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MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
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8.01 Physics                 Fall Term 2011 
 

Exam 2: Equation Summary 
 
 
Newton’s Second Law: Force, Mass, Acceleration:    
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Work- Kinetic Energy:    
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Potential Energy Functions with Zero Points: 
 
Constant Gravity:    ( )U y mgy=   with 0( 0) 0U y = = . 

Inverse Square Gravity:  
  
Ugravity (r) = !

Gm1m2

r
   with 

  
Ugravity (r0 = ! ) = 0. 

Springs:    
  
Uspring(x) =

1
2

kx2   with   
Uspring (x = 0) = 0 . 

 
Work- Mechanical Energy: 

  
Wnc = !K + !U total = !Emech = K f +U f

total( ) " K0 +U0
total( )  
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Department of Physics 
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Exam 2 
 
Name (PLEASE PRINT)   _______________________________  
 
Check Section  
 
____L01 MW 9 am  Dourmashkin 
  
____L02 MW 11 am Dourmashkin 
 
____L03 MW 1 pm   England    
 
____L04 MW 3 pm   Wyslouch    
  
____L05 TR 9 am Figueroa 
 
____L06 TR 11 am Chakrabarty 
 
____L07 TR 2 pm Formaggio 
 
Answers without work shown will not be given any credit. 
 
Good luck! 
 
 
Problem 1     (25 points)      ____________ 
 
 
Problem 2     (25 points)      ____________ 
 
 
Problem 3     (25 points)      ____________ 
 
 
Problem 4     (25 points)      ____________ 
  
 
Total            (100 points)     ____________ 
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Problem 1 of 4 Two railcars and a cannon (25 points): 
 
Two rail cars are moving, unpowered, in the same direction along a frictionless horizontal 
track. Car B, which has mass M B  and speed VB  with respect to the ground, carries a 

projectile of mass m. 
 

¥ Initially, car A has mass MA  and speed VA  with respect to the ground, with 
VA > VB     (car A is gaining on car B  in the top figure). 

 
¥ The projectile is then fired from car B to car A with horizontal speed u  relative to 

car B, after which car B continues moving in the same direction with speed VF  

with respect to the ground  (middle figure). 
 

¥ Finally, the projectile, after striking car A, comes to an abrupt stop with respect to 
car A (bottom figure) after which both cars are continuing moving in the same 
direction at the same speed VF  with respect to the ground  (bottom figure). 

 
All arrows in the figures indicate the direction of the velocities of the cars. You may 
neglect any vertical motion of the projectile after it is fired. 
 

 
a) Calculate the final speed of car B, VF  , in terms of VB , u , and the masses, M A , 

MB , and m . 
 
b) Calculate the required speed u  of the projectile relative to car B such that the final 

speed of car A is also VF  . Express your answer in terms of VA , VB , and the 
masses MA , M B , and m. Do not use VF  in your final answer. 
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Problem 2 of 4 (25 points):  
 

 
 
Block A of mass mA  is moving horizontally with speed VA  along a frictionless surface. It 
collides elastically with block B of mass mB  that is initially at rest. After the collision 

block B enters a rough surface at x = 0  with a coefficient of kinetic friction that increases 
linearly with distance µk (x) = bx  for 0 ! x ! d , where b  is a positive constant. At x = d  

block B collides with an unstretched spring with spring constant k  on a frictionless 
surface. The downward gravitational acceleration has magnitude g .  

 
 
What is the distance the spring is compressed when block B first comes to rest? Express 
your answer in terms of  VA , mA , mB , b , d , g , and k .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 9 



 10 



 11 



 12 

Problem 3 of 4 (25 points):  
 

 
 
A bead of mass m slides without friction on a vertical circular hoop of radius 6d  that is 
fixed to the ground. The bead moves under the combined action of gravity, the contact 
force (normal force) of the hoop on the bead, and a spring attached to a fixed point, a 
height 8d  above the center of the hoop. The equilibrium length of the spring is d . The 
bead is released from rest at a point on the left side halfway up from the bottom of the 
hoop, as shown in the figure above. When the bead reaches the top of the hoop, the 
contact force of the hoop on the bead is exactly zero. The downward gravitational 
acceleration has magnitude g.  

