is less than Cm orCM; and to be made equal
thereto , (as it must be to support the Wheel on the
Top of the Obstacle E ) it must be increased in the Ra¬
tio of Cot to tot , which let be as R to S (or as Ra¬
dius to the Sine of the Angle which the Direction of the
Force makes with C E ). But it is plain, the Force r m
cannot be increased, but the whole Force C M must be
increased in the same Proportion ; that is, when r tn be¬
comes — X f m, CM will become — X C M —
W X y/iRH
K

W
- H 1_
"

X

H*

X v/7 RH b

5. In order that the Wheels may be drawn over the
Obstacle F E , it is necessary the Direction of the Force
should lie between C E and CA ; for if it were in the
Direction C E , it could only draw the Wheel upon or
against, but not over the Obstacle ; and if it acted in
the Direction C A, it would not make it press against
the Obstacle, and consequently, could never draw it
over.
— H 1 — the Force sof6. LetF = W X v/aRH
S
ficient to sustain the Wheel on the Top E of the Ob¬
stacle, it is evident if W , R, H , continue the same, F —
the Force will always be less

as

the Sine of

the Angle E C ot is greater, till r m — C M , when {he
said Force will be least of all.
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7. If W and H be given, or always the fame ;

the

11

F — —— ^ (for here we suppose the Force ap¬
plied to draw in the most advantageous Direction , viz.
C M , where S becomes equal to R . ) If therefore the
Radii of four Wheels be 1, 2, 3, 4, then will ——4—be 1, ^ 3 */ 5 ^ 7 or
as the Numbers 1000,
2’
3'
\
866, 745, 661 . From hence it is evident how much
less Force is necessary to draw a large Wheel over any
Obstacle than a lesler one, when the Weight of the
Wheels are the fame.
7. If the Height of the Obstacle H be indefinitely
small and given, in which Case the Tangent O K will
coincide with the horizontal Line N D , and the Point
E with the Point G , very nearly ; and the Direction of
the Force be parallel toNDj then because H ’ is incon¬
siderable we reject it, and the Expression for the Force
will be F — ^ "y
fore not exprefs’d).

2for ( H is given, and there¬
And if W be also given, the

Force will be F — — 2 ^ or
R
n

,

V' K

a g.ven (Quantity ; but —^ —

F —
V R

—, because 2 is
K
therefore F —

-4 ^ .- ; that is, in cafe of rough unc\ en S lrfaces the
v/K
Force to draw the Wheel will be inversely as the Square
Root of the Radius or Diameter of the Wheel . Thus
if three Wheels are in Diameter as 1, 4, 9 ; the force
to draw them will be as 3, 2, 1.
8. If H — 0, that is, if the horizontal Plane on
which the Wheel moves be perfedtiy lmooth or plain,
W
_
then the Quantity — v' 2 R ti —- H 1 — 0 whence
;
it appears that no Force is required to msve an heavy
Body on an hg. iz ntal Plane which i$ persectly even.
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9. If the Height H of the Obstacle be proportional
to the Radius of the Wheel , that is, if H be as R , and
the Force draw in a Direction parallel to OK ; then
.because
r v/aRH
—H 1- ~ /2RR
- RR v— ^ R-*
R
R
“
R
— 1, therefore F — W , or the Force will be proportional
to the Weight of the Wheel.
10. If the Direction of the Force be parallel to the
horizontal Flane, that is, if C m be parallel to N D,
then because the Angle m C E is ( in that Cafe) equal
to the Angle C E H, their Sines will be equal, that is,
I7 )I =

CH

=

R

— H

;

therefore

the

Expression

of

the

Force (Art. 6 .) will become F-

WX/egH - H'
R—H
1
and if the Height H be given it will be F —
W X •/ 2 R — 1
R^ i
11. From the Expression F
we have this Equation — —

