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CHAPTER 9 Linear Momentum and Collisions

SUMMARYy
The linear momentum p of a particle of mass m moving with a velocity v is
p = mv (9.1)

The law of conservation of linear momentum indicates that the total mo-
mentum of an isolated system is conserved. If two particles form an isolated sys-
tem, their total momentum is conserved regardless of the nature of the force be-
tween them. Therefore, the total momentum of the system at all times equals its
initial total momentum, or

Pii t P2 = Pyt Py (9.5)

The inlpulse imparted to a particle by a force F is equal to the change in the
momentum of the particle:

lr
1= j F di = Ap (9.9)
li

This is known as the impulse—momentum theorem.

Impulsive forces are often very strong compared with other forces on the sys-
tem and usually act for a very short time, as in the case of collisions.

When two particles collide, the total momentum of the system before the colli-
sion always equals the total momentum after the collision, regardless of the nature
of the collision. An inelastic collision is one for which the total kinetic energy is
not conserved. A perfectly inelastic collision is one in which the colliding bodies
stick together after the collision. An elastic collision is one in which kinetic en-
ergy is constant.

In a two- or three-dimensional collision, the components of momentum in
cach of the three directions (x, y, and z) are conserved independently.

The position vector of the center of mass of a system of particles is defined as

Zmx;
rewm = IM (9.30)

where M = 2m; is the total mass of the system and r; is the position vector of the
ith particle.

The position vector of the center of mass of a rigid body can be obtained from
the integral expression

1
Tom = r jr dm (9.33)
The velocity of the center of mass for a system of particles is
om;v;
Vou = ~—— (9.34)

The total momentum of a system of particles equals the total mass multiplied
by the velocity of the center of mass.
Newton’s second law applied to a system of particles is
d
S Feu = Macy = 2t (9.38)
dt
where acy is the acceleration of the center of mass and the sum is over all external
forces. The center of mass moves like an imaginary particle of mass M under the



