from Eq. 7-2, Ap = F Ar = 0, so the total momentum doesn’t change. Thus
the general statement of the law of conservation of momentum is

LAW OF CONSERVATION
The total momentum of an isolated system of objects remains constant. OF MOMENTUM !

By a system, we simply mean a set of objects that we choose, and which may  Svsrens
interact with each other. An isolated system is one in which the only (significant)  fsolared svstem
forces are those between the objects in the system. The sum of all these
“internal™ forces within the system will be zero because of Newton’s third law. If
there are external forces—Dby which we mean forces exerted by objects outside the
system—and they don’t add up to zero (vectorially), then the total momentum of
the system won't be conserved. However, if the system can be redefined so as to
include the other objects exerting these forces, then the conservation of
momentum principle can apply. For example, if we take as our system a rock
falling under gravity, the momentum of this system (the rock) is not conserved: an
external force, the force of gravity exerted by the Earth, is acting on it and changes
its momentum. However, if we include the Earth in the system, the total
momentum of rock plus Earth is conserved. {This means that the Earth comes up
to meet the rock. But the Earth’s mass is so great, its upward velocity is very tiny.)

Railroad cars collide: momentum conserved. A 10,000-kg
railroad car, A, traveling at a speed of 24.0 m/s strikes an identical car, B, at
rest. If the cars lock together as a result of the collision, what is their common
speed just afterward? See Fig. 7-35.

APPROACH We choose our system to be the two railroad cars. We consider a very
brief time interval, from just before the collision until just after, so that external
forces such as friction can be ignored. Then we apply conservation of momentum.

SOLUTION The initial total momentum is
Pinltlal - ’nr\ ‘E:A + "IB I!B - ’"y\ Uf\
because car B is at rest initially (v = 0). The direction is to the right in the +x
direction. After the collision, the two cars become attached, so they will have
the same speed, call it #'. Then the total momentum after the collision is
Plinal — ('"A + ’nB)"“"
We have assumed there are no external forces, so momentum is conserved:
Pinitial = Prinal
mavy = (my + mghv'.
Solving for @', we obtain
. M o ( 10,000 kg
' A 10,000 kg + 10,000 kg
to the right. Their mutual speed after collision is half the initial speed of car A.

NOTE We kept symbols until the very end, so we have an equation we can use
in other (related) situations.

){24.0 m/s) = 12.0m/s,

(H
my + mg

FIGURE 7-5 Example 7-3.

(a) Before collision
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{b) After collision
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