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2. For each of these questions, there is a conceptual way and a mathematical way to get to the
right answer. I will describe both.

a. Conceptually: We know from experience that the golf ball will bounce back from the
bowling ball with roughly the same speed, just slightly slower. Therefore, the golf
ball’s momentum will be comparable in magnitude before and after the collision,
about mv. Momentum is conserved, so the change in momentum of the golf ball will
equal the change in momentum of the bowling ball. Since the momentum of the golf
ball after the collision is in the opposite direction of the initial momentum, the change
in momentum of the golf ball (and therefore the bowling ball’s final momentum) has
magnitude of 2mv. Therefore, the bowling ball has more momentum.

Mathematically: Use the equations that result from conservation of kinetic energy
and momentum in elastic collisions with object 1 (golf ball) initially moving at speed
v and object 2 (bowling ball) at rest:

If my >> my, then

and
‘ Py = my
| Dy = m,v

so the momentum of the bowling ball is greater.

b. Conceptually: The kinetic energy of the golf ball will decrease only slightly since the
speed is about the same, whereas the bowling ball will have a tiny speed. So, even
though mass is a factor in kinetic energy, the squared speed rules the day.

Mathematically: The kinetic energy of the golf ball after the collision will be
approximately KE, = %mlv2 . The KE of the bowling ball after collision (using
previous result) will be

2
KE, :%mﬂ;f =2y

m,
Since
1 S 2m,

2 m,




the kinetic energy of the golf ball is more.

Conceptually: From the point of view of the bowling ball (or in fancy terms,
reference frame), the collision looks the same as in the original case. So there should
be the same momentum transfer, and so the golf ball should have a speed of 2mv.
The bowling ball’s velocity won’t change much at all, but the golf ball will bounce
off of it like a tennis ball during a serve.

Mathematically: See Conceptual Checkpoint 9-4 in Walker. Using

m, —m,

V,, =—=y
1f
m, +m,
_ 2m
Vyp = %
' m, +m,

again, but this time object 1 is bowling ball and object 2 is golf ball, we find in the
case that m, << m that

Vlf =V

vy, =2v

Conceptually: There will be almost no change of momentum of the bowling ball.
The final momentum of the golf ball will be small compared to the bowling ball, even
though it will be moving twice as fast, because it has such a smaller mass.

Mathematically: m;v>2myv.
Conceptually: Although the golf ball is moving twice a fast, the mass of the bowling

makes up for this fourfold factor in the kinetic energies. The bowling ball has more
KE.

. 1
Mathematically: Emlv2 >2m, v’








