
PHY321 Homework Set 3

1. [10 pts] An object is ejected straight up into the air at an initial velocity v0.

(a) Determine the time for reaching the maximal elevation when the object is subject
to gravity alone.

(b) Determine the time for reaching the maximal elevation when the object is subject
to gravity combined with a retarding force of the form −kmv.

(c) Demonstrate that your result from 1b agrees with 1a in the limit of k → 0.
Note: It is not sufficient just to put k = 0 as this is likely to yield an ill-defined
result. Rather, carefully perform a Taylor expansion of your result from 1b to
demonstrate the agreement when k → 0.

(d) On the basis of your expansion from 1c decide whether the retarding force ex-
tends or shortens the time to reach the maximal elevation.

2. [10 pts] A woman of mass m sits on a train that coasts along the tracks at a constant
speed u. She gets up and begins to walk forward along the car at the speed v relative
to the car.

(a) What is the gain in kinetic energy of the woman for a passenger sitting on the
train?

(b) What is the gain in kinetic energy of the woman for an observer standing on a
station?

(c) How much work has the woman done in order to put herself into motion relative
to the car?

(d) How much additional work was done on the woman by the car while she was
putting herself into motion? Hint: To make sure that your answer is correct,
take into account the action-reaction law and the impulse-momentum theorem.
As the woman pushes with her feet against the floor of the car, the floor acts
with a reaction force onto the feet. That force increases the momentum of the
woman relative to the car. During the time when the force acts, the woman is
displaced relative to an outside observer, because of the motion of the car.

(e) If the woman started walking in a moving lightweight cart, instead of the car of
a train, what might be the evidence of the work done by the cart, for an outside
observer?



3. [10 pts] Determine the location of the center of mass of a uniform solid cone of base
radius R and height H.

4. [10 pts] In testing a missile defense system, a missile is fired from the ground on a
trajectory that would directly hit a bunker some distance away. When the missile is
at the top of the trajectory, a laser light from the bunker ignites fuel in the missile
and the missile disintegrates into two pieces, one twice as massive as the other. The
pieces reach the ground nearly simultaneously, 60 m apart from each other.

(a) By how much does the larger piece miss the bunker? Hint: Consider motion of
the center of mass.

(b) By how much does the smaller piece miss the bunker?

(c) How important is the information that the fuel ignited at the top of the trajec-
tory?

5. [10 pts] A ball of mass m hangs on a string of length ` straight down from a cart
of mass M standing on horizontal rails. The cart can move along the rails without
friction. While the cart is at rest, the ball is given a horizontal velocity v0, v0 <

√
2g`,

directed along the rails.

(a) What is velocity of the ball when it reaches
its maximal elevation?

(b) What is elevation h that the ball reaches
above its original location?