^ ~

^

^ — _2 _ , which

gives the following Analogy F :W :: \/1 R H — H *: S.
That is, The Force is to the Weight as the Sine of the
Angle ECH
(viz. E H ) is to the Sine of the Angle
m C E , which the Line of Direction makes with the Line
EC.
12. If the Obstacle is capable of bein 6 depress’d or
borne down by the Wheel the larger the Wheel the
greases will be the Force to do this ; for since C E re¬
presents the whole Force with which the Wheel bears
upon the Obstacle, and this is resolvable into the two
Parts C H and H E , of which the former C H being
parallel to E F tends to press it down , it will be exprefs’d by R — H, and since H is given, the depressing
Force will be as R — 1, and therefore will increase
with R , or the Radius of the Wheel.
13. If the Obstacle be such, as that it can neither
be surmounted nor depressed, but must be driven for¬
ward, the Force to do that will be expressed by H E =
V' 2 R H
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% which , since H is given , will be as

v/R — 1 ; but \/ R — 1 will be greater in Proportion
toR when R is small than when it is greater . Thus
if R = 2, then R
/
— 1 - 1 = \ R ; but if R = 5,
then
R —• 1 — 2, which is less than f R ; and if
R — 10, then
R — i — 3, which is less than 4 R ;
so that in this Respect small Wheels have the Advan¬
tage of large ones. But this Cafe seldom happens.
14. The principal Advantage of small Wheels is, PJ.XIII.
that in them the Line of Traction is not parallel to the jrjg ^ I2>
Horizon as C K , but inclined thereto in a certain
Angle , as C M , making with the Horizon the Angle
MCKj now if C M be parallel to the Tangent O K,
the whole Force will be employed to draw the Wheel
over the Obstacle E F ; whereas, if the Line of Trac¬
tion were parallel to the Horizon , the Line C K might
then express the Force , which being resolved into the
two Forces C E and K E , thews that the Part C E draws
the Wheel directly upon the Obstacle, and is therefore
lost by its Re-action ; and only the Part K E remains
to draw the Wheel over the said Obstacle ; and con¬
sequently the horizontal Direction is not the best, un¬
less upon a smooth and even Plane , where no Obstacles
and Ascents are to be surmounted.
15. From what we have said, it is evident that a
small Wheel , whose Radius is K E , and the Line of
Traction parallel to O K, is equivalent to a large
Wheel whose Radius is C K , and the Line of Traction
parallel to the Horizon N D ; but E K : C K : : H B :
OB :: C I : C E ; that is, the Radius of the smaller
Wheel is to that of the larger, as the Co -sine of the
Angle E C G to Radius,
16. Though the Force employed be never wholly
spent in drawing , but when the Direction is C N , pa¬
rallel to the Plane on which the Carriage moves ; yet if Fig . 13.
it be applied in that oblique Direction C M , where the
Breast of the Horse is higher than the Axle of the
Wheel C , in which Cafe only the Part B M is em¬
ployed in drawing , the other Part C B is not however
wholly lost, but is acting contrary to the Gravity of
the Carriage , and by that Means leflens somewhat of
the
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the Weight of the Load , by lifting it ( as it were) alortgj'
for in this Cafe the Horse not only draws, but also car¬
ries along ( n some measure) the Load.
17. On the contrary , if the Axle of the Wheel bd
higher from the Plane than the Breast of the Horse, that
is, if the Power be applied in the oblique Direction
C O , then the Part D O draws the Load along, but
the Part C D acting perpendicular on G draws the Load
directly against the Plane , and thereby increases the
Weight of the Load , or the Difficulty of drawing it ; and
is therefore the worst Direction in which the Force cai\
be any how applied in drawing . Hence it follows, that
(cestcris paribus) where the Wheels of a Carriage have
their Radius equal to the Height of the Horse’s Breast,
or Traces , the Draught will be easiest of all ; and
Wheels , whole Radius ’s are less than that , are better
than those Wheels whole Radius ’s exceed it.
18. A small Wheel B D C will descend farther down
