
Active Physical Science 

Activity 8 Conservation of Momentum

What Do You Think?
The outcome of a collision between two objects 
is predictable.

• What determines the momentum of an object? 
• What does it mean to “conserve” something?

Record your ideas about these questions in your Active Physics
log. Be prepared to discuss your responses with your small
group and the class.

For You To Do
1. From the objects provided arrange to have a 

head-on collision between two objects of equal
mass. Before the collision, have one object moving 

and the other object at rest. Arrange for the objects to stick
together to move as a single object after the collision. Stage 
a head-on, sticky collision between equal masses. Measure 
the velocity, in meters per second, of the moving mass 
before the collision and the velocity of the combined masses 
after the collision.

GOALS
In this activity you will:

• Understand and apply the
Law of Conservation of
Momentum.

• Measure the momentum
before and after a moving
mass strikes a stationary
mass in a head-on,
inelastic collision.

Activity 8 Conservation of Momentum
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a) Prepare a data table in your log similar to the one shown
below. Provide enough horizontal rows in the table to enter
data for at least four collisions.

b) Record the measured values of the velocities in the first
row of the data table.

2. Stage other sticky head-on collisions using the masses listed
in the second and third rows of the data table. Then stage
one or more additional collisions using other masses.
Measure the velocities before and after each collision.

a) Enter the measured values in the data table.
3. Organize a table for recording the momentum of each object

before and after each of the above collisions.

a) Prepare a table similar to the following example in 
your log:

Sticky Head-on Collisions:
One Object Moving before Collision

Mass of Mass of Velocity of Velocity of Mass of Velocity of
Object 1 Object 2 Object 1 Object 2 Combined Combined

(kg) (kg) before before Objects Objects
Collision Collision after after

(m/s) (m/s) Collision Collision
(kg) (m/s)

1.0 1.0 0.0 2.0

2.0 1.0 0.0 3.0

1.0 2.0 0.0 3.0

0.0

Momentum of Object before and after Collisions
Momentum = Mass × Velocity

Before the Collision After the Collision

Momentum of Momentum of Momentum of
Object 1 Object 2 Combined 
kg (m/s) kg (m/s) Objects 1 and 2

kg (m/s)
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b) Calculate the momentum of each object before and after
each of the above collisions and enter each momentum
value in the table.

c) Calculate and compare the total momentum before each
collision to the total momentum after each collision.

d) Allowing for minor variations due to errors of
measurement, write in your log a general conclusion about
how the momentum before a collision compares to the
momentum afterward.

FOR YOU TO READ

The Law of Conservation of
Momentum

In this activity, you investigated another
conservation principle that is a hallmark of
physics—the conservation of momentum. If
you sum all of the momenta before a collision
or explosion, you know that the sum of all the
momenta after the collision will be the same.

If the momentum before a collision is 
500 kg�m/s, then the momentum after the
collision is 500 kg�m/s.A football player stops

to catch a pass.The player is not moving and
therefore has momentum equal to zero. If an
opponent that has a momentum of 500 kg�m/s
then hits the player, both players move off with
(a combined) 500 kg�m/s of momentum.Any
time you see a collision in sports, you can
explain that collision using the conservation of
momentum.

Conservation of momentum is an experimental
fact. Physicists have compared the momenta
before and after a collision between pairs of
objects ranging from railroad cars slamming
together to subatomic particles impacting one
another at near the speed of light. Never have
any exceptions been found to the statement,
“The total momentum before a collision is
equal to the total momentum after the
collision if no external forces act on the
system.” This statement is known as the Law of
Conservation of Momentum. In all collisions
between cars and trucks, between protons and
protons, between planets and meteors, the
momentum before the collision equals the
momentum after.

➔
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A single cue ball hits a rack of 15 billiard balls
and they all scatter. It would seem like
everything has changed. Physicists have
discovered that in this collision, as in all
collisions and explosions, nature does keep at
least one thing from changing—the total
momentum.The sum of the momenta of all of
the billiard balls immediately after the collision
is equal to the momentum of the original cue
ball. Nature loves momentum. Irrespective of
the changes you visually note, the total
momentum undergoes no change whatsoever.
The objects may move in new directions and
with new speeds, but the momentum stays the
same.There aren’t many of these conservation
laws that are known.

