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Linear Momentum and Collisions

Chapter 9
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The t e rm co l l i s i on  r ep re s ent s  an  event  du r ing  wh i ch  two  
par t i c l e s  come c l os e  to  each  o the r  and  int e rac t  by  means  o f  
f o r ce s .

May involve physical contact, but must be generalized to include cases with 
interaction without physical contact

The  i nt e rac t i on  f orc e s  a re  a s sumed  to  b e  much  g rea t e r  than  any  
ex te rna l  f or c e s  p re s ent .

This means the impulse approximation can be used.
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Collisions – Characteristics 

Collisions – Example 1 

Collisions may be the result of direct 

contact.

The impulsive forces may vary in time 

in complicated ways.

Momentum is conserved.
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Collisions – Example 2

The collision need not include physical 

contact between the objects.

There are still forces between the 

particles.

This type of collision can be analyzed 

in the same way as those that include 

physical contact.
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Types of Collisions

Elastic collision

Both 
momentum 
and kinetic 
energy are 
conserved

Inelastic collision

kinetic energy 
is not 

conserved

momentum is 
still conserved.

Perfectly inelastic 
collision

kinetic energy is 
not conserved

momentum is 
still conserved.

the objects stick 
together after 
the collision
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Types of Collisions
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Elastic collisions occur on a microscopic level.

o In macroscopic collisions, only approximately elastic collisions actually occur.

o Generally some energy is lost to deformation, sound, etc.

In an inelastic collision, some kinetic energy is lost, but the objects do not stick 

together.

Elastic and perfectly inelastic collisions are limiting cases, most actual collisions 

fall in between these two types .

Momentum is conserved in all collisions

Perfectly Inelastic Collisions

Momentum of an isolated system is 
conserved in any collision, so the total 
momentum before the collision is equal to 
the total momentum of the composite 
system after the collision.

Since the objects stick together, they 
share the same velocity after the 
collision.

𝑚ଵ
𝑣⃗ଵ௜

𝑚ଶ𝑣⃗ଶ௜

𝑚ଵ + 𝑚ଶ

𝑣⃗௙

Before the collision

After the collision

6-Oct-25Mustafa Al-Zyout - Philadelphia Uiversity

8

𝑚ଵ𝑣⃗ଵ௜ + 𝑚ଶ𝑣⃗ଶ௜ = 𝑚ଵ + 𝑚ଶ 𝑣⃗௙
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Elastic Collisions
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Both momentum and kinetic energy are 

conserved.

𝑚ଵ𝑣⃗ଵ௜ + 𝑚ଶ𝑣⃗ଶ௜ = 𝑚ଵ𝑣⃗ଵ௙ + 𝑚ଶ𝑣⃗ଶ௙

1

2
𝑚ଵ𝑣ଵ௜

ଶ +
1

2
𝑚ଶ𝑣ଶ௜

ଶ =
1

2
𝑚ଵ𝑣ଵ௙

ଶ +
1

2
𝑚ଶ𝑣ଶ௙

ଶ

Typically, there are two unknowns to 

solve for and so you need two equations.

𝑚ଵ
𝑣⃗ଵ௜

𝑚ଶ

𝑣⃗ଶ௜

𝑚ଵ𝑣⃗ଵ௙ 𝑚ଶ 𝑣⃗ଶ௙

Before the collision

After the collision

Elastic Collisions
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𝑣⃗ଵ௙ =
𝑚ଵ − 𝑚ଶ

𝑚ଵ + 𝑚ଶ
𝑣⃗ଵ௜ +

2𝑚ଶ

𝑚ଵ + 𝑚ଶ
𝑣⃗ଶ௜

𝑣⃗ଶ௙ =
2𝑚ଵ

𝑚ଵ + 𝑚ଶ
𝑣⃗ଵ௜ +

𝑚ଶ − 𝑚ଵ

𝑚ଵ + 𝑚ଶ
𝑣⃗ଶ௜

Equations of conservation of linear momentum and conservation of kinetic energy can 

be solved for the final velocities in terms of the initial velocities and masses:

Can only be used with a one-dimensional, elastic collision.

Remember to use the appropriate signs for all velocities.
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Elastic Collisions, Some special cases
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• 𝑣ଵ௙ = 𝑣ଶ௜

• 𝑣ଶ௙ = 𝑣ଵ௜

𝑚ଵ = 𝑚ଶ ; the particles exchange velocities. 

• 𝑣ଵ௙ ≅ 𝑣ଵ௜

• 𝑣ଶ௙ ≅ 2𝑣ଵ௜

When a very heavy particle 𝑚ଵ collides head-on with a 
very light one 𝑚ଶ initially at rest 𝑚ଵ ≫ 𝑚ଶ  and 𝑣ଶ௜ = 0 , 
the heavy particle continues in motion unaltered and the 
light particle rebounds with a speed of about twice the 

initial speed of the heavy particle.

• 𝑣ଵ௙ = −𝑣ଵ௜

• 𝑣ଶ௙ ≅ 0

When a very light  particle 𝑚ଵ collides head-on with a very 
heavy particle 𝑚ଶ initially at rest 𝑚ଵ ≪ 𝑚ଶ  and 𝑣ଶ௜ = 0 , 

the light particle has its velocity reversed and the heavy 
particle remains approximately at rest.

Two-Dimensional Collisions
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Same as in 1-D.

Vector Momentum Conservation:

𝑚ଵ𝑣⃗ଵ௫ + 𝑚ଶ𝑣⃗ଶ௫௜ = 𝑚ଵ𝑣⃗ଵ௫ + 𝑚ଶ𝑣⃗ଶ௫௙

𝑚ଵ𝑣⃗ଵ௬௜ + 𝑚ଶ𝑣⃗ଶ௬௜ = 𝑚ଵ𝑣⃗ଵ௬௙ + 𝑚ଶ𝑣⃗ଶ௬௙

If the collision is elastic, Kinetic Energy Conservation:

1

2
𝑚ଵ𝑣ଵ௜

ଶ +
1

2
𝑚ଶ𝑣ଶ௜

ଶ =
1

2
𝑚ଵ𝑣ଵ௙

ଶ +
1

2
𝑚ଶ𝑣ଶ௙

ଶ

 The simpler equations can only be used for one-dimensional situations.
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Two-Dimensional Collision, example

Particle 1 is moving at velocity 𝑣⃗ଵ௜

and particle 2 is at rest.

Before the collision:

The initial momentum in the x-

direction, is:

𝑚ଵ𝑣⃗ଵ௜

The initial momentum in the y-

direction, is 0.

𝑚ଶ

𝑚