PI. XIII.
Fig . 14. between two Obstacles D F and C E than a larger
Wheel ADC, as is evident from the Figure ; and
therefore the Draught is more difficult, and subject to
greater Shocks or Jolts , with the small Wheel , inas¬
much as its Axis, and consequently the Weight of the
Load , must be raised to a greater Height in order to
get from between them.
ig. Also in soft or yielding Ground , a small Wheel
will link deeper than a larger Wheel charged with the
same Weight . Thus suppose A B C be the Plane of
the Road, which is so soft as to permit the small Wheel
Fig . 15. to sink down to E , then the Weight must overcome the
Resistance of as much Earth as the Wheel in sinking
has displaced, that is, as much as is equal to the Seg¬
ment H E D ; if now the larger Wheel were to sink
to the same Depth , it must overcome the Resistance of
so much Earth as is equal to the Segment AEC, which
is greater than H ED , which is impossible, because the
same Weight can overcome but an equal Resistance in
either Wheel , therefore the larger Wheel will not sink
so deep as the smaller, and so will be drawn more
easily.
20. Since the Ends of the Axles, and the Holes iri
the Naves of large and small Wheels are equal , and
since
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fihce , in palling along, the small Wheel ( to measure the
same Length of Road ) must turn round upon its Axis
oftener than a large one ; it follows, that there will be
a greater Quantity of Friction in the small Wheel
than in the larger, and that in the same Proportion as
it is less, or as its Velocity is greater . Hence on Ac¬
count of this, and several other like Causes, small
Wheels are much more subject to be out of Repair,
to be at Fault , and to be worn quite out, than larger
ones.
2i . Next to the Conveniency mentioned Art. 14.
that of turning the Carriage in a smaller Compass, with
small Wheels , than can be done by large ones, has made
them more necessary in Waggons and Coaches, for be¬
cause of their Smallness they can be brought near to,
and partly under the Sides of the Carriage ; and so their
Axles lying more obliquely under the Bed of the Car¬
riage, admit it to be turned about with greater Ease,
(XLIX ) 1. To conclude these Mechanical Lec¬
tures, I shall give the Reader a short View of the fa¬
mous Controversy that has so long (about 80 Years)
subsisted between the Englijh and French Philosophers on
one Side, and the Dutch, Germans, and Italians on the
other . The Subject was, Whether the Force of Bodies
in Motion, striking each other, be proportional to the Sim¬
ple Velocity of the Motion, or to the Square of the Velocity?
'she English and French maintain the former ; the other
Gentlemen the latter.
2. This Dispute first commenced between Mr . Huygens and the Abbot Catalan, fboot the Force of Os¬
cillating Bodies ; it continued some Time between these
two' Gentlemen ; at last, another Subject of the same
Kind engaged the said Abbot with the famous Leibnitz,
who is to be esteemed the first Author , that plainly
declared, in express Words , That the Forces of Bodies
were as their Masses multiplied by the Square of the Velocity.
Catalan, and afterwards Mr . Papin, answered Leibnitz ;
he replied again, and several Papers were written on
the Subject.
3. It then became a Matter of general Enquiry , and
the Philosophers of every Nation began to consider
which Side to be of, and whether they should declare
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for the old or for the new Opinion. However , they did
here, as they do in Religion , go by a whole Nation to¬
gether ; the common Herd of Philosophers following
the Dictates of their Leaders. Thus Leibnitz, Polenus, S’Gravefande, and Mufchenbroek lead the German
and Dutch ; Papin, Mairan, c & . the French ; and Pernberton, Fames', Desagtdiers, Clarke,c & . the Englijh.
4. In this Controversy also, as in those of Religion,
the Opponents disputed with very great Warmth , won¬
dered at each other ’s Slowness of Apprehension , or
Backwardness of Belief ; and I wish I could fay, that
they had always observed such an impartial , free, and

