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Elastic 

collisions 

Objectives 

•  Define and describe an elastic collision. 

•  Describe the possible outcomes that result from the 

collision of one moving ball with one stationary ball 

when their masses are equal or unequal. 

•  Determine if a collision is elastic or not. 

Assessment 
1.  Define the difference between elastic and inelastic collisions. 

2.  A 10 kg ball moving with a velocity of +3.0 m/s strikes a stationary 

10 kg ball.  If the collision is elastic, what are the velocities of the 

two balls after the collision? 

3.  A 1.0 kg ball moving with a velocity of +1.0 m/s strikes a 

stationary 3.0 kg ball.  After the collision, the two balls stick 

together and move at +0.25 m/s.  Was the collision elastic? 

Physics terms 

•  elastic collision 

Equations 

Conservation of kinetic energy (elastic collisions only!): 

Conservation of momentum: 

Review: conservation laws 

Momentum:   The momentum before the collision equals 
the momentum after the collision. 

 
The energy before the collision equals the 

energy after the collision.  
 

Energy: 

closed system 
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•  Perfectly inelastic collisions:  The objects stick together. 

•  Inelastic collisions:  These collisions are somewhat bouncy.  

•  Elastic collisions:  These collisions are “perfectly” bouncy.   

 

 

Review: types of collisions 

Momentum is conserved in all three collisions.  

What is different about them? 

 

 

 

Review: types of collisions 

Momentum is conserved in all three collisions.  

What is different about them? 

 

 

 

One of them ALSO conserves kinetic energy.  Which one? 

 

 

Elastic vs. inelastic collisions 

•  Elastic collisions:  the total kinetic energy IS conserved. 

•  Inelastic collisions:  kinetic energy is NOT conserved.  

Some of it is transformed to other types of energy—such as 

thermal energy or sound energy. 

Elastic vs. inelastic collisions 

Inelastic collisions 
conserve momentum 

but NOT kinetic energy. 

Inelastic collisions 

All real collisions between     
macroscopic objects are 

inelastic. 

Inelastic collisions 
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If these collisions were totally 
elastic, the ball would  

bounce forever. 

So if a bouncing ball isn’t really elastic, then what is? 

Elastic collisions Examples of elastic collisions 

 
Collisions between gas 
molecules are elastic.  

Examples of elastic collisions 

 

Near-miss ‘collisions’ between 
the comet and the Sun can 

also be treated as elastic. 
 

 
 

Examples of elastic collisions 

 

 

Collisions between 

billiard balls are 

nearly elastic.  

 

Examples of elastic collisions 

  
Collisions between steel balls 

in this popular toy are     

nearly elastic.  

 

An elastic collision 
conserves momentum 

and kinetic energy. 

 

Elastic collisions 
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Conservation of kinetic energy 

In Investigation 11B 

(part 2) you will 

experiment with 

elastic collisions 

between two balls.  

Investigation 

Click the second 

simulation on 

page 320. 

The red ball starts 

at rest. 

Investigation 

The green ball 

moves with the 

velocity you set 

here.  

Investigation 

Investigation 

1.  The model simulates the 
collision of 2 elastic rubber 

balls. 

2.  Run the simulation for different 
combinations of masses for the 

red and green balls.  For each 

case, tabulate the masses and 
velocities.  

Elastic collisions 

Answer the questions on 
your assignment sheet. 

Investigate three 
special cases: 

  mgreen =  mred 

  mgreen <  mred 

  mgreen >  mred 

 

Investigation 

What patterns do you find in your data? 
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Case 1:  m
1
= m

2 

What happens when masses are equal? 

m
2 m

1 

The green ball stops.  

All the velocity of the green ball is transferred to the red ball. 

m
1 

m
2 

v
2
 = v

0 
v

1
 = 0

 

Case 1 results:  m
1
= m

2 

The equal-mass balls in this 

toy illustrate this situation.  

  

The incident ball stops and 

the target ball takes off with 

all the momentum and kinetic 

energy. 

Case 1:  m
1
= m

2 

m
1 m

2 

What happens when the green ball has LESS mass? 

Case 2:  m
1
< m

2 

When the green ball has LESS mass than the red ball, 

the green ball bounces backwards . . . 

Case 2 results:  m
1
< m

2 

m
1 m

2 

                     . . . and the red ball goes forward. 

But the red balls’ velocity is less than the green ball’s initial velocity. 

 

Case 2 results:  m
1
< m

2 

m
2 

m
1 
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The larger the ratio of the masses . . . 

the less velocity is transferred to the red ball and 

the greater the rebound speed of the green ball. 

 

Case 2 results:  m
1
<< m

2 

m
1 

m
2 

What happens when the green ball has MORE mass? 

Case 3:  m
1
> m

2 

m
1 m

2 

When the green ball has more mass, both balls move forward. 

But the red ball moves faster, and the green ball loses speed. 

 

m
1 m

2 

Case 3 results:  m
1
> m

2 

When the green ball has MUCH more mass, it is barely affected 

by the collision.  It moves forward at ALMOST its original velocity.   

                        What happens to the red ball? 

Case 3 results:  m
1
>> m

2 

m
2 

m
1 

The red ball takes off at high speed—almost twice the 

initial velocity of the green ball! 

