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Physics 131 Final Fall 2006 

Name    

PLEASE READ THIS FIRST:  
•  Time limit: 125 minutes 
• Please remove hats and turn off  and put away any communication devices.   
•  You may use two sheets of prepared notes (8 !  x 11, both sides).  Please staple it to the back of this exam 

when you are finished. 
• Perform all of your work on these sheets.  If  you need more space, use the back of the same sheet.  If you run 

out of space, ask me for a blank sheet of paper and staple it to the back of your exam before turning it in.  
• Read each problem carefully and be sure to pay attention to any hints that are provided.  The credit you receive 

on each problem will depend more on how you get your answer than on what answer you get.  There is no need 
to be as “wordy”  as I ask you to be on homework, but you must show your work or give at least a brief 
explanation for every answer.  I give no credit for unsupported answers.  I do give partial credit for partially 
correct solutions, but only when I can determine that what you are doing is partially correct.   

• Make certain that all numerical answers are given with a reasonable number of significant digits (when in 
doubt, three is usually a good compromise) and that you have included appropriate and simplified units.   

• Check your answers for physical reasonableness whenever possible; I do deduct a small number of points for 
ridiculous answers that you don’t  comment on.   

• Please use g = 10.0 m/s2 in all problems (unless otherwise specified) to make the arithmetic easier. 

1.   [10 pts total]  A particle of mass 2.0 
kg moves in one dimension subject 
only to a conservative force that 
produces the potential energy diagram 
shown below.   Describe the motion of 
the particle as specifically as possible if 
its total energy is +5.0 J. 
 
 
 
 
 
 
 
 
 
 
 
 
 
EXTRA CREDIT [5 pts]  How would your description above change, if there were also a small 

frictional force acting on the particle?  (Use the back of this sheet.) 
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2. [20 pts total] A cannonball is shot at some angle 
upward with an initial speed of 50 m/s from the top 
edge of an 80 m tall vertical cliff.  It reaches the top of 
its trajectory 3.0 seconds later.  Assuming that air 
resistance is negligible … 
a) [10] Find the speed and altitude of the cannonball at 

the highest point of its trajectory.  [Hint: Use the 
method!  Treat the vertical component of the initial 
velocity as unknown and find it first.] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) [10] Find the distance of the impact point from the bottom of the cliff. 
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3.  [15 pts total] Exactly two constant forces act on an object that has a mass of 25.0 kg.  The velocity of 
the object changes by 1.00 m/s ŷ  every 5.00 seconds.  The magnitudes of the two forces are 

 

!
F1 = 17.0 N, 

!
F2 = 13.0 N . 

a) [2] What is the acceleration (a vector!) of the object? 
 

 
 

b) [3] What is 
 

!
F

1
+
!
F

2
?  

 
 

 
c) [3] What is F

1
+ F

2
?  

 
 
 

d) [7] What is the y-component of 
 

!
F

2
?  [Hint:  Draw a good vector diagram representing Newton’s 

Second Law and notice how the x- and y-components of 
 

!
F

1
 are related to those of 

 

!
F

2
. 
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4. [20 pts total] An object of mass m moving 
at speed u toward the east collides with an 
object of mass M = 2m moving at the same 
speed toward the north.  After the collision 
the two masses move away as shown 
toward the northwest and northeast 
respectively.  Find the speeds v and V in 
terms only of the speed u.  (That is, both of 
the answers should be expressed as a pure 
number times u.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EXTRA CREDIT [5 pts] What fraction of the mechanical energy was “ lost”  in the collision? 
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5.  [15 pts total] In order to increase her 
angular velocity during a spin, a skater 
starts with her arms and one leg extended 
and then pulls them in.  Let’s model the 
skater in these two positions as shown in 
the drawings at right.   
In the “Before”  figure, she consists of two 
rods and one cylinder:  The first rod 
represents her arms and accounts for 10% 
of her body mass, M = 50 kg.  The second 
rod represents her single outstretched leg 
and accounts for 20% of her body mass.  
The cylinder represents the remainder of her body. 
In the “After”  figure, she consists of a single cylinder. 
a) [10] Find the rotational inertias of the skater in both positions.   

[Recall that the rotational inertia of a rod about a perpendicular axis through the center of mass is 
1

12
ML

2 , that of a rod about a perpendicular axis through one end is 
1

3
ML

2 , and that of a cylinder 

about its axis of symmetry is 
1

2
MR

2 .] 

 

 

 

 

 

 

 
 
 

 
b) [5] If the skater initially spins at a rate of 2.0 revolutions per second, how fast will she spin after 

pulling her arms and legs in? 

(Before) (After)1.0 m

1.6 m

.30 m

10%

20%
spin 
axis

.35 m

spin 
axis
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6. [20 pts total] A nonuniform bar 4.0 m in length 
is suspended horizontally by wires from both 
ends making angles with the horizontal as 
shown.  The tension, T

1
, in the left wire is 

600 N.  Find 
a) the tension, T

2
, in the right wire, 

b) the weight of the bar, 
c) the distance of the center of mass from the left end of the bar. 

T
2

T
1

W 45°
60°

 center 

of mass

4.0 m