fenerous
Behaviour and Stile of Expression
, the
)ignity of Philosophy demands. We should then per¬
as

haps have found Dr . Defaguliers better employed than in
blaming Dr . Samuel Clarke for uncivil Treatment, for
rude and impertinent Exprejftons,c & . in regard to those
who defend the new Opinion of the Square of the Ve¬
locity.
5. As it usually falls out in other Cafes, so here when
Men find themselves pressed with Difficulties and Ab¬
surdities in their Schemes and Notions , they have re¬
course to the Subtilties of Metaphysical Distinctions,
though seldom to any good Purpose. Thus when it
appeared too plainly by all Experiments , and even to
common Sense, that the natural Force of Bodies was
proportional to the simple Velocity and Mass of Matter
conjointly ; we were told it was necessary to distinguish
the Force of Bodies into two Kinds , viz. the Vis Viva
or Living Forceand
;
the Vis Mcrtua , or the Dead
Force.
6. By this Vis Viva, or *Living Force , we were to
apprehend that which resulted from the visible Action of
one Body upon another , as that of a falling Weight ;
but the Vis Mortua or Dead Force was to be understood
of that which was destroyed by a contrary Agent , as a
Weight in one Scale of a Balance is kept from descend¬
ing by a Counter -Poise in the other Scale. But un¬
luckily for the Author of this Refinement , both those
Forces appear, even by the Balance, to be in the Ratioof the simple Velocity into the Mass.
Thus
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7. Thus for the Living Force , if on the proportional
Balance you place 4 Ib. at the Distance of 6 Inches on
one Side, and 2 Ib. at the Distance of 12 Inches on the
other Side, and if the Balance be put into Motion , they
will each of them have a Vis Viva, or an active Force,
because they will keep the Beam in Motion for some
Time , till , by militating , they murder or kill each
other ; and then surely enough they become Vires Mortuæ, or Dead Forces.
8. But let us see how they exerted their Power
while living . One (A) acted against the other (B ),
with the Gravity of every Particle in a Mass of 4 Ib.
and with the Velocity in each Stroke that 6 Inches
Distance could give ; but since all allow the Weight tq
be as the Mass of Matter , and the Velocity as the Dis¬
tance from the Centre of Motion , therefore all the
Force which A exerted was as 4 X 6 — 24. In the
fame Manner it is shewn the whole Force of B acting
against A, was as 2 X 12 — 24 ; that is, in each
Cafe, the Force was as the Velocity into the Mass of
Matter . And because they were equal they destroyed
each other.
9. But had those Combatants A and B been armed
with Forces proportioned to the Squares of the Velo¬
cities , that of A would have been but 4X6 X 6 = 144;
whilst B would have had a Force equal to 2 X 12 X 12 =
288 ; by which he would have demolished A at one
single Stroke, and been the surviving Conqueror.
10. Let us now consider those two Bodies A and B
as dead, and fee what Forces they exert (Verbo detur
Venia) in that State . In order to this they must be
hung upon the Arms of the Balance, one on each
Side, till they are dead, i. e. motionless ; but this will
not happen till their Distances from the Centre of Mo¬
tion become reciprocally proportional to their Masses of
Matter ; and then it is plain the Cafe is the fame as be¬
fore ; for the dead Force of A will be as 4 X 6 = 24 = 2

X12= dead

Force

ofB. Whereas

if these

Force
?wero-

as the Masses into the Square of the Velocities, A of
4 Ib. and B of 2 Ib. ought to die at the Distances 6 and
8,4 Inches from the Centre respectively; but if the Ex¬
periment be tried there, such strong Symptoms as Life
R 2
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Will be found in A, as manifest the Falsity of this Hy¬

