Physics H7A, Fall 2012 Instructor: Professor Adrian Lee

Midterm Examination #2, Thursday, November 8, 2012

Please do work in your greenbooks. Show your reasoning carefully so that we can be sure that you derived the
answer rather than guessing it or relying on memory; in addition, this enables us to give partial credit. You may
use one double-sided 3.5 x 5 index cards of notes. Test duration is 90 minutes.

1 Three ball collision [25 pts. total]

Ball 1 traveling with velocity v collides with ball 2 and ball 3, both of which are
initially at rest. The order of the collisions doesn’t matter. All three balls have
the same mass m, but their diameters are different. The collisions can be elastic or

i tic, and there is no friction. For each part below, explain your reasoning and
be asquantitative as possible. After the collisions: N
a) Could ball 1 end up with velocity v; = —vp? [5 pts.] vy —

b) Could |f;| # |63] if ball 1 ends up at rest? [10 pts.]

¢) If ball 1 ends up going in the opposite direction compared to its initial direction,
could all three balls end up with the same speed but going in different directions?
[10 pts.]

2 Billiard Balls [25 pts. total]

A billiard ball with radius R initially at rest is given a sharp blow by a cue stick.
The force is horizontal and is applied at a distance 2/3 R below the centerline of
the ball. The initial speed of the ball after the blow is v,, and the coefficient of
kinetic friction is px. The moment of inertia of a sphere around its center-of-mass
is I = 2/5MR2.
a) What is the initial angular speed wo? Is it clockwise or counterclockwise? (7 pts]
b) What is the speed of the ball once it begins rolling without slipping? [6 pts]
¢) How far does the ball slide before it starts rolling without slipping? [6 pts]
d) What is the work done by friction on the ball? [6 pts]
,
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3 Batter Up! [25 pts. total] S

~ 1%
When a baseball or softball batter hits the ball, the force on the batter’s hands
depends on where along the bat the ball is struck. The minimum force occurs for
one location called the sweet spot. Consider the approximation where the bat is
rotating around one fixed point at very end of the bat where the batter is holding
the bat. Show that there is a distance L, from the pivot point (batter’s hands) to
the location where the ball hits such that the force perpendicular to the bat’s long
axis at the batter’s hands is zero. You can approximate the bat as a rod of length
Lp. If you require a moment of inertia, please calculate it from scratch.
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