
General Physics 

Impulse and Momentum 

Problems 

 

1) A baseball (m = 135 g) approaches a bat horizontally at a speed of 46 m/s and is 

hit straight back at a speed of 63 m/s. The ball is in contact with the bat for a 

time of 1.5 ms. 

(a) What is the change in momentum of the ball? 

(b) Determine the average force applied to the ball by the bat. 

 

2) A volleyball is spiked so that its incoming velocity of +19 ft/s is changed to an 

outgoing velocity of -47 ft/s. The mass of the volleyball is 0.040 sl. What is the 

impulse that the player applies to the ball? 

 

3) A space probe is traveling in outer space with a momentum that has a magnitude 

of 5.43 x 10
7
 kg·m/s. A retrorocket is fired to slow down the probe. It applies a 

force to the probe that has a magnitude of 2.71 x 10
6
 N and a direction opposite 

to the probe's motion. It fires for a period of 11.9 s. Determine the momentum of 

the probe after the retrorocket ceases to fire. 

 

4) When jumping straight down, you can be seriously injured if you land stiff-

legged. One way to avoid injury is to bend your knees upon landing to reduce 

the force of the impact. 

A 170-lb man just before contact with the ground has a speed of 16 ft/s. 

 

(a) In a stiff-legged landing he comes to a halt in 5.7 ms. What is the average net 

force that acts on him during this time? State the direction of this force. 

 

(b) When he bends his knees, he comes to a halt in 0.18 s. What is the average 

net force now? State the direction of this force. 

 

(c) During the landing, the force of the ground on the man (the normal force) 

points upward, while the force due to gravity points downward. The average net 

force acting on the man includes both of these forces. Taking into account the 

directions of the forces, what is the force applied by the ground on the man in 

part (b)? 

 

5) A car (mass = 88 sl) is traveling at 62 ft/s when it collides head-on with a sport 

utility vehicle (mass = 142 sl) traveling in the opposite direction. In the collision, 

the two vehicles come to a halt. At what speed was the sport utility vehicle 

traveling? 

 

6) A two-stage rocket moves in space at a constant velocity of +3400 m/s. The two 

stages are then separated by a small explosive charge placed between them. 

Immediately after the explosion the velocity of the 1900-kg upper stage is +4800 

m/s. What is the velocity of the 2700-kg lower stage immediately after the 

explosion? 



7) Batman (mass = 97 kg) jumps straight down from a bridge into a boat (mass = 

343 kg) in which a criminal is fleeing. The velocity of the boat is initially +7.0 

m/s. What is the velocity of the boat after Batman lands in it? Ignore any drag 

between boat and water. 

 

8) Kevin has a mass of 3.5 sl and is skating with in-line skates. He sees his 2.6-sl 

younger brother up ahead standing on the sidewalk, with his back turned. 

Coming up from behind, he grabs his brother and rolls off at a speed of 9.6 ft/s. 

Ignoring friction, find Kevin's speed just before he grabbed his brother. 

 

9) In a football game, a receiver is standing still, having just caught a pass. Before 

he can move, a tackler, running at a velocity of +4.8 m/s, grabs him. The tackler 

holds onto the receiver, and the two move off together with a velocity of +3.0 

m/s. The mass of the tackler is 86 kg. Assuming that momentum is conserved, 

what is the mass of the receiver? 


