Work, Energy and Momentum questions

Question 1:

Two cars crash into each other. Both cars are 1100 kg, they are travelling at 21 m/s and
they are travelling in opposite directions.

a) Find the total kinetic energy of the two cars before the collision.

b) What do you expect to be the speed of the two cars after impact if they stick together
on impact?

Hence, what is the kinetic energy of the two cars immediately after impact?

c) What happened to all that kinetic energy?

d) You’ve just shown that kinetic energy is not conserved in a collision. It turns out that
there is one physical quantity that is conserved in collisions — it is called
‘momentum’, and is defined by p = mv, momentum is mass times velocity.
Accounting for the fact that both cars are going in opposite directions (and so one
must have negative velocity and hence negative momentum), find the total
momentum of the system before impact.

e) Total momentum is conserved in a collision, so what is the momentum of the two cars
immediately after impact?

f) Hence determine the speed of the wreck after the collision.



g) Now we consider a collision between a car of mass 1234 kg and a truck of mass
14321 kg. Prior to impact, the car is stationary and the truck is travelling at a speed of
15 m/s. If the car and the truck stick on impact, find the speed of the wreck after
Impact.

Question 2:

A ball, of mass 1.2 kg, is dropped from a 30 m cliff.

a) Find the gravitational potential energy of the ball.

b) After it has dropped 10 m, find how much gravitational potential energy the ball has.

c) What has happened to the rest of the energy? How much of the other kind of energy
has it got? (Ignore the loss of energy due to air resistance for the purposes of this
question).

d) Find the speed of the ball after it has dropped 10 m.

e) Show that your answer to the previous question is consistent with what is predicted by
the kinematic equations of motion.

f) Use conservation of energy to determine the speed at which the ball hits the ground.

g) Show that your answer to the previous question is consistent with what is predicted by
the kinematic equations of motion.



Question 3:

In this question, you will investigate the Ballistics Pendulum. This is a relatively low-tech
way of determining the speed of a bullet. A bullet is fired into a block of wood on the end of
a piece of string. From the height the block swings to, we can calculate the speed of the
bullet.

For this question, the mass of the bullet is 4 g. The mass of the wooden block is 3 kg. It is
observed that the block swings to a height of 9 cm after the bullet is fired.

a) Determine the potential energy the block has at the highest point of a swing.

b) What is the kinetic energy of the block/bullet immediately after the bullet embedded itself
in the block?

c) Hence determine the speed of the block/bullet immediately after impact.

d) Recall it’s momentum, not kinetic energy, that’s conserved in a collision. Determine the
momentum of the block/bullet immediately after impact.

e) Hence, find the speed of the bullet before impact.

f) What is the kinetic energy of the bullet?

g) What happened to the lost kinetic energy?

h) If the bullet is shot by a 1.5 kg gun, find the recoil speed of the gun.



Question 4:

An astronaut of mass 100 kg is drifting away in space. To get back to the spaceship, he
throws a 1 kg spanner directly away from the spaceship. He is 15 m from the spaceship and
he throws the spanner at a speed of 7 m/s. Determine how long it takes him to return to the
spaceship.

Question 5:

Walter the Waterlover descends down a waterslide of height 40 m. Walter has a mass of 77
kg.

a) Determine Walter’s potential energy at the top of the slide.

b) What is the maximum kinetic energy that Walter can have at the bottom of the slide?
¢) What is the maximum speed that Walter can have at the bottom of the slide?

d) Because of friction, Walter actually reaches the bottom at the speed of 19 m/s.
Determine the work done by friction on Walter.

e) Hence what is the force on Walter due to friction. The slide is inclined at an angle of
300.?

f) Hence determine the coefficient of friction between Walter and the waterslide?



