PART THE FIRST.

CHAPTER 1
ON TRAINS OF MECHANISM IN GENERAL.

18. MecHaNisM may be defined to be a combination
of parts, connecting two or more pieces, so that the motion
of one compels the motion of the others, according to a law
of connexion depending on the nature of the combination.
The motion of elementary combinations are single or ag-

gregate.

Aggregate motions are produced by combining in a
peculiar maoner two or more single combinations, as will
hereafter appear in Part II. All that follows in this Part
relates to the single combinations alone.

19. The motion of every piece in a machine being
defined, as in the Introduction, by path, direction and velo-
city, it will be found, that its path is assigned to it by its
connexion with the frame-work of the machine; but its
direction and velocity are determined by its connexion with
some other moving piece in the train. Thus a wheel de-
scribes circles, because its axis is supported by holes in the
frame; but it describes them swiftly or slowly, backwards
or forwards, by virtue of its connexion with the next
wheel in the train, which lies between it and the moving
power.

This connexion affects the ratio of the velocities, and
the relative direction of motion of the two pieces in ques-
tion, but its action is independent of the actual velocities or
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directions of either piece®, as in the familiar example already
quoted of the two hands of a clock, where the connexion by
wheel-work is so contrived, that while one hand revolves
uniformly in an hour, the other shall revolve uniformly in
twelve. But this counexion has this more general property,
that it will also compel the latter to revolve with an angular
velocity of one twelfth of the former, whatever be the actual
velocity communicated to either; as, for example, when we
set the clock by moving the minute-hand rapidly to a new
place on the dial, and similarly with respect to direction,
the two hands will always revolve the same way, whether
we turn one of them backwards or forwards.

Since Mechanism is a connexion between two or more
bodies, governing their proportional velocities and relative
directions, and not affected by their actual velocities or
directions; it follows that a systematic arrangement of the
Principles of mechanism must be based upon the proportions
and relations between the velocities and directions of the
Pieces, and not upon their actual and separate motions.

20. Proportional velocities may be divided into those
In which the ratio is constant, and those in which it varies.

: : V .
Let V and v be the velocities of two bodies, then — is
v

the velocity ratio; and if the velocities are uniform, let .S, &

. V
be the spaces described in the same time 7'; .. — = S
v 8

& constant ratio; consequently between uniform velocities the
velocity ratio is constant, which indeed is sufficiently obvious.

If however the velocities be not uniform, and yet the
velocity ratio constant, let the bodies in any successive

i * We shall find a fow contrivances in which this is not atrictly true with
€spect to the direction, but they are not of a nature to vitiate the generality of

the prineiple.
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intervals of time 7", T',, 7', ... move with velocities V, V ,

V,...and v,v,,v, respectively, of any different magni-

tudes, but so that the two velocities at the same instant
always preserve the same ratio;
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Hence if §, 8,8, ...and 3,8, s, be the spaces de-
scribed with these velocities by the two bodies in the inter-
vals T, T, T respectively, we have

s 8 S, S+ 8+8 +...
C= — 22 =2 = ,0cees = .
8 8, 8, 8§+8,+8, +...

And as this is true whatever be the magnitude of
the intervals of time, it is also true when they are taken so
small that the changes of velocity become continuous, and
therefore when the velocity ratio is constant it is obtained
by comparing the entire spaces described in the same in-
terval of time, whatever changes the actual velocities of
the bodies may have undergone during that time.

And in the same manner it may be shewn that in re-
volving bodies the angular velocity ratio, if constant, is
equal to the ratio of the synchronal rotations, notwithstand-
ing the velocities of rotation may vary, and also to the
inverse ratio of the periods if the angular velocities be
uniform.

When the velocity ratio varies, the relations of motion
between two pieces may often be more simply defined by
means of the law of their corresponding positions than by
the ratio of their velocities.

