
 
1) A 70 kg woman and her 35 kg son are standing at rest on an ice rink, as shown above. They push against each other for a time of 
0.60 s, causing them to glide apart. The speed of the woman immediately after they separate is 0.55 m/s. Assume that during the push, 
friction is negligible compared with the forces the people exert on each other. 
 
(a) Calculate the initial speed of the son after the push. 
(b) Calculate the magnitude of the average force exerted on the son by the mother during the push. 
(c) How do the magnitude and direction of the average force exerted on the mother by the son during the push compare with those of 
the average force exerted on the son by the mother? Justify your answer. 
(d) After the initial push, the friction that the ice exerts cannot be considered negligible, and the mother comes to rest after moving a 
distance of 7.0 m across the ice. If their coefficients of friction are the same, how far does the son move after the push? 
 
 
 
 
 
 
 
 

 
 
2) A small block of mass M is released from rest at the top of the curved frictionless ramp shown above. The block slides down the 
ramp and is moving with a speed 3.5vo when it collides with a larger block of mass 1.5M at rest at the bottom of the incline. The larger 
block moves to the right at a speed 2 vo immediately after the collision. Express your answers to the following questions in terms of 
the given quantities and fundamental constants.  
 
(a) Determine the height h of the ramp from which the small block was released. 
(b) Determine the speed of the small block after the collision. 
(c) The larger block slides a distance D before coming to rest. Determine the value of the coefficient of kinetic friction µ between the 
larger block and the surface on which it slides. 
(d) Indicate whether the collision between the two blocks is elastic or inelastic. Justify your answer. 
 
 



 
 
3) A 0.20 kg object moves along a straight line. The net force acting on the object varies with the object's displacement as shown in 
the graph above. The object starts from rest at displacement x = 0 and time t = 0 and is displaced a distance of 20 m. Determine each 
of the following. 
a.    The acceleration of the particle when its displacement x is 6 m.  
b.    The time taken for the object to be displaced the first 12 m.  
c.    The amount of work done by the net force in displacing the object the first 12 m.  
d.    The speed of the object at displacement x = 12 m.  
e.    The final speed of the object at displacement x = 20 m.  
f.    The change in the momentum of the object as it is displaced from x = 12 m to x = 20 m 
 
 

 
 
4) A track consists of a frictionless arc XY, which is a quarter-circle of radius R, and a rough horizontal section YZ.  Block A of mass 
M is released from rest at point X, slides down the curved section of the track, and collides instantaneously and inelastically with 
identical block B at point Y.  The two blocks move together to the right, sliding past point P, which is a distance L from point Y.  The 
coefficient of kinetic friction between the blocks and the horizontal part of the track is µ Express your answers in terms of M, L, µ, R, 
and g. 
a.    Determine the speed of block A just before it hits block B. 
b.    Determine the speed of the combined blocks immediately after the collision. 
c.    Assuming that no energy is transferred to the track or to the air surrounding the blocks.  Determine the amount of internal energy 

transferred in the collision 
d.    Determine the additional thermal energy that is generated as the blocks move from Y to P 
 



 
 
 
5) A roller coaster ride at an amusement park lifts a car of mass 700 kg to point A at a height of 90 m above the lowest point on the 
track, as shown above. The car starts from rest at point A, rolls with negligible friction down the incline and follows the track around a 
loop of radius 20 m. Point B, the highest point on the loop, is at a height of 50 m above the lowest point on the track. 
 
(a) 
i.   Indicate on the figure the point P at which the maximum speed of the car is attained. 
ii. Calculate the value vmsx of this maximum speed. 
 
(b) Calculate the speed vB of the car at point B. 
 
(c) 
i. On the figure of the car below, draw and label vectors to represent the forces acting on the car when it is upside down at point B. 
 

 
 
 
 
ii. Calculate the magnitude of all the forces identified in (c) 
 
(d) Now suppose that friction is not negligible. How could the loop be modified to maintain the same speed at the top of the loop as 
found in (b)? Justify your answer. 
 

 
 
6) One end of a spring is attached to a solid wall while the other end just reaches to the edge of a horizontal, frictionless tabletop, 
which is a distance h above the floor.  A block of mass M is placed against the end of the spring and pushed toward the wall until the 
spring has been compressed a distance X, as shown above. The block is released, follows the trajectory shown, and strikes the floor a 
horizontal distance D from the edge of the table.   Air resistance is negligible. 
 
Determine expressions for the following quantities in terms of M, X, D, h, and g.   Note that these symbols do not include the spring 
constant. 
 
a.    The time elapsed from the instant the block leaves the table to the instant it strikes the floor 
b.    The horizontal component of the velocity of the block just before it hits the floor 
c.    The work done on the block by the spring 
d.    The spring constant 
  



 
 
7) Two identical objects A and B of mass M move on a one-dimensional, horizontal air track.  Object B initially moves to the right 
with speed vo.   Object A initially moves to the right with speed 3vo, so that it collides with object B. Friction is negligible.  Express 
your answers to the following in terms of M and vo. 
a.    Determine the total momentum of the system of the two objects. 
b.    A student predicts that the collision will be totally inelastic (the objects stick together on collision).  Assuming this is true, 

determine the following for the two objects immediately after the collision. 
 i. The speed  
  ii. The direction of motion (left or right) 
 
When the experiment is performed, the student is surprised to observe that the objects separate after the collision and that object B 
subsequently moves to the right with a speed 2.5vo. 
c.    Determine the following for object A immediately after the collision. 
 i.   The speed                            
 ii.  The direction of motion (left or right) 
d.    Determine the kinetic energy dissipated in the actual experiment. 
 
 
 

 
 
8) Several students are riding in bumper cars at an amusement park. The combined mass of car A and its occupants is 250 kg. The 
combined mass of car B and its occupants is 200 kg. Car A is 15 m away from car B and moving to the right at 2.0 m/s, as shown, 
when the driver decides to bump into car B, which is at rest. 
 
(a) Car A accelerates at 1.5 m/s2 to a speed of 5.0 m/s and then continues at constant velocity until it strikes car B. Calculate the total 
time for car A to travel the 15 m. 
(b) After the collision, car B moves to the right at a speed of 4.8 m/s . 
i. Calculate the speed of car A after the collision. 
ii. Indicate the direction of motion of car A after the collision. 
____ To the left ____ To the right ____ None; car A is at rest. 
(c) Is this an elastic collision? 
____ Yes ____ No 
Justify your answer. 
 


