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•  No calculators are allowed in the test.  
•  Be sure to put a box around your final answers and clearly indicate your work to your 

grader. 
•  All work must be shown to get credit for the answer marked. If the answer 

marked does not obviously follow from the shown work, even if the answer is 
correct, you will not get credit for the answer.  

•  Clearly erase any unwanted marks. No credit will be given if we can’t figure out 
which answer you are choosing, or which answer you want us to consider. 

•  Partial credit can be given only if your work is clearly explained and labeled. Partial 
credit will be given if you explain which law you use for solving the problem. 

Put your initials here after reading the above instructions:  
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Signature:____________________ 
E-mail:______________________ 
Section Number: _____________ 

For grader use only: 

Problem 1 (15) ___________ 
Problem 2 (15) ___________ 
Problem 3 (24) ___________ 
Problem 4 (16)___________ 
Problem 5 (15) ___________ 
Problem 6 (20)___________ 

Total (105) ___________ 



Problem 1: (15 points) 

An object, mass m, moves so that its position is given by 

€ 

x(t) = c1t
2 + c2t

y(t) = c3t + c4
Here c1, c2, c3 and c4 are known constants.  
a)  Find the total force acting on the object. 

b) Find the potential function for this force. 



Two cars, one a compact with mass m and the other a large truck of mass 3m, collide head-on at 
typical freeway speeds.  

Problem 2: (15 points) 

b) Which car has a greater magnitude of momentum change? Explain your answer. 

c)  If the larger car changes its velocity by Δv, calculate the change in the velocity of the smaller car in 
terms of Δv. 

a) Which car will experience a greater force as a result of collision? Explain your answer. 



A block of mass  m1 is placed on an inclined plane. It is connected to the block of mass m2 by an 
unstretchable  string of negligible mass.  (Note that this problem will not be graded without the Free Body 
Diagrams). 

Problem 3: (24 points) 

a)  Assume that the surface of the inclined plane is frictionless, and the pulley is frictionless and 
massless. At what value(s) of θ  will the block of mass m1  

i)  Move up the ramp at constant speed 

ii)  Accelerate up the ramp 
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b) If the coefficient of friction between the block of mass m1 and the incline is µ, find value of θ at which 
the block of mass m1 will move up the ramp at constant speed. Assume that the pulley is frictionless 
and massless. Write the equation, do not solve it. 

c) Assume that the surface of the inclined plane of a given angle θ is frictionless, but  the pulley has 
radius R and moment of inertia I with respect to the axis of rotation. The string pulls without slipping. 
In the box below write the system of equations that can be solved to find the acceleration of the block 
m1.  

d) Solve for acceleration of the block m1.  
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Problem 4: (16 points) 
A roller coaster of mass m starts at rest at height H and falls down the path from point A to point 
B without friction. (Ignore the rotational motion of the wheels). 
a) Find the speed of the car at point B. 

View from the North pole. Note that the Earth rotates 
counter-clockwise as viewed from the North pole.  
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b) The horizontal surface from B to C is not frictionless. The coefficient of friction between the 
car and the horizontal surface is 

L 
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µ = µ0(1+
x
c
)

where µ0 and c are known constants. Obtain the equation that can be solved to find the distance L 
where the car will stop. Do not solve it. 



Problem 5: (15 points) 

A platform can rotate, without friction, about a vertical axle through its center. A bug of mass m stands at the 
edge of a platform of radius R and moment of inertia I about the axle. The system is set spinning with an 
angular velocity ω0  in the clockwise direction  (see Fig 1).) 
a) If the bug crawls in toward the center of the platform and stops at a distance b from the center (see Fig. 2), 
find the angular velocity of the platform.  

b) Instead, the bug stops at a distance b from the center on the other side of the platform (see Fig 3). Find 
the angular velocity of the platform. 

View from above 

c) What will be the angular velocity of the platform if  the bug flies off the platform with a velocity v0 in the 
horizontal plane at an angle θ  to the radius (see Fig. 4). 

Fig. 2 Fig. 1 Fig. 3 

Fig. 4 
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Problem 6 (20 points).  
A spring with constant k is attached to a block of mass m1 on a frictionless table. A block of mass  m2  
is placed on the top of block m1. The coefficient of static friction between the two blocks is µ. The 
blocks are pulled a distance x0 to the right and released from rest.  

a)  Draw the Free Body Diagram for both blocks at the initial time moment.  
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b) Assuming that the blocks move together, find the position of the blocks at any time. 

m2 

c) (3 points) Find the maximum distance  x0  for which the block  m2  does not slip on the block  m1. 
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