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Conservation 

of momentum 

Objectives 

•  Define the law of conservation of momentum. 

•  Demonstrate the law of conservation of momentum 

using an interactive simulation. 

•  Apply the law of conservation of momentum in one 

dimension. 

Assessment 

1.  Which statement below correctly summarizes the law of 
conservation of momentum? 
 

A.   The momentum of an object always remains constant. 

B.   The momentum of a closed system always remains constant. 

C.   Momentum can be stored in objects such as a spring. 

D.   All of the above. 

 

Assessment 

2.   An astronaut with a mass of 100 kg 
throws a wrench with a mass of 2.0 kg 

at a velocity of 5.0 m/s.  

What is the recoil velocity of the 
astronaut if both wrench and 

astronaut are initially at rest? 

Physics terms 

•  law of conservation of momentum 

Equations 

Conservation of momentum: 

Momentum before = Momentum after

Momentum: 
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Conservation laws 

In a closed system, energy is conserved. 

Conservation laws 

two frictionless carts with opposing springs.  

Consider this closed system containing ...  

Conservation laws 

two frictionless carts with opposing springs.  

Consider this closed system containing ...  

The carts start 

pinned together 

Conservation laws 

When the pin is released, the carts will fly away 

from each other.  How fast will does each one go? 

Energy conservation Energy conservation 

The elastic energy in the two springs . . .         
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Energy conservation 

The elastic energy in the two springs equals the 

kinetic energy of both carts after the release. 

 

This is one equation (conservation of energy) 

with two unknowns: v
1
 and v

2
. 

We can’t solve for the final velocities! 

Energy conservation 

v
1
 v

2
 

Energy conservation does not tell us whether the carts move 

at the same speed or at different speeds.  

Not enough information 

v
1
 v

2
 

Energy conservation does not tell us that the carts move in 

opposite directions, although we know that they do.  

Not enough information 

v
1
 v

2
 

A second law is needed! 

Suppose the carts have different masses.  Suppose the carts have different masses.  

Are the final speeds still the same?  

A second law is needed! 
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Energy conservation says nothing about how the 

two velocities compare with each other.  

A second law is needed! 

What determines the final 
velocities of the carts? 

Explore this question in 

Investigation 11A  

Investigation 

Click the simulation 
on page 314. 

When these ballistic carts are 
released from rest, the compressed 

spring causes them to move in 
opposite directions. 

 

1.  Select a mass for each cart. 

2.  Press [Run] to start. 

 
3.  Run the simulation for different 

combinations of masses for the 
two carts.   

Investigation 

Record the mass and velocity for 
each combination. 

 
a.  Describe the velocities when the 

masses of the carts are equal. 

b.  Describe the velocities when the 

red cart has more mass. 

c.  Describe the velocities when the 

blue cart has more mass. 

Investigation 

Evaluate the data in your table.  

 

What quantity can you construct 

or calculate that is equal and 

opposite for the two carts after 
they are released?  

 

Investigation What patterns do you see? 
Mass, velocity, momentum, and energy data 
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Equal masses      equal speeds 
Mass, velocity, momentum, and energy data 

Twice the mass     half the speed 
Mass, velocity, momentum, and energy data 

Triple the mass     1/3 the speed 
Mass, velocity, momentum, and energy data 

What principle is operating here? 
Notice that the momentum is equal and 

opposite! 

Triple the mass     1/3 the speed 
Mass, velocity, momentum, and energy data 

Examining the momentum 
Mass, velocity, momentum, and energy data 

How is a rocket launch similar to 

these spring-loaded carts? 

 

What principle launches the rockets? 

Rocket science 
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Rocket science 

The rocket and the carts obey the 

same principle! 

 

 Conservation of momentum 

A powerful law of physics! 

A universal law 

Momentum conservation applies 
equally to . . . 

 

•  rocket engines 

Momentum conservation applies 
equally to . . . 

 

•  rocket engines 
 

•  two roller skaters pushing 
each other apart 

A universal law 

Momentum conservation applies 
equally to . . . 

 

•  rocket engines 
 

•  two roller skaters pushing 
each other apart 

•  the interaction of 

subatomic particles! 

A universal law 

A universal law 

Momentum is conserved in all interactions 
between objects, from atoms to . . . 

 

A universal law 

Momentum is conserved in all interactions 
between objects, from atoms to planets! 
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Conservation of momentum 

The total momentum of a closed system remains constant. 

Conservation of momentum 

Momentum  

Momentum is mass times velocity 

At the start ...  

The total momentum is zero. 

The total momentum is zero. 

