Tutorial 03 PH-101 Due: 14/08/2012

3.9 A freight car of mass M contains a mass of sand m. At{ =20 a
constant horizontal force F is applied in the direction of rolling and at
the same time a port in the bottom is opened to let the sand flow out at
constant rate dm/dt. Find the speed of the freight car when all the sand
is gone. Assume the freight car is at rest at{ = 0.

3.14 N men, each with mass m, stand on a railway flatcar of mass /.

They jump off one end of the flatcar with velocity u relative to the car.
The car rolls in the opposite direction without friction.

a. What is the final velocity of the flatcar if all the men jump at the
same time?

b. What is the final velocity of the flatcar if they jump off one at a
time? (The answer can be left in the form of a sum of terms.)

c. Does case a or case b yield the largest final velocity of the flat car?
Can you give a simple physical explanation for your answer?

3.17 An inverted garbage can of weight W is suspended in air by water
from a geyser. The water shoots up from the ground with a speed v,
at a constant rate dm/di. The problem is to find the maximum height
at which the garbage can rides. What assumption must be fulfilled for
the maximum height to be reached?

Ans. clue. |f vy =20 m/s, W = 10 kg, dm/dt = 0.5 kg/s, then hmex = 17 m

3.18 A raindrop of initial mass M, starts falling from rest under the
influence of gravity. Assume that the drop gains mass from the cloud
at a rate proportional to the product of its instantaneous mass and its
instantaneous velocity:

A ey
dt

where £ is a constant.
Show that the speed of the drop eventually becomes effectively con-

stant, and give an expression for the terminal speed. Neglect air
resistance.

3.20 A rocket ascends from rest in a uniform gravitational field by eject-
ing exhaust with constant speed u. Assume that the rate at which mass
is expelled is given by dm/dt = ym, where m is the instantaneous mass of
the rocket and < is a constant, and that the rocket is retarded by air
resistance with a force mby, where b is a constant. Find the velocity of the
rocket as a function of time.
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