Conservation of momentum can be shown to
emerge from Newton’s Laws. Newton’s Third
Law states that if object A and object B collide,
the force of object A on B must be equal and
opposite to the force of object B on A.

FA on B = –FB on A

The negative sign shows mathematically that
the equally sized forces are in opposite
directions.

Newton’s Second Law states that F = ma.Also,
acceleration, a, equals the change in velocity
divided by the change in time (a = ∆v/∆t):

mBaB = –mA aA
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Since the change in time must be the same for
both objects (A acts on B for as long as B acts
on A), then �t can be eliminated from both
sides of the equation.

Combining the initial velocities (vi) on one side
of the equation and the final velocities (vf) on
the other side of the equation:

mAviA + mBviB = mAvfA + mBvfB

(mAvA)before + (mBvB)before = 
(mAvA)after + (mBvB)after

Newton’s Laws have yielded the conservation
of momentum.The momentum of object A
before the collision plus the momentum of
object B before the collision equals the
momentum of object A after the collision plus
the momentum of object B after the collision

This equation not only works in 
one-dimensional collisions, but works equally
well in the extraordinarily complex two-
dimensional collisions of billiard balls and
three-dimensional collisions of bowling.

Solving conservation of momentum problems
is easy. Calculate each object’s momentum
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before the collision. Calculate each object’s
momentum after the collision.The totals
before the collision must equal the total after
the collision.

There are a variety of collisions involving two
objects. In each collision, momentum is
conserved and the same equation is used.The
equation gets simpler when one of the objects
is at rest and has zero momentum.You may
wish to draw two sketches for each collision—
one showing each object before the collision
and one showing each object after the collision.
By writing the momenta you know directly on
the sketch, the calculations become easier.

Collision Type 1: One moving object hits a
stationary object and both stick together and
move off at the same speed:

Collision Type 2:Two stationary objects
explode and move off in opposite directions.

Collision Type 3: One moving object hits a
stationary object.The first object stops, and
the second object moves off.

Collision Type 4: One moving object hits a
stationary object, and both move off at
different speeds.

Collision Type 5:Two moving objects collide,
and both objects move at different speeds after
the collision.

Collision Type 6:Two moving objects collide,
and both objects stick together and move off
at the same speed.

Sample Problem 1

A 75.00-kg ice skater is moving to the east at
3.00 m/s toward his 50.00-kg partner, who is
moving toward him (west) at 1.80 m/s. If he
catches her up and they move away together,
what is their final velocity?

Strategy: This is a problem involving the Law
of Conservation of Momentum.The
momentum of an isolated system before an
interaction is equal to the momentum of the
system after the interaction.As you are
working through this problem, remember that
the v in this expression is velocity and that it
has direction as well as magnitude. Make east
the positive direction, and then west will be
negative.

Givens:
mb = 75.00 kg
mg = 50.00 kg
vb = 3.00 m/s
vg = �1.80 m/s

before the collision

after the collision

vb = 3.00 m/s

mb = 75.0 kg mg = 50.0 kg

vg = �1.80 m/s

➔
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Solution:
(mbvb)before + (mgvg)after = [(mb + mg)vbg]after

(75.00 kg)(3.00 m/s) + (50.00 kg)(–1.80 m/s) =
(75.00 kg + 50.00 kg)vbg

vbg = 

= 1.08 m/s

Sample Problem 2

A steel ball with a mass of 2 kg is traveling at 
3 m/s west. It collides with a stationary ball
that has a mass of 1 kg. Upon collision, the
smaller ball moves away to the west at 4 m/s.
What is the velocity of the larger ball?

Strategy: Again, you will use the Law of
Conservation of Momentum. Before the
collision, only the larger ball has momentum.
After the collision, the two balls move away at
different velocities.

