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Final Exam (December 18, 2006) 
Please read the problems carefully and answer them in the space provided.  Write on 
the back of the page, if necessary.  Show all your work.  Partial credit will be given 

unless specified otherwise. 
Problem 1 (5 pts, justify your answer): 
 
A body of mass M slides a distance d along a horizontal surface with a coefficient of kinetic 
friction μs.  Determine how much work is done by gravity.  
 

a) mgd 
b) zero 
c) –mgd 
d) One cannot tell from the information provided. 
e) None of these is correct. 

 
 
 
Problem 2 (5 pts, justify your answer): 
 
A golf ball and a ping-pong ball are dropped from the same height in a vacuum chamber.  
When they have fallen halfway to the floor, they have the same 
 

a) speed. 
b) potential energy. 
c) kinetic energy. 
d) momentum. 
e) speed, potential energy, kinetic energy, momentum. 

 
 
 
Problem 3 (7 pts, justify your answer): 
 
Santa and his new turbo-charged sled are heading due east.  Santa’s airspeed indicator 
shows that the sled is moving at a speed of 370 km/h relative to the air.  If the wind is 
blowing from the south at 92.5 km/h, the velocity of the sled relative to the ground is 
 

a) 357 km/h at 14 degrees east of north 
b) 381 km/h at 104 degrees east of north 
c) 381 km/h at 76 degrees east of north 
d) 357 km/h at 76 degrees east of north 
e) 381 km/h at 14 degrees east of north 

 
 
 

 



P113               University of Rochester             NAME _________________________________________    
S. Manly        Fall 2006 

Problem 4 (8 pts, show your work): 
 
A mass M of 0.1 kg attached to a string of length R=1.0 m is released from rest at point A.  
Determine the tension in the string as it passes through the lowest point of its motion B.  

1) /5 
2) /5 
3) /7 
4) /8 
5) /8 
6) /7 
7) /10 
8) /10 
9) /10 
10) /10 
11) /10 
12) /10 
____________ 
 
tot  /100 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Problem 5 (8 pts, show your work): 
 
As shown in the sketch below, 5 kg box slides into a spring of spring constant 310 N/m 
compressing it 24 cm.  
 

a) (3 pts) What is the incoming speed of the block? 
 
 
 
 
 
 
 
 
 
 

b) (5 pts) How long is the box in contact with the spring before it bounces off in the 
opposite direction? 
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Problem 6 (7 pts, no need to justify, be careful, within each part no partial credit will be 
given): 
 
For each part below, indicate the direction of the specified quantity referring to the sketch.  
Your choices are left, right, up, down, into the paper, out of the paper and no direction 
(either not a vector or has a magnitude of zero). 
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 Problem 7 (10 pts, show your work): 
 
Sammie the Fish, a Gambino crime family thug operating in the waters off the Port of New 
York, has instructions to eliminate Slow Joe the Carp who is half-brother of Ariel the Little 
Mermaid.   Sammie plans to carry out his evil deed by dropping a rock on Slow Joe as Slow 
Joe swims beneath him.  When the time comes, Sammie spots Slow Joe swimming in a 
straight horizontal line at a speed of 1 m/s and sets his trap.  Sammie picks up a 3 kg rock 
(with specific gravity of 2.4) in his teeth and swims to a height (h) of 10 m above the level 
where Slow Joe is swimming.  If Sammie is to drop his rock and hit Slow Joe, how far is 
slow Joe horizontally from Sammie (how large is x in the sketch below) when Sammie 
releases his rock?  (Assume the seawater has a specific gravity of 1.  Assume there is no 
viscosity or friction in this problem.)  
 
 
 

X 
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Problem 8 (10 pts, show your work): 
 
Your buddies in the fraternity next door ask for your help in putting up a sign in front of 
their house.  The sign is rectangular (1.2 meters x 1.0 meter) and is supported at one corner 
by a pin (about which the sign is free to rotate) and in the other corner by a cable that 
makes an angle of 20 degrees with the horizontal.  The basic configuration is shown in the 
sketch below.  The sign has a mass of 5 kg that is distributed uniformly.  The system is in 
equilibrium.  Assume the pin is at the exact corner of the sign for simplicity.   Determine the 
direction and magnitude of the force on the pin at equilibrium and the tension T in the 
cable.    
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Problem 9 (10 pts, show your work): 
 
A uniform, thin rod of length L=0.5 m and mass M rests on a frictionless horizontal surface.  
The rod is pivoted about a fixed frictionless axis at one end.  The rod is initially at rest.  A 
bullet traveling parallel to the horizontal surface and perpendicular to the rod with speed v 
= 300 m/s strikes the rod at its center and becomes embedded in it.  The mass of the bullet is 
one-sixth that of the rod.   
 

a) (6 pts) What is the angular velocity of the rod after the bullet has become 
embedded?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) (4 pts) What is the ratio of the kinetic energy of the system after the collision to the 
kinetic energy of the bullet before the collision?   
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Problem 10 (10 pts, show your work): 
 
A “U-shaped” tube with a bottom horizontal portion of length 0.2 m contains a liquid.  
What is the difference in height (h) between the liquid columns in the vertical arms if the 
tube is accelerated toward the right with an acceleration of 2 m/s2.   
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Problem 11 (10 pts, show your work): 
 
Two masses are connected with a massless cable that passes over two massless, frictionless 
pulleys as shown below.  The masses start from rest and are released.  The left-hand pulley 
is attached to the ceiling.  The right-hand pulley moves up and down with m2.  Please 
determine the correct expression for the magnitude of the acceleration of m1.  As shown in 
the sketch below, the direction of this acceleration is defined to be positive upward.  The 
correct expression is one of the six answers listed below.  You must show your work to 
receive credit for this problem. 
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Problem 12 (10 pts): 
 
After graduation you start a Hollywood movie and cuticle consulting business.  Ace Frick, 
the world famous action movie producer, comes to you with a question.  He says, “My 
problem is that every time we send a car horizontally over a cliff, the nose of the car dips 
down (as shown in the strobed photograph below).  You see, in this action scene I want the 
car to remain horizontal as it falls after being driven off the edge of the cliff at a high speed.  
Can you tell me why the car does not stay horizontal as it flies through the air?  Why is it 
that the nose dips?” 
  
Below, please provide a brief answer to Ace’s 
question using the physics principles you have 
learned in Physics 113.  Feel free to use 
equations, sketches or formulas if you wish, but 
try to make the answer coherent and logical. 
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