pothesis.
ix . Being driven from this Subterfuge, t’ .y seek
another in a critical Distinction between Force and Pres¬
sure . Pressure, fay they, is the Power with which Bo¬
dies act by Means of Instruments ; thus a Weight in
One Scale acts against the Weight in another by Pres¬
sure ; but the Power by which Bodies act on each other
alone , is properly called Force, as when one Stone strikes
another by falling on it, or a Hammer strikes an An¬
vil . The former they allow is proportional to the Ve¬
locity and Mass of Matter conjointly ; but the latter,
they fay, is as the Mass multiplied by the Square of the
Velocity.
12. But this Eclarcissement boots them as little as the
former , if they mean a momentary Impact or Stroke,
or such whose Effect is produced in a Moment of Time.
For in such a Case we say, the Stroke is in Proportion
to the Mass of Matter , and also to the Degree of Ve¬
locity , and therefore as both conjointly ; but we deny
there is any other Source of Power from whence a Bo¬
dy can derive any Force for producing a momentary
Effect : Nor have any of those Gentlemen been able to
shew there is, though some (bewildered in the Laby¬
rinth ) have attempted it ; but in how weak and ridicu¬
lous a Manner may be seen in a Piece intituled De Conser-vatlone Virium vivarum, Scc. And
it is worth the
Reader’s while to fee the jocular Confutation of this
ludicrous Piece by Phileleutheris Londinenfis.
13. If they fay, they would not be understood of
momentaneous Effects, but such as are produced in
Time , then they have no Antagonists . And it is plain
from their Experiments , that this is their Meaning after
all. For the Experiments which they so much insist
on , are such as are made by letting Bodies fall on soft
Substances, as Clay , Butter , &c. or by the Action of
Bodies on yielding Springs, or springy Bodies ; in all
which Cafes, the Effect is not produced instantaneously,
but in Time ; the Clay takes Time to recede, the
Spring to bend, £sV.
14. If the Time be taken into Consideration , then
fcvcry Body must know that the Effect will be propor¬
tional

MECHANI CS.
tiop.al to the Intensity of the Cause, and the Time of
its Continuance : Thus , for Example , the Effect of
Gravity on Bodies left to themselves causes them to
descend ; their Descent therefore will be proportionate
to the Power of Gravity upon them, and therefore
greater in those which fall freely, than in others which
descend on Inclined Planes in a given Time , where
Part of the Force of Gravity is destroyed by the Re¬
action of the Plane. But since the Action of Gravity
is not instantaneous , but continual , therefore its Effect,
j . e. the Descent of the Body, will be greater in Pro¬
portion to the Time of its continuing to act on the.
Body , separately consider’d from its intrinsic Force.
But this Force is as the Velocity produced by it in a
given Time ; also the Time is as the Velocity , when
the Force is given ; therefore the Effect, viz. the De¬
scent of the Body, is as the Square of the Velocity.
15. Or in Symbols thus ; let E — the Effect pro¬
duced by any Power — P, acting in any Space of Time
— T , upon any Body — Q__, moving with any De¬
gree of Velocity V . Then it is plain , E will be as
Q_=: Mass of Matter in the Body, when P , T , and
V , are given ; also the Effect E will be as the Intensity
of the Power P, when T , Q_, and V are given ; again,
when P, Q_, T , are given, E must be as V ; and lastly,
we stiall have E as T , when P, Q_, V, are given.
Therefore when neither of these are given E : Q_X P X
V X T ; and in cafe of any different Effect, let
qXpXvXt.
q,
16. Then supposing the Bodies equal, viz .
we have E : < : : PVT : p v t. Thus the fame or two
equal Bodies, descending on two Planes unequally in¬
clined , will descend thro’ Spaces, which will be as the
different Powers of Gravity P and p, as the different
Velocities V and v in any Point of Time , and as the
different Times T and t of their Descent, conjointly.
1j. If not only the Bodies i^ and q, but also the
Powers P and ^>which actuate them, be supposed equal,
in equal Bo¬
: V : tv. Thus
or P —p\ then E : e T
dies falling freely by Gravity , the Effect, or the Space
which they describe, will be as the Time T and t of
the Falls, the Velocities V and v at any Point of Time
R 3
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in the Fall . ^\ nd because in this Cafe the Velocity is
always proportional to the Time , that is%T : t : : V : v f
if we multiply each Ratio by the fame Ratio V : v, the
Analogy will still be the fame, viz. TV : t v : : V 1,: v1$
whence E : e V
: : 1: v* or
;
the Effect of falling Bodies
in describing the Space, will be as the Square of the
Velocities.
18. If we suppose the Times given, that is, T —t,
then ( the rest as before) we have E : e V
: : : v ; that is,
the Forces or Effects of equal Bodies, falling in equal
Times , are proportional to the simple Velocities.
19. If V — v, or the Velocities given ; then E : e;:
T ; t. Thus if two equal Bodies lying on an horizon¬
tal PJane, receive a Stroke each from Springs of equal
Force , then will the Velocities be equal in every Part
of the Motion , and the Effects E and e, in this Cafe,
being the Spaces described, will be as the Times of
their Motion.
20. Hence we have seen every possible Cafe wherein
the Forces of Bodies or their Effects can be supposed to
vary ; and it is plain there is none where the Force is
as the Square of the Velocity but where the Time is
concerned ; or where some one of the Factors Q _, P,
V , T , is proportional to the Velocity ; thus in spout¬
ing Water , because Q_ is always as V, therefore, tho’
T be given, E will be as Q_V, or as V2; for P also
in this Cafe is given, the Power of Gravity which
gives Motion to the Particles of the Fluid being always
constant.
21. Nor have they any Experiment which shews the
Force or Effects of Bodies proportional to the Squares
of the Velocities, but where the Time in which the
Effect is produced ought to be considered. Thus in
their famous Experiment of Cavities, formed in soft
Clay by falling Bodies, it is true, those Cavities are
the Effect of the falling Bodies, and proportional to
the Squares of the Velocity . But what is this to the
Purpose, unless they will fay, those Pits are instanta¬
neously produced, which I believe none will pretend to
sto?

