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Impulse calculate the change in momentum of an object

• Calculate the change in momentum of an object.

• Define impulse and its units.

• Calculate the impulse applied to a physical system.

Objectives

Assessment

1. Calculate the change in momentum of a 1000 kg car 

that speeds up from 10 m/s to 15 m/s.

2. Which set of units below is NOT correct for 

impulse?
A. kg m/s           B.  N s             C.  kg m2/s

a) What is the impulse applied to the rocket? 

b) How long did this event last?

3. A 2.0 kg rocket is subjected to a constant force of 400 N   

that accelerates it from rest to a speed of 100 m/s.

Physics terms

• momentum

• impulse

Equations

Impulse is force multiplied by the 

time over which the force acts. 

The impulse imparted to an object 

equals its change in momentum.

The momentum of an object 

changes as it speeds up or 

slows down.

Changes in momentum
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The momentum of an object 

changes as it speeds up or 

slows down.

For example, this 2000 kg car 

slows to a stop and loses its 

momentum.

Changes in momentum

A change in momentum is called an impulse, J.

Since impulse is the change in momentum,      

it has the same units as momentum:  kg m/s.

Impulse

a)  What is its change in momentum?

Impulse

A 1000 kg car is initially parked.  It accelerates to 15 m/s.

a)  What is its change in momentum?

b)  What is the impulse?

Impulse

A 1000 kg car is initially parked.  It accelerates to 15 m/s.

a)  What is its change in momentum?

b)  What is the impulse?

the same!

Impulse

A 1000 kg car is initially parked.  It accelerates to 15 m/s.

-2.0 m/s 

Calculating impulse

A 500 gram ball of clay is falling at -2.0 m/s 

when it strikes the ground.  It sticks to the 

ground without bouncing.  

What is the impulse on the clay during the 

collision?  (Watch out for signs!)
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A 500 gram ball of clay is falling at -2.0 m/s 

when it strikes the ground.  It sticks to the 

ground without bouncing.  

What is the impulse on the clay during the 

collision?  (Watch out for signs!)
-2.0 m/s 

Calculating impulse

-2.0 m/s 

Calculating impulse

A 500 gram superball is falling at 2.0 m/s 

when it strikes the ground.  It bounces back 

up at 2.0 m/s.  

Will the impulse on the superball be greater 

than or less than the impulse on the clay?

+2.0 m/s 

-2.0 m/s 

Calculating impulse

The impulse on the superball will be greater!  

It doesn’t just come to a stop.  

It reverses direction!

+2.0 m/s 

A 500 gram superball is falling at 2.0 m/s 

when it strikes the ground.  It bounces back 

up at 2.0 m/s.  

Will the impulse on the superball be greater 

than or less than the impulse on the clay?

Calculate the impulse.

-2.0 m/s 

Calculating impulse

Twice as much impulse 

as the clay ball!

+2.0 m/s 

A 500 gram superball is falling at 2.0 m/s 

when it strikes the ground.  It bounces back 

up at 2.0 m/s.  

Calculate the impulse:

There are many ways to deliver the same impulse.  Here are 

three ways to apply an impulse to slow down a car. 

In each case the impulse J = Δp is the same.  What is different?

Impulse

The time the impulse is applied is different in each case.

Impulse

If the time decreases, then the force must increase to 

supply the same impulse.
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This definition of impulse leads to 

a second set of units for impulse:  

Impulse: a second definition

A force F exerted for a time Δt applies an impulse J. 

When an impulse J is applied to an object, 

it causes a change in momentum Δp. 

This second definition for 

impulse gives us a second 

set of units for impulse:

newton-seconds, or N s. 

Impulse units:  N s = kg m/s

Units

Click this 

interactive 

calculator on 

page 308. 

Exploring the ideas

What impulse is imparted 

to a car if a force of 500 N 

is applied for 3.0 

seconds?

Engaging with the concepts

Impulse

3.0

500

Click [Run] to observe 

the effect of the impulse 

on the car.

What impulse is imparted 

to a car if a force of 500 N 

is applied for 3.0 

seconds?

1500 N s

Engaging with the concepts

Impulse

3.0

500

1500

Engaging with the concepts

If the force on the car is 

doubled, what happens to 

the impulse?

If the time that the force is 

exerted triples, what 

happens to the impulse?

Impulse

3.0

1000
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Engaging with the concepts

If the force on the car is 

doubled, what happens to 

the impulse?

it doubles

If the time that the force is 

exerted triples, what 

happens to the impulse?

it triples   

Impulse

3.0

1000

3000

Impulse is directly proportional 

to force and to time.

Impulse J is a vector.  

Impulse can be positive or negative for motion along a line.

The direction of the force determines the direction of the impulse.

Impulse is a vector

Engaging with the concepts

Jonathan applies his 

brakes for 0.50 s, which 

imparts an impulse of -

1000 N s.  

What force did the brakes 

apply to slow down the 

car? 

Force

0.50

1000

-1000

Engaging with the concepts

Jonathan applies his 

brakes for 0.50 s, which 

imparts an impulse of -

1000 N s.  

What force did the brakes 

apply to slow down the 

car?   -2000 N

Force

0.50

1000

-1000

-2000

A negative force gives a negative impulse. 

Click [Run] to observe the effect on the car.

To change an object’s momentum, 

you can apply 

•a large force for a short time OR 

•a small force for a long time.

Describe some situations where 

you want to apply a smaller force 

for a longer time.

Applying what you’ve learned Applying what you’ve learned

How do we decrease the force by 

increasing the time in these cases?

• Car collisions  

• Sports collisions  
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How do we decrease the force by 

increasing the time in these cases?

• Car collisions  

• Sports collisions  

bumpers to protect the car,  

air bags and seat belts to 

protect people

Applying what you’ve learned

helmets and padding to 

reduce concussions and 

broken bones

Assessment

1. Calculate the change in momentum of a 1000 kg car 

that speeds up from 10 m/s to 15 m/s.

1. Calculate the change in momentum of a 1000 kg car 

that speeds up from 10 m/s to 15 m/s.

Assessment

2. Which set of units below is NOT correct for 

impulse?

Assessment

A. kg m/s         

B. N s

C. kg m2/s     

2. Which set of units below is NOT correct for 

impulse?

Assessment

Answer C is NOT correct.

Answers A and B are BOTH correct.

A. kg m/s         

B. N s

C. kg m2/s     

Assessment

3. A 2.0 kg rocket is subjected to a constant force of 400 N 

that accelerates it from rest to a speed of 100 m/s.

a) What is the impulse applied to the rocket? 

b)  How long did this event last?
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Assessment

3. A 2.0 kg rocket is subjected to a constant force of 400 N 

that accelerates it from rest to a speed of 100 m/s.

a) What is the impulse applied to the rocket? 

b)  How long did this event last?

Assessment

3. A 2.0 kg rocket is subjected to a constant force of 400 N 

that accelerates it from rest to a speed of 100 m/s.

a) What is the impulse applied to the rocket? 

b)  How long did this event last? J  =  F∆ t

Advanced

Substitute in for the acceleration:   

Newton’s second law can 

now be written in a 

different way:

Advanced

This form of Newton’s second law can even apply to 

situations where the mass of an object changes.  

Advanced

For example:   A rocket gets its force of thrust    

from burning fuel, which changes its mass. 

This form of Newton’s second law is rocket science!

This form of Newton’s second law can even apply to 

situations where the mass of an object changes.  