21. With respect to actual direction we have seen
that it has only two values, but the relation of direction
between two bodies moving in given paths may be con-
veniently divided into two classes. In the first, while one
continues to move in the same direction, the other shall also
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+s own direction ; but if one change the other

persevere in 1t
ghall change.

this instance both hands move the same way round the circle.
But this is not necessary; it may-be that when one piece
revolves to the right the other may revolve to the left,
and vice versa, as in a pair of ﬂa,ttmg rollers ; or again
in the old simple mangle, so long as the handle is turned
in one direction, the bed of the mangle will travel forwards,
but when the motion of the handle is reversed, the bed of

To this class belongs the clock-hands; and in

the mangle also returns. 1In all these cases the directional
relation is constant. In another class the connexion is
of this nature, that while one body perseveres in the same
direction, the other shall change its direction; as, for ex-
ample, in a saw-mill. The saw-frame moves up and down,
changing its direction periodically, but the piece from |
which it derives this motion revolves continually in the
same direction. In cases of this kind the directional
relation changes.

99. We have thus two kinds of directional relation,
and two of the velocity ratio, by means of which it will
appear, that all the simple combinations of mechanism, for
the modification of motion, may be distributed into three
classes :—

CrLass A. Directional relation and Velocily ratio
constant.

Crass B. Directional relation constant— Velocity
ratio varying.

Crass C. Directional relation changing periedical-
ly—Velocity ratio either constant or
varying. | |

This latter class might have been divided into two,

by arranging the constant and variable velocities under
2
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separate heads; but it will be found that the contrivances
for effecting these two conditions are so much alike, that this
division would only introduce needless complication.

23. In those classes of combinations in which either
the velocity ratio or the directional relations change, it will
generally happen, from the very nature of mechanism,
that the changes will recur in cycles. But, since these
changes are independent of the actual velocities of the
bodies, the cycles cannot be periodic in time, but will
recur with reference to the path of one of the moving
bodies, the same velocity ratio and directional relation
generally corresponding to the arrival of this body at the
same point of its path, and so on in succession for the
different phases. The true argument*, as it is called, of
the change being in fact the path of one of the bodies,
and not the fime of its motion.

24. A train of mechanism is composed of a series of
moveable pieces, each of which is so connected with the
frame-work of the machine, that when in motion every point
of it i1s constrained to move in a certain path, in which,
however, if considered separately from the other pieces,
it is at liberty to move in the two opposite directions,
and with any velocity. Thus wheels, pullies, shafts, and
revolving pieces generally, are so connected with the frame
of the machine, that any given point is compelled when in
motion to describe a circle round the axis. Sliding pieces
are compelled by fixed g’uides to describe straight lines,
and so on.

25. These pieces are connected in successive order,
either by contact or by intermediate pieces, so that when

* Vide Whewell’'s Philosophy of the Inductive Sciences, Vol. 11. p. 542.
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the first piece in the series is moved from any external
: pels the second to move, which again gives

6. The act of giving motion to a piece is termed
drii?iﬂg it, and that of receiving motion from a piece is
termed following it. The piece or part of a piece which

is appmpriated to transmitting motion to the mext is the

driver, and the part which receives motion is the follower.

947. The law of motion of one piece in 2a train may
differ in any way from the law of motion of the next piece
in the series, and the change is effected by the mode of
connexion. The systematic examination of the different
cases under which these changes may be arranged, consti-

tutes the principles of mechanism.

One piece may drive another either by immediate con-
tact or by an intermediate or connecting piece. The dif-
ferent modes of doing it will be best explained by taking an
example of each in its most elementary and general shape.

08. Communication of Motion by Contact. Let AC,
BD be two successive pieces of a train of mechanism, moving .
on centers 4 and B respectively, and let
BD be the driver, and AC the follower,
the curved edge of the first touching
that of the second. If the driver be
moved into a new position near the first, ,:-D
as shewn by dotted lines, its edge will \
press that of the follower, and move it 1
also into a new position. Let m be the |
point of contact in the first position, and
let » and p be the respective points of
the edges that come into contact in the

second position as at 7. Now, during the motion every

1







