
Problem Set #8 Momentum, Energy and Collisions 
Due Friday November 9 
 
Name:____________________________________ 
 
I worked with: 
 
 
 
Equations: 

Displacement: x(t) = x0 + v0t + ½ at2 

Velocity: v(t) = v0 + at 
Final Velocity (time): vf = v0 + atf 
Final Velocity (displacement): vf

2 = v0
2 + 2axf 

Force: F = ma 
Acceleration due to gravity: 9.8 m/s2 
Momentum: p = mv 
Impulse: F(t2- t1) = m(v2- v1) 
Use a right triangle and sine and cosine to Calculate Vx and Vy 

 
1. A billiard ball moving at 5.00 m/s strikes a stationary ball of the same mass.  After the 

collision, the first ball moves at 4.33 m/s and at an angle of 30.0° with respect to the 
original line of motion.  Assuming an elastic collision (the balls do not stick together), and 
ignoring friction and rotation, find the struck ball’s total velocity. 
 

2. Two cars with masses of 540 kg and 1400 kg collide head-on while moving at 22 m/s in 
opposite directions. After the collision the automobiles remain locked together. 

a. Find the velocity of the wreck immediately after the collision 
b. Find the Kinetic Energy of the two car system before and after the collision 

 
3. From the Momentum lab. Choose 2 of the scenarios that you ran and observed. 

a.  Write equations that describe the conservation of momentum in the scenario.  
● Assume that the mass of each cart is 1 kg and that any additional blocks 

are also 1 kg. 
● Assume a value for all of your before velocities and one of your after 

velocities so that you have one unknown “after” velocity 
b. Solve the conservation of momentum equation for the unknown “after” velocity 



 
4. Two carts collide elastically on a frictionless air track. The moving mass is 60 g and the 

initially stationary mass is 120 g. The initial velocity of the moving mass is 0.8 m/s. 
a. What is the velocity of each mass after the collision? 
b. What is the kinetic energy of each before the collision? After the collision? 

 
 

5. The photographs below show the impact of a car on a rigid wall. The impact occurs at a 
velocity of 14 m/s on a rigid barrier. The first photograph was taken 5x10-5 s after the 
initial contact; the others were taken at intervals of 20x10-3 s thereafter. The car remains 
in contact with the barrier for 0.120 s; it then recoils from the barrier with a speed of 1.3 
m/s. The checkered bar on the ground has a length of 2m.  

a. Using the photographs and a ruler, measure the positions of the car on these 
photographs and calculate the average velocity for each of the 20x10-3 s intervals 
between one photograph and the next; calculate the average acceleration for 
each time interval from the change between one average velocity and the next.  

b. The mass of this car is 1700 kg. Calculate the average force for each time 
interval.  

c. Make a plot of this force as a function of time 
d. Find the impulse by estimating the area under this curve (Think Math Class!) 

 
 

6. A projectile of 45 kg has a muzzle speed of 656.6 m/s when fired horizontally from a gun 
held in a rigid support (no recoil). What will be the muzzle speed (relative to the ground) 
of the same projectil when fired from a gun that is free to recoil? The mass of the gun is 
6.6x103 kg. (Hint: The kinetic energy of the gun-projectile system is the same in both 
cases) 


