Physics 218 — Fall 2006 — Exam 3 Solution George R. Welch

Problem 1a. (This is the whole point of chapter 12 in the book. I did it in class. I told
you it would be on the exam.)
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Problem 1b. (Here, we just wanted to make sure you knew what the symbols meant. Sort
of like with the cockroach quiz.)

dr d?r de d*0
2 2
r=kt* so g =2kt and el =2k 0 =0bt" so o =2bt and yro) =2b

F=mi = (2k — (kt*)(2bt)?) 7+ (2(20t) (2kt) + (2K¢*)(20)) 0 = (2k — 4kb*t*) 7 + (10kbE?) 0

Problem 2. (Based on chapter 10, exercise 6, or “A Famous Problem” on page 195.)

(a) (18 points) For the collision, we will use conservation of linear momentum: P; = Py .
However, first we must find out how fast the ball is moving when it hits the block. That is
easy, since it is swinging down under gravity.

1
Ei=FE; = mygh= imbvg

where h is the starting height h = .S — S cosfy and v, is the speed of the ball just before the
collsion. Solving:

vy = \/QQS (1 — cosby)

Now for the (totally inelastic) collision,

Pi = Pf = mpvpy = (mb + mz)V



where V' is the speed of the combined ball and block just after the collision. Solving

my

V)

Now, we find out how far the combined ball and block go up:
1 2
E(mb +m;)V= = (my +my;)gH

Solving:
1
H= i(mb +m;)S (1 — cos )

(b) (7 points) It is the same until the ball hits the block. That is, vy is the same as above.
However now the collision is more complicated:

Pi:Pf = mbvb:meb+miVi

where V, and V; are the speeds of the block and ball just after the collision. We can’t solve
for them with that equation alone, so we make use of the fact that the collision is elastic:

1 1 1
P=P = imbvg = §mb\/}32 + imin

and then we could solve for V;, and V;. We would then find the heights as above.

Problem 3.

(a) (8 points) (Based on angular kinematics. Chapter 13, exercise 1, or exercise 5 in
chapter 15.) We want to reach an angular velocity of wy in time ty so o = wg/tg. Suppose
we apply our force perpendicularly, then

r=Ila = FS=12
to

But I = 2mS? so

FS =2m$? = F—ons
to to

(b) (12 points) (See page 287-288, and problem 4 in chapter 15.) We use conservation of
the vertical component of the angular momentum. We recall L, = [w so

512
Li=L; = 2m52w0:2m<4>w = w = 16wy

(c) (5 points) Just the same again:

(Iman + 2m.S?)
Lnan + mS?/8

2
Li=L; = (Iman+2m52)wo—(Iman—i-Qm(S))w = w:(
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Physics 218 — Fall 2007 — Exam 3 Solution, continued.

Problem 4. See problem 2, chapter 15.

(a) (10 points) 7= 7 x F = (gf) X (—mgz) = ngS (=7 x2)= mZgSé (into page)
_ B 1 mgS . mgS?
(b) (5 points) 7 = lav = a=g=—r a=Sa= i

(c) (7 points) 7 = 7" x F = 71=0 because F points through the origin (perpendicular
distance = 0).

(d) (3 points) This is motion on a circle, so @ = —rw? # + raf. But from part (c) we know
7=0s0 a=0. Thus, a = Sw}.