It is evident, this Cavity must be proportional
so the Quantity of Matter put in Motion in the Clay,
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Hy the falling Body ; but this is proportional to the Ve¬
locity on two Accounts ; the first is, that every Particle
which comes in Contact with the Striking Body, re¬
ceives a Stroke proportional to the Velocity, therefore
also the Number of Particles which each of these can
move, will be as the Force of the Stroke, or as the Ve¬
locity of the falling Body. Secondly, among yielding
Particles , the Number which the falling Body can apply
to in a given Time , will be as the Velocity ; consequent¬
ly the whole Number of Particles which can be moved,
both immediately by the Body itself, and bv the Motion
communicated to the Particles , will be as the Square of
the Velocity ; and therefore the Cavity will be in the
fame Ratio also.
23 . We hence observe, the fame Method of Reason¬
ing may be applied to soft and yielding Substances, as
has always been used in the Cafe of unelastic Fluids ;
and for this Reason only, that in every Cafe of yielding
Particles , the Effect of a Body in striking them is not
destroyed momentaneously, but in Time , which Time
(cater is paribus) will be as the Velocity ; and therefore
E being as T V , and T , in all these Cafes, being as
V, it will be universally for all soft and yielding Sub¬
stances E : V \
24 . ' Hence we may observe that as Bodies are more or
less yielding or soft, so the Effect will be more or less
approaching to the Ratio of the Square of the Velocity.
This Consideration is of great Use in mechanical Astairs.
Thus a Hammer with a double Velocity will produce
much more than a double Effect in driving a Na 1;the
(ame may be said of a Rammer driving a Pile : Hence
the Reason why a small Hammer will by its Velocity do
more Execution upon red hot Iron , than the large Ham¬
mer by its Momentum. In short, all these Things are
so plain, and easy to be understood, that it is surprizing
to think how such a Dispute could subsist so long, and
occasion so much to be said about it.
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