Givens:

m1 = 2 kg vb2 = 0 m/s
m2 = 1 kg va2 = 4 m/s
vb1 = 3 m/s

Solution:
(m1v1)b + (m2v2)b = (m1v1)a + (m2v2)a

(2 kg)(3 m/s) + (1 kg)(0 m/s) = 
(2 kg)va1 + (1 kg)(4 m/s) 

6 kg�m/s = (2va1) kg + 4 kg�m/s

va1 = 1 m/s

225 kg�m/s – 90.0 kg�m/s
���

125.00 kg

m1 = 2 kg m2 = 1 kg

vb1  = 3 m/s vb2  = 0 m/s

before the collision

after the collision

va1 after = ? m/s va2 after = 4 m/s

APS.SE.Ch01  8/31/04  11:52 AM  Page 66



Active Physical Science 
67

Activity 8 Conservation of Momentum

Reflecting on the Activity and the Challenge
The Law of Conservation of Momentum is a very powerful tool
for explaining collisions in sports and other areas. The law
works even when, as often happens in sports, one of the objects
involved in a collision “bounces back,” reversing the direction of
its velocity and, therefore, its momentum, as a result of a
collision. When describing a collision between a bat and ball, or
a collision between two people, you can describe how the total
momentum is conserved.

Physics To Go
1. A railroad car of 2000 kg coasting at 3.0 m/s overtakes and

locks together with an identical car coasting on the same
track in the same direction at 2.0 m/s. What is the speed of
the cars after they lock together?

2. In a hockey game, an 80.0-kg player skating at 10.0 m/s
overtakes and bumps from behind a 100.0-kg player who is
moving in the same direction at 8.00 m/s. As a result of being
bumped from behind, the 100.0-kg player’s speed increases to
9.78 m/s. What is the 80.0-kg player’s velocity (speed and
direction) after the bump? 

3. A 3-kg hard steel ball collides head-on with a 1-kg hard steel
ball. The balls are moving at 2 m/s in opposite directions
before they collide. Upon colliding, the 3-kg ball stops. What
is the velocity of the 1-kg object after the collision? (Hint:
Assign velocities in one direction as positive; then any
velocities in the opposite direction are negative.)

4. A 45-kg female figure skater and her 75-kg male skating
partner begin their ice dancing performance standing at rest
in face-to-face position with the palms of their hands
touching. Cued by the start of their dance music, both
skaters “push off” with their hands to move backward. If the
female skater moves at 2.0 m/s relative to the ice, what is the
velocity of the male skater? (Hint: The momentum before the
skaters push off is zero.)
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5. A 0.35-kg tennis racquet moving to the right at 20.0 m/s
hits a 0.060-kg tennis ball that is moving to the left at 
30.0 m/s. The racquet continues moving to the right after
the collision, but at a reduced speed of 10.0 m/s. What is the
velocity (speed and direction) of the tennis ball after it is hit
by the racquet?

6. A stationary 3-kg hard steel ball is hit head-on by a 1-kg
hard steel ball moving to the right at 4 m/s. After the
collision, the 3-kg ball moves to the right at 2 m/s. What is
the velocity (speed and direction) of the 1-kg ball after the
collision? (Hint: Direction is important.)

7. A 90.00-kg hockey goalie, at rest in front of the goal, stops a
puck (m = 0.16 kg) that is traveling at 30.00 m/s. At what
speed do the goalie and puck travel after the save?

8. A 45.00-kg girl jumps from the side of a pool into a raft 
(m = 0.08 kg) floating on the surface of the water. She
leaves the side at a speed of 1.10 m/s and lands on the raft.
At what speed will the girl-raft system begin to travel
across the pool?

9. Two cars collide head on. Initially, car A (m = 1700.0 kg) is
traveling at 10.00 m/s north and car B is traveling at
25.00 m/s south. After the collision, car A reverses its direction
and travels at 5.00 m/s while car B continues in its initial
direction at a speed of 3.75 m/s. What is the mass of car B?

10. A proton (m = 1.67 � 10–27 kg) traveling at 2.50 � 105 m/s
collides with an unknown particle initially at rest. After 
the collision the proton reverses direction and travels at
1.10 � 105 m/s. Determine the change in momentum of the
unknown particle.

11. You shoot a 0.04-kg bullet moving at 200.0 m/s into a 
20.00-kg block initially at rest on an icy pond.

a) What is the velocity of the bullet-block combination?
b) The coefficient of friction between the block and the ice 

is 0.15. How far would the block slide before coming 
to rest?

12. Write a 15- to 30-s voice-over that highlights the
conservation of momentum in a sport of your choosing.
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