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Impulse of a force

Impulse—momentum theorem
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Figure 9.4 (a) A force acting on

a particle may vary in time. The im-
pulse imparted to the particle by
the force is the area under the
force versus time curve. (b) In the
time interval A/ the time-averaged
force (horizontal dashed line)
gives the same impulse to a particle
as does the time-varying force de-
scribed in part (a).

CHAPTER 9 Linear Momentum and Collisions

changes from p; at time ¢ to pyat time {j, integrating Equation 9.7 gives

b
Ap =p;— p; = J F dt (9.8)
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To evaluate the integral, we need to know how the force varies with time. The
quantity on the right side of this equation is called the impulse of the force F act-
ing on a particle over the time interval At = { — (. Impulse is a vector defined by
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(9.9)

The impulse of the force F acting on a particle equals the change in the mo-
mentum of the particle caused by that force.

This statement, known as the impulse-momentum theorem,® is equivalent to

Newton’s second law. From this definition, we see that impulse is a vector quantity
having a magnitude equal to the area under the force—time curve, as described in
Figure 9.4a. In this figure, it is assumed that the force varies in time in the general
manner shown and is nonzero in the time interval At = i{r— {;. The direction of
the impulse vector is the same as the direction of the change in momentum. Im-
pulse has the dimensions of momentum—that is, ML/T. Note that impulse is not
a property of a particle; rather, it is a measure of the degree to which an external
force changes the momentum of the particle. Therefore, when we say that an im-
pulse is given to a particle, we mean that momentum is transferred from an exter-
nal agent to that particle.

Because the force imparting an impulse can generally vary in time, it is conve-
nient to define a time-averaged force
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where At = t;— ;. (This is an application of the mean value theorem of calculus.)
Therefore, we can express Equation 9.9 as

(9.10)

I=FA (9.11)
This time-averaged force, described in Figure 9.4b, can be thought of as the con-
stant force that would give to the particle in the time interval A the same impulse
that the time-varying force gives over this same interval.

In principle, if F is known as a function of time, the impulse can be calculated
from Equation 9.9. The calculation becomes especially simple if the force acting
on the particle is constant. In this case, F = F and Equation 9.11 becomes

I=FA¢ (9.12)

In many physical situations, we shall use what is called the impulse approxi-
mation, in which we assume that one of the forces exerted on a particle acts
for a short time but is much greater than any other force present. This ap-
proximation is especially useful in treating collisions in which the duration of the

9Although we assumed that only a single force acts on the particle, the impulse—momentum theorem is
valid when several forces act; in this case, we replace F in Equation 9.9 with >F.



