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12. Impulse & Momentum

Linear momentum, p, of a body of mass, m, with velocity,
v, is a vector quantity defined as p = mu.

Impulse: If a constant force, F, acts over a time, ¢, on the
body then the impulse of the force is defined as Impulse =
F't. Impulse is a vector quantity. The unit of impulse is
the same as the unit of momentum.

Relationship between momentum and impulse: If a force
acts on a body over a time ¢, the impulse of the force
equals the final momentum minus the initial momentum.
For the case of a constant force,

Ft=mv —mu

Principle of conservation of linear momentum: When no
resultant external force acts on a system of interacting
(colliding) particles the total momentum of the system
remains constant.

The collision of two bodies: An elastic collision is one in
which the total kinetic energy is conserved. An inelastic
collision is one in which the total kinetic energy always de-
creases. Consider the collision between two spheres mov-
ing in the same line.

before collision after
O»0O—» OO OO~
Let u, , Y U,

my, m2 = the masses of the two spheres
w1, uz = the velocities before collision
w1, v2 = the velocities after collision
Ve = U1 — uz = the speed of approach
vy = v2 — v1 = the speed of separation
In a collision v, and vs are connected by the relation
Vs = €Va, O v2—uv1 =e(u —usz)
where 0 < e < 1 and is called the coefficient of restitu-
tion.
In an elastic collision, e = 1. For an elastic collision
miy + maevs = My + maus
%ml uf o o %mgug
In the case of spheres having the same mass (m; = ma)

1 2 4+ 1 2
—myv] + =mav; =
2 2

Uz =11, U =UV2
which means the spheres exchange velocities.

In a ‘perfectly inelastic’ collision, where the bodies coa-
lesce, e = (0. Then v; = vs; there is no rebound, as shown.

before collision after
w, U, =1,

32915. Media Services. July 2007.
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13. Rigid bodies

Consider an axis perpendicu-
lar to the plane of the paper
and passing through O. The K Line of

rigid body is acted upon by Action of E
the forces F'; and F,, lying
in the plane. F,, F, produce
anti-clockwise/clockwise rota-
tion about the axis, respec-
tively. By convention, anti-
clockwise rotation is taken as
positive. The moments of F,

J
Line of

Action uf_fz'

and F, about the axis throngh £
O are defined by
F1=+F1£1 1—\2=_F2£2

where I} and Iz are the perpendicular distances of the lines

of action of ', and F, from O. The line of action of a force

is a line with the same orientation as the force and which

passes through its point of action.

For rigid bodies there are two necessary conditions for

equilibrium:

First condition: When a body is in equilibrium the re-

sultant force, R = (R, R,, R-), of all the forces acting on

it, is zero. (This condition also applies to particles.) Thus
R=20 R.=0 Ry =10 R.=0

where R,, R, and R. are the net sums of the =, y and =z

scalar components of the forces, respectively.

Second condition: When a body is in equilibrium the

sum of the moments, about any arbitrary axis, is zero:

Er'=0

Centre of mass: This is the point in a body such that an

external force produces an acceleration just as though the

whole mass were concentrated there. Let (T,7,%) be the

coordinates of the centre of mass of a system of particles,

each of mass m;. mo, .... and centres of mass located at

(®1,y1,21), (x2,42,22),.... Then

Ymiyi _ Ymaizi
Ym; Ymy;

_ Ymiz
T =
Em,-

=

from which

Emi(zi —T) =Zmi(y; — 7)) = Emi(z: —2) =0
Then the sum of moments about an axis through the cen-
tre of mass is zero. Symmetry can be useful in finding
the centre of mass. The centre of mass of a homogeneous
sphere, circular disk or rectangular plate is at its centre.
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5. Forces (2)

Friction: The force which prevents, or tries to prevent, the
slipping or sliding of two surfaces in contact is called fric-
tion. When the surface of one body slides over another,
each body exerts a frictional force on the other, parallel to
the surfaces. The frictional force on each body is opposite
to the direction of its motion. Frictional forces may also
act when there is no relative motion, as shown.