As long as no outside forces act...  As long as no outside forces act...  

The total momentum is conserved. 
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One cart’s momentum is positive .. . 
Mass, velocity, momentum, and energy data 

The other cart’s momentum is negative 
Mass, velocity, momentum, and energy data 

The total momentum remains zero. 

Total momentum remains zero! Momentum is a vector  

Momentum is mass times velocity 

In 1D, direction is given by 

the sign of the momentum. 

Negative momentum Positive momentum 

By Newton’s third law law, the carts put   
equal and opposite forces on each other.   

 
The TOTAL force on the system adds to zero.  

 

Force                   Force 

Why is the law true? 
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             Since the net force on the system is zero . . . 
 

 
 

           the momentum of the system cannot change!            

Force                               Force 

Why is the law true? Solving momentum 

conservation problems 

1.   Calculate all the known initial momenta for the objects. 

2.   Calculate all the known final momentum for the objects. 

3.   Equate the total momentum before to the total momentum after. 

4.   Solve for the unknown momentum. 

Problem solving steps:  

A 6.0 kg package explodes into two pieces, A and B.  

Piece A, with a mass of 4.0 kg, moves east at 10 m/s. 

     

Apply momentum conservation 

A B 

4.0 kg 

10 m/s 

a) What is the mass of piece B?    

 

b) What is the direction of piece B?    

 

c) What is the speed of piece B? 

 

A 6.0 kg package explodes into two pieces, A and B.  

Piece A, with a mass of 4.0 kg, moves east at 10 m/s. 

     

Apply momentum conservation 

A B 

4.0 kg 

10 m/s 

a) What is the mass of piece B?   2.0 kg 

 

b) What is the direction of piece B?    

 

c) What is the speed of piece B? 

 

A 6.0 kg package explodes into two pieces, A and B.  

Piece A, with a mass of 4.0 kg, moves east at 10 m/s. 

 

     

Apply momentum conservation 

A B 

4.0 kg 

10 m/s 

a) What is the mass of piece B?   2.0 kg 

 

b) What is the direction of piece B?  west   

 

c) What is the speed of piece B? 

 

A 6.0 kg package explodes into two pieces, A and B.  

Piece A, with a mass of 4.0 kg, moves east at 10 m/s. 

 

     

Apply momentum conservation 

A B 

4.0 kg 

10 m/s 

a) What is the mass of piece B?   2.0 kg 

 

b) What is the direction of piece B?  west   

 

c) What is the speed of piece B?     Apply conservation of momentum 
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A 6.0 kg package explodes into two pieces, A and B.  

Piece A, with a mass of 4.0 kg, moves east at 10 m/s. 

     

Apply momentum conservation 

c)   What is the speed of piece B?      
 

Assessment 
1.   Which statement below correctly summarizes the law of 

conservation of momentum? 
 

A.  The momentum of an object always remains constant. 

B.  The momentum of a closed system always remains constant. 

C.  Momentum can be stored in objects such as a spring. 

D.  All of the above. 

 

Assessment 
1.  Which statement below correctly summarizes the law of 

conservation of momentum? 
 

A.  The momentum of an object always remains constant. 

B.  The momentum of a closed system always remains constant. 

C.  Momentum can be stored in objects such as a spring. 

D.  All of the above. 

 

Assessment 
2.   An astronaut with a mass of 100 kg throws a wrench with a mass 

of 2.0 kg at a velocity of 5.0 m/s.  What is the recoil velocity of the 

astronaut if both wrench and astronaut are initially at rest? 

This example is physically similar 
to the ballistic carts! 

Assessment Assessment 

The unknown 

velocity! 

Momentum before  =   Momentum after 

throwing wrench     throwing wrench 

 

2.   An astronaut with a mass of 100 kg throws a wrench with a mass 
of 2.0 kg at a velocity of 5.0 m/s.  What is the recoil velocity of the 

astronaut if both wrench and astronaut are initially at rest? 
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Assessment 

Initial momentum is zero! 
 

Momentum before  =   Momentum after 

throwing wrench     throwing wrench 

 

2.  An astronaut with a mass of 100 kg throws a wrench with a mass 
of 2.0 kg at a velocity of 5.0 m/s.  What is the recoil velocity of the 

astronaut if both wrench and astronaut are initially at rest? 

Assessment 

Momentum before  =   Momentum after 

throwing wrench     throwing wrench 

 

2.   An astronaut with a mass of 100 kg throws a wrench with a mass 
of 2.0 kg at a velocity of 5.0 m/s.  What is the recoil velocity of the 

astronaut if both wrench and astronaut are initially at rest? 


