Problem 1.

A sample of blood is placed in a centrifuge of radius 15 centimeters. The mass of a red
corpuscle is 3.0 x 10710 kg, and the magnitude of the force required to make it settle out of
the plasma is 4.0 x 107! N.

a) What must the speed of the sample be?

b) How many revolutions per second must the centrifuge be operated at to
obtain this speed?

c¢) The entire sample has a mass of 0.10 grams. What is the force on the bottom of the
test tube?



Problem 2.

A fire hose has an inside diameter of 6.4 cm, and carries a flow of water of 4.0 x1072 m?

per second. The hose goes 10.0 m up a ladder to a nozzle which has an inside diameter of
3.0 cm. The water emerges from the nozzle at atmospheric pressure.

a) What is the velocity of the water at ground level?

b) What is the velocity of the water at the nozzle?

c) What is the (gauge) pressure of the water at ground level? You can ignore
the viscosity of water.



Problem 3.

A spherical ball of radius = 9 cm and mass
0.20 kg rolls without slipping down a slope |
with an incline of 10° and length 3 meters. /
It starts from rest. Note: the moment of inertia of a sphere —
about its center is M R?.

a) What is its velocity at the bottom of the incline?
b) What is its angular momentum at the bottom of the incline?

¢) Since the angular momentum of the ball has increased, there must have been a net
external torque on it. What force caused this torque?

d) Tf the sphere had slipped rather than rolled down the incline, would get it get to the
hottom slower, faster, or in the same time? Explain.



Problem 4.

An eccentric inventor decides to make a spherical helium-filled balloon out of lead (in-
stead of something mundane like rubber). Assuming the balloon has a radius of 50 meters,
how thin must the walls of the balloon be in order for it to just be able to float in air?

(perhaps this would be known as a ‘Lead Zeppelin’ ... sorry, I couldn’t resist)

Useful information: the density of lead is 11.3 kg/m3, the density of helium is 0.18
kg/m?, and the density of air is 1.29 kg/m3. The volume of material in a spherical shell of
radius R is 47 R?*t, where ¢ is the wall thickness. The volume enclosed by such a shell is %WR?’.



