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T h e  m o m en t u m  o f  a  s y s t e m  ch a n g e s  i f  a  n e t  f o r c e  f r om  t h e  

e n v i r o nm ent  a c t s  o n  t h e  s y s t e m .

Fo r  m o m en t u m  c o n s i d e r a t i o n s ,  a  s y s t e m  i s  n o n - i s o l a t e d  i f  a  

n e t  f o r c e  a c t s  o n  t h e  s y s t em  f o r  a  t i m e  i n t e r v a l .
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Impulse and Momentum

Impulse and Momentum
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From Newton’s Second Law, 𝐹⃗ =
ௗ௣⃗

ௗ௧

Solving for 𝑑𝑝 gives 𝑑𝑝 = 𝐹⃗𝑑𝑡

Integrating to find the change in momentum over some time interval.

∆𝑝 = 𝑝௙ − 𝑝௜ = න 𝐹⃗𝑑𝑡
௧೑

௧೔

The integral is called the impulse, 𝐼 , of the force acting on an object over ∆𝑡.

• A vector quantity.

• SI units are:

• 𝑁. 𝑠 = 𝑘𝑔. 𝑚 𝑠⁄
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Impulse-Momentum Theorem
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The change in the momentum of a particle is equal to the impulse of the new force 
acting on the  particle.

∆𝑝 = 𝐼

• This is equivalent to Newton’s Second Law.

• This is identical in form to the conservation of energy equation.

• This is the most general statement of the principle of conservation of momentum 
and is called the conservation of momentum equation.

• This form applies to non-isolated systems.

• This is the mathematical statement of the non-isolated system (momentum) 
model.

More About Impulse

The magnitude of the impulse is equal 
to the area under the force-time curve.

• The force may vary with time.

• Impulse is not a property of the 
particle, but a measure of the change 
in momentum of the particle.

𝑡௙𝑡௜
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Impulse, Final

The impulse can also be found by 
using the time averaged force.

𝐼 = 𝐹⃗௔௩௚.∆𝑡

• This would give the same impulse as 
the time-varying force does.

𝑡௙𝑡௜

𝐹௔௩௚.
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Impulse Approximation
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In many cases, one force acting on a particle acts for a short time, but is much 

greater than any other force present.

When using the Impulse Approximation, we will assume this is true.

 Especially useful in analyzing collisions

The force will be called the impulsive force.

The particle is assumed to move very little during the collision.

𝑝௜ and 𝑝௙ represent the momenta immediately before and after the collision.
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Momentum and Kinetic Energy
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Momentum and kinetic energy both involve mass and velocity.

There are major differences between them:

 Kinetic energy is a scalar and momentum is a vector.

 Kinetic energy can be transformed to other types of energy.

 There is only one type of linear momentum, so there are no similar 

transformations.

Analysis models based on momentum are separate from those based on energy.

This difference allows an independent tool to use in solving problems.

Example 23.1 
The Hydrogen 
Atom

 The electron and proton of a hydrogen 
atom are separated by a distance of 
approximately 5.3 × 10ିଵଵ 𝑚. Find the 
magnitudes of the electric force and the 
gravitational force between the two 
particles.

 𝑞௘ = −1.6 × 10ିଵଽ 𝐶

𝑞௣ = 1.6 × 10ିଵ  𝐶

𝑚௘ = 9.11 × 10ିଷ  𝑘𝑔

𝑚௣ = 1.67 × 10ିଶ଻ 𝑘𝑔

𝑘௘ = 9 × 10ଽ 𝑁. 𝑚ଶ/𝐶ଶ

𝐺 = 6.67 × 10ିଵଵ 𝑁. 𝑚ଶ/𝑘𝑔ଶ
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In a particular crash test, a car of mass 1500 𝑘𝑔 collides with a wall. The initial and final 
velocities of the car are 𝑣⃗௜ = −15 𝚤̂  𝑚 𝑠⁄ and 𝑣⃗௙ = 2.6 𝚤̂  𝑚 𝑠⁄ ,  respectively. If the collision 
lasts 0.15 𝑠, find:

the impulse caused by the collision and○

the average net force exerted on the car.○

Lecturer: Mustafa Al-Zyout, Philadelphia University, Jordan.
R. A. Serway and J. W. Jewett, Jr., Physics for Scientists and Engineers, 9th Ed., CENGAGE Learning, 2014.
J. Walker, D. Halliday and R. Resnick, Fundamentals of Physics, 10th ed., WILEY,2014.
H. D. Young and R. A. Freedman, University Physics with Modern Physics, 14th ed., PEARSON, 2016.
H. A. Radi and J. O. Rasmussen, Principles of Physics For Scientists and Engineers, 1st ed., SPRINGER, 2013.

𝐼 = 𝑚൫𝑣௙ − 𝑣௜൯

= 1500 × (26 − 15 
ି ) = 61500 𝑁 ⋅ 𝑠

𝐼 = 𝐹௔௩௚ ∆𝑡

𝐹௔௩௚  =
𝐼

Δ𝑡
⎯⎯ =

61500

0.15
⎯⎯⎯⎯⎯ = 4.1 × 10ହ𝑁

1-D impulse
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The magnitude of the net force exerted in the x direction on a 2.5 𝑘𝑔 particle varies in time as 
shown. Find:

the impulse of the force over the 5 𝑠 time interval, ○

the final velocity the particle attains if it is originally at rest,○

its final velocity if its original velocity is −2 𝚤̂  𝑚 𝑠⁄ , and○

the average force exerted on the particle for the time interval between 0 and 5 𝑠.○

Lecturer: Mustafa Al-Zyout, Philadelphia University, Jordan.
R. A. Serway and J. W. Jewett, Jr., Physics for Scientists and Engineers, 9th Ed., CENGAGE Learning, 2014.
J. Walker, D. Halliday and R. Resnick, Fundamentals of Physics, 10th ed., WILEY,2014.
H. D. Young and R. A. Freedman, University Physics with Modern Physics, 14th ed., PEARSON, 2016.
H. A. Radi and J. O. Rasmussen, Principles of Physics For Scientists and Engineers, 1st ed., SPRINGER, 2013.

Impulse - Area
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Starting from rest, a 65 𝑘𝑔 athlete jumps down onto a platform from a height of 0.6 𝑚. While she is in contact 
with the platform during the time interval 0 < 𝑡 < 0.8 𝑠, the force she exerts on it is described by the function: 
𝐹(𝑡) = 9200𝑡 − 11500𝑡ଶ, where F is in Newtons and t is in seconds.

What impulse did the athlete receive from the platform?○

With what speed did she reach the platform?○

With what speed did she leave it?○

To what height did she jump upon leaving the platform?○

Lecturer: Mustafa Al-Zyout, Philadelphia University, Jordan.
R. A. Serway and J. W. Jewett, Jr., Physics for Scientists and Engineers, 9th Ed., CENGAGE Learning, 2014.
J. Walker, D. Halliday and R. Resnick, Fundamentals of Physics, 10th ed., WILEY,2014.
H. D. Young and R. A. Freedman, University Physics with Modern Physics, 14th ed., PEARSON, 2016.
H. A. Radi and J. O. Rasmussen, Principles of Physics For Scientists and Engineers, 1st ed., SPRINGER, 2013.

Impulse - Integration
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