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FIGURE 7-19 Obiject A, the projectile, collides >~ /0B
with object B, the target. After the collision. they s

move off with momenta p), and pg at angles
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FIGURE 7-20 Example 7-11.
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Figure 7-19 shows the incoming projectile, m, , heading along the x axis
toward the target object, my. which is initially at rest. If these are billiard balls,
m , strikes my and they go off at the angles &), and ). respectively, which are
measured relative to my’s initial direction (the x axis).'

Let us apply the law of conservation of momentum to a collision like that of
Fig. 7-19. We choose the xy plane to be the plane in which the initial and final
momenta lie. Momentum is a vector, and because the total momentum is
conserved, its components in the x and y directions also are conserved. The
x component of momentum conservation gives

Pax t Pox = Piax + Py
or, with Prx — Mgy — 0,
(7-8a)

where the primes (") refer to quantities after the collision. Because there is no
motion in the v direction initially, the ¥ component of the total momentum is
zero before the collision. The ¥ component equation of momentum conserva-
tion is then

Hia Uy = Mg v cOS By + vy cos by,

Pay * Poy = Py + Phy

or

0 = m, v, sin @y + myoysin by,

(7-8h)

Billiard ball collision in 2-D. Billiard ball A moving with
speed v, = 3.0m/s in the +x direction (Fig. 7-20) strikes an equal-mass ball
B initially at rest. The two balls are observed to move off at 457 to the x axis,
ball A above the x axis and ball B below. That is, #, = 45 and #; = —45° in
Fig. 7-20. What are the speeds of the two balls after the collision?

APPROACH There is no net external force on our system of two balls,
assuming the table is level (the normal force balances gravity). Thus
momentum conservation applies, and we apply it to both the x and v compo-
nents using the xv coordinate system shown in Fig. 7-20. We get two equa-
tions, and we have two unknowns, v, and »j,. From symmetry we might guess
that the two balls have the same speed. But let us not assume that now. Even
though we aren’t told whether the collision is elastic or inelastic, we can still
use conservation of momentum.

SOLUTION We apply conservation of momentum, Egs. 7-8a and b, and we
solve for ¢, and vj;. We are given m, = my(=m), so

(for x)

muv, = mv, cos(45%) + muy cos(—45°)

and

(for v) 0

The m’s cancel out in both equations (the masses are equal).

mu'y sin(457) + muj sin{ —45°).

"The objects may begin to deflect even before they touch if electric, magnetie, or nuclear forees act
between them. You might think. for example, of two magnets oriented so that they repel each other:
when one moves toward the other, the second moves away before the first one touches it.

CHAPTER 7 Linear Momentum



