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Directions: Time allowed: 2.5 hours. There are six problems worth varying 
points each. You may leave the room at any time provided you are not gone for 
more than a couple of minutes, and do not take anything with you. An equation 
sheet has been provided. No other ancillary materials are allowed on this exam 
except your CRC Math Tables Handbook. The calculator rule is in effect. Good 
Luck! 
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Problem 1. (10 points) Choose any two of the following three 
 

a) A particle of mass m travels in uniform circular motion in an x-y plane. If the 
radius of the path is r, and the particle’s velocity v, find, with respect to the 
origin: 

 

• The angular momentum L
r

in terms of r 
• The angular momentum L in terms of ω 

 
Is the angular momentum of this particle constant in terms of both magnitude 
and direction?  
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The angular momentum is constant. The quantities on the right side of both equations 
are constant and the direction, given by the rhr, is also constant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) The angular position of a reference line on a spinning wheel is given by 
473 2 +−= ttθ , where t is in seconds and θ in radians. Find the instantaneous 

values for angular velocity and acceleration. Is the velocity constant? Is the 
acceleration constant? What is the velocity and what is the acceleration at t = 5s? 

 

76 −== t
dt

dθ
ω  

6=α  
 
The acceleration is constant (6s-2). The instantaneous velocity at t = 5s is 23s-1. 



c)    Using the figure below. Explain gyroscopic precession. 
 
 

 
 
 
See Fig. 11.19, p 345 in your textbook.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Problem 2.  (20 points) Consider the system below. 

 
The pulley is a solid disk of mass = 2.0 kg, radius = 0.3 m. The mass of the block is 0.5 
kg. The stiffness of the spring is 50.0 N/m. The incline is smooth and at an angle of 370 
to the horizontal. If the pulley is wound so that the spring is stretched 0.2 meters, then 
released from rest, find the angular displacement, angular velocity and angular 
acceleration when the spring returns to it’s equilibrium position.  
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(Note: The spring exerts no force and therefore no torque at the equilibrium position). 



Problem 3. (15 points) Three objects of uniform density, a solid sphere, a solid 
cylinder, and a hollow sphere are placed at the top of an incline. If they are released 
from rest at the same time and roll without slipping, determine: 
 

• The angular velocity of each at the bottom of the incline 
• The linear velocity of each at the bottom of the incline 
• The angular acceleration of each 
• The order in which they reach the bottom of the incline 

 
For a Solid Cylinder 
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Solving for angular velocity. 
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Solving for angular acceleration. 
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The same analysis for the solid sphere yields:  
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The same analysis for the hollow sphere yields:  
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One may look at kinematics or the percentage of energy put into translation to determine: 
 
(1) Solid sphere, (2) disk, (3) hollow sphere. 



Problem 4. (20 points) A 10 kg block rests on a flat table. The coefficient of kinetic 
friction between the block and the table is 0.2. A light cord runs from this block, around 
a pulley to a solid sphere suspended beneath the pulley. The pulley has a mass of 2.5 
kg, a radius of 20 centimeters, and consists of a solid disk with a narrow groove milled 
for the cord. If the system is released from rest it accelerates at a rate of 4 m/s2. What 
is the mass of the suspended sphere? 

 
 
Up, left, ccl (+) 
 
Block:  2222 amgmTF k =−=∑ µ  

Sphere: 1111 amgmTF −=−=∑  

Pulley:  αα 2
21 2

1
MRIRTRT ==−=Γ∑  

 
Note: αRaaa t === 21  

 
1. amgmT k 222 =− µ  

2. amgmT 111 −=−  

3. MaTT
2

1
21 =−  

 
Multiply equation #2 by -1 and add all three together: 
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Problem 5. (15 points) Consider the system below. 
 

 
 
The system consists of a wooden block (M) and a bullet (m) and a slender rod of length 
l. The surface is frictionless. If the bullet collides inelastically with the block normal to 
the rod and parallel to the surface of the table what is the angular momentum of the 
system? What fraction of the original kinetic energy is lost in the collision?  
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Problem 6. (20 points) A projectile of mass m is fired from the ground with an initial speed 
v0 and an initial angle θ0 above the horizontal. (a) Find an expression for the angular 
momentum about the firing point as a function of time. (b) Find the rate at which the angular 
momentum changes with time. (c) Evaluate the magnitude of 

v v
r F× directly and compare 

the result with (b). 

 



 