 
Find the spring constant k  in terms of  m, d , and g. 
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Problem 4 of 4: (25 points) Concept Questions  
 
Part A (5 points):  

 
 
Cart A is pushed continuously from the start line to the finish line with a force FA .  
Cart B is pushed continuously from the start line to the finish line with twice the force,   
FB = 2FA . Cart A has twice the mass of cart B, mA = 2mB . Both carts are initially at rest. 
 

a) Cart A has a larger change in momentum and a larger change in kinetic energy 
than cart B. 

 
b) Cart A has a larger change in momentum but equal change in kinetic energy than 

cart B. 
 

c) Cart A has a larger change in momentum but smaller change in kinetic energy 
than cart B. 

 
d) Cart A has an equal change in momentum but larger change in kinetic energy than 

cart B. 
 

e) Both carts have the equal change in momentum and equal change in kinetic 
energy. 

 
f) Cart A has an equal change in momentum but smaller change in kinetic energy 

than cart B. 
 

g) Cart A has a smaller change in momentum but larger change in kinetic energy 
than cart B. 

 
h) Cart A has a smaller change in momentum and equal change in kinetic energy 

than cart B. 
 

i) Cart A has a smaller change in momentum and smaller change in kinetic energy 
than cart B. 

 
 
Answer: _________________________ 
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Part B (5 points):  
 

 
 
A system is composed of two non-identical blocks connected by a spring. The blocks 
slide on a frictionless plane. The unstretched length of the spring is d . Initially block 2 is 
held so that the spring is compressed to d / 2  and block 1 is forced against a stop as 
shown in the figure above. Block 2 is released. Which of the following statements is true? 
(Note: more than one statement may be true.)  
 

a) When the position of block 2  is x2 > d , the center of mass of the system is 
accelerating to the right. 

 
b) When the position of block 2 is x2 > d , the center of mass of the system is 

moving at a constant speed to the right. 
 

c) When the position of block 2  is x2 > d , the center of mass of the system is at 
rest. 

 
d) When the position of block 2  is x2 < d , the center of mass of the system is  

accelerating to the right. 
 

e) When the position of block 2  is x2 < d , the center of mass of the system is 
moving at a constant speed to the right. 

 
f) When the position of block 2  is x2 < d , the center of mass is at rest. 
 
 

 
 
 
 
 
Enter the letters of all correct statements on the answer line below. 
 
Answer: _________________________ 
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Part C (5 points):  

 
 

A small object of mass  m  is hanging vertically from a string suspended from a fixed 
point on the ceiling. The object is pulled to the left through an angle !  and released from 
rest, undergoing motion along a circular arc. When the object is at the bottom of its 
trajectory (point A in figure), which of the following statements is true? (Note: more than 
one statement may be true.) 

  
 

a) The tension in the string is greater than the magnitude of the gravitational force 
acting on the object. 

 
b) The tension in the string is equal to the magnitude of the gravitational force acting 

on the object. 
 

c) The tension in the string is less than the magnitude of the gravitational force 
acting on the object. 

 
d) The component of the acceleration in the direction of motion is positive. 

 
e) The component of the acceleration in the direction of motion is negative. 

 
f) The component of the acceleration in the direction of motion is zero.  

 
 
 
Enter the letters of all correct statements on the answer line below. 
 
Answer: _________________________ 



 19 

Part D (5 points):   
 

 
 
The potential energy  U(x)  for a particle with total mechanical energy E is shown in the 
figure above. For a particle that starts at  x = a, which of the following statements is 
true? (Note: more than one statement may be true.) 
 
 

a) The kinetic energy  K(x)  is maximum somewhere in the region  a < x < b. 
 

b) The kinetic energy  K(x)  is maximum somewhere in the region  b < x < c . 
 

c) The kinetic energy  K(x)  is maximum somewhere in the region  c < x < d . 
 

d) The kinetic energy  K(x)  is constant for all  a < x < b. 
 

e) The kinetic energy  K(x)  is constant for all  b < x < c . 
 

f) The kinetic energy  K(x)  is constant for all  c < x < d . 
 
 
 
Enter the letters of all correct statements on the answer line below. 
 
Answer: _________________________ 
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Part E (5 points):  
 

 
 
Block 1 of mass m1 is moving horizontally to the right with speed v1,i  along a frictionless 

surface. It approaches block 2 of mass m2 > m1 which is moving to the right with speed 
v2,i < v1,i . The blocks then collide elastically. After the collision block 1 moves to the left 

with speed v1, f  and block 2 moves to the right with speed v2, f . Which of the following 

statements is true?  
 

a) The speed v1, f  of block 1 after the collision is greater than v1,i ! v2,i . 

 
b) The speed v1, f  of block 1 after the collision is less than v1,i ! v2,i . 

 
c) The speed v1, f  of block 1 after the collision is equal to v1,i ! v2,i . 

 
d) Not enough information is given to determine the relationship between the speed 

v1, f  of block 1 after the collision and v1,i ! v2,i . 

 
 
Answer: _________________________ 
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