Case 3 results:  m
1
>> m

2 

m
1 m

2 

Summarizing the three cases 

•  m
1
 = m

2
   

 

•  m
1
 < m

2
    

 

•  m
1
 > m

2
    

The balls swap their velocities. 
 

 

The less massive incoming ball bounces backward. 

 

The more massive incoming ball continues 

forward, and the less massive target ball moves 

forward even faster.  
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Elastic collisions 

Kinetic energy is conserved. 

Elastic collisions 

Kinetic energy is conserved.  Momentum is also conserved. 

Patterns in the velocities 

What do you notice when you compare approach 

velocity (v
1
 = 2 m/s) to the final velocities?  

Patterns in the velocities 

The approach speed v
1 always equals the separation speed (vf2 – vf2).    

Elastic collisions are perfectly “bouncy”.  

Elastic collisions 

In an elastic collision, the total kinetic energy before the collision 

is the same as the total kinetic energy after the collision. 

= 

Real (inelastic) collisions 

> 

In an inelastic collision, the total kinetic energy after the collision 

is less because some energy has been converted to other forms. 
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Momentum is always conserved in collisions—

whether they are elastic or inelastic!  

> 

Comparing inelastic and elastic collisions Comparing inelastic and elastic collisions 

Kinetic energy is only conserved in elastic collisions. 

> 

Momentum is always conserved in collisions—

whether they are elastic or inelastic!  

Assessment 
1.  Define the difference between elastic and inelastic collisions. 

 

Assessment 
1.   Define the difference between elastic and inelastic collisions. 

 
An elastic collision is one in which both momentum and 

kinetic energy are conserved.  An elastic collision is bouncy.  

The objects never stick together. 

 

Assessment 
2.  A 10 kg ball moving with a velocity of +3.0 m/s strikes a stationary 

10 kg ball.  If the collision is elastic, what are the velocities of the 

two balls after the collision? 

 Hint:  these balls have equal mass. 

 

Assessment 
2.   A 10 kg ball moving with a velocity of +3.0 m/s strikes a stationary 

10 kg ball.  If the collision is elastic, what are the velocities of the 

two balls after the collision? 

 

 

The balls swap velocities.  The first ball stops, and the second ball 
moves off with a speed of +3.0 m/s after the collision. 
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Assessment 
3.  A 1.0 kg ball moving with a velocity of +1.0 m/s strikes a stationary 

3.0 kg ball.  After the collision, the two balls stick together and 

move at +0.25 m/s.  Was the collision elastic? 

 

 

Assessment 
3.   A 1.0 kg ball moving with a velocity of +1.0 m/s strikes a stationary 

3.0 kg ball.  After the collision, the two balls stick together and 

move at +0.25 m/s.  Was the collision elastic? 

 

 
If the collision is elastic, then Eki will equal Ekf. 

Kinetic energy before the collision: 

 

 

3.  A 1.0 kg ball moving with a velocity of +1.0 m/s strikes a stationary 
3.0 kg ball.  After the collision, the two balls stick together and 

move at +0.25 m/s.  Was the collision elastic? 

 

 

 

 

Assessment 

If the collision is elastic, then Eki will equal Ekf. 

Kinetic energy before the collision: 

 

 

 

Kinetic energy after the collision: 

 

 

Assessment 
3.   A 1.0 kg ball moving with a velocity of +1.0 m/s strikes a stationary 

3.0 kg ball.  After the collision, the two balls stick together and 

move at +0.25 m/s.  Was the collision elastic? 

 

 

The collision is 
not elastic.  

 

Some Ek was lost

—transformed 

into other kinds 

of energy.  

If the collision is elastic, then Eki will equal Ekf. 

Kinetic energy before the collision: 

 

 

 

Kinetic energy after the collision: 

 

 

Assessment 
3.  A 1.0 kg ball moving with a velocity of +1.0 m/s strikes a stationary 

3.0 kg ball.  After the collision, the two balls stick together and 

move at +0.25 m/s.  Was the collision elastic? 

 

 There is a simpler way to tell that this 

particular collision is NOT elastic.  

Elastic collisions are perfectly bouncy.  

These balls did not bounce at all. 

 Calculate the final velocities for a collision with equal masses.  

Advanced:  Doing the calculation 
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The initial kinetic energy is a known quantity.  

Conservation of kinetic energy 

The final kinetic energy is this. 

What can we cancel?  

Conservation of kinetic energy 

Cancel the masses and the factors of ½. 

Conservation of kinetic energy 

That leaves this equation, which has two unknowns, v
1
 and v

2
. 

 

Energy 

 

Conservation of kinetic energy 

This second equation is conservation of momentum. 

Energy 

 

Momentum 

Conservation of momentum 

Canceling the masses gives us the two equations we need. 

Energy 

 

Momentum 

Conservation of momentum 
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How do we solve these two equations to find v
1
 and v

2
? Solve the momentum equation for v

1
. 

Substitute this into the energy equation. 

Expand the quadratic term. 

2 2 

Solve for v
2
. Solve for v

2
. 
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This first solution obeys the conservation laws, 

but it is NOT physically possible! 

The second solution obeys the conservation laws, 

AND it is physically possible! 
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For unequal masses the equations are a bit more 

complex because the masses don’t cancel out. 

The technique for solving them is the same and this is the result. 

These equations are used 

for the calculations in the 

simulation. 

How the simulation works 