(a) e (b)

Motion

m

A cord is attached to a block of weight W = mg and
the tension, T, in the cord is such that the block remains
at rest (diagram (a)). Diagram (b) is the corresponding
separated body diagram. P is the force exerted on the
block by the surface. N and F_ are the components of
P, normal to and parallel to the surface. F_ is called the
force of static friction. From Newton’s 2nd law,

N=-W and F,=-T
with corresponding scalar forms
N=W and F,=T
As T is increased, a limiting value is reached after which
the block starts to move. Thus there is a certain max-
imum value which F, can have. The magnitude of this
maximum value depends on the normal force N and a
useful empirical law is
Fo(max) = ps N

where p is called the coefficient of static friction. The
magnitude of the actual force of static friction can take
any value between 0 and Fi(max). Thus

F-e g s N
As soon as sliding begins, the friction force decreases. This
new friction force, F,, also depends on the normal force.
The empirical law used is

Fy = u N
where p is the coefficient of sliding (or kinetic) friction.

The values of p1s and py depend on the nature of the two
surfaces which are in contact.
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6. Kinematics: Rectilinear Motion

A particle is a body which can be modelled as a point
mass in a given context. For example, for the motion of
the planets about the Sun, then the Sun, Earth, etc., can
be regarded as particles.

Kinematics is the study of the motions of particles and
rigid bodies without any consideration of the forces re-
quired to produce these motions. Rectilinear motion is
concerned with the motion of a single particle along a
straight line.

Constant acceleration: The equations of motion are

v = u-at
1 1. .3
s = Q(u +v)t or s=ut+ —2~ui
¥ = u?+2as

where a is the (constant) acceleration, ¢ represents time,
v is the velocity at time ¢, u is the velocity at t = 0, s
is the displacement at time ¢, and s = 0 at { = 0. These

. . dv ds
equations are obtained from i a and i .

The curve shown here
is the displacement-time
graph for motion with e f
constant acceleration. The ;
slope of the tangent at time
t equals the velocity at :
time ¢. t

“~Slope = u

~
Slope = v

The diagram here shows
a velocity-time graph
for rectilinear motion with
constant acceleration. The
area under a velocity-time
graph equals the displace-
ment. The gradient of the
line represents the acceler-
ation.

Non-constant acceleration: Here the acceleration, a, is
a function of time, t. As for constant acceleration, the

[Po—v—

. . . ] . . dv
equations of motion are found by integrating Fie a(t)

anlﬁ—v
C dt_ .
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7. Motion in a Plane: Projectiles

Any object that is given an initial velocity and which sub-
sequently follows a path determined by the gravitational
force acting on it and by the frictional resistance of the
atmosphere is called a projectile.
v

;—_.- T 1
..r yIllilX

Consider a body projected from the origin (0,0) with ini-
tial velocity u = (us,uy) at an angle of departure fy.
At any later time ¢, let (z,y) be its coordinates, and
v = (vg,vy) its velocity. @ is the angle v makes with
the horizontal, measured in an anti-clockwise sense. If
we neglect air resistance, the motion of the projectile can
be described as a combination of horizontal motion with
constant velocity and vertical motion with constant accel-
eration. This follows from Newton’s Second Law which,
in component form, gives

dv,

dt

= —g and so v, = u, — gt = usinfy — gt

=0 and so v, = u. = ucosfy

duy

dt

The speed v and angle # are then given by
i v

v = vi+ v} tanf = -2

Ve

The coordinates of the projectile are
T = u,t = (ucosth)t
| : 1 2
y = uyt — =gt* = (usinfo)t — = gt
y=tyt- 59 (wsinfy) 39

The two preceding equations give the equation of the tra-
jectory in terms of the parameter t. By eliminating ¢, the
equation in terms of x and y is

g 2
T Su?cos? B
This last equation can be recognised as the equation of a
parabola. At the highest point, the vertical velocity, v,
is zero, and hence the time to reach the highestonith- is
m The highest point is given by ymax = %"GU
'l‘hé_:JI horizontal range, R, is the horizontal distan(:egfrmn
the starting point to the point at which the projectile
returns to its original elevation, and at which therefore
u? sin 20,

y = (tanfy)x

y = 0. Hence R = . The maximum range occurs
T u?

when sin 26y = 1, i.e. when 6y = 1 and then Ry = —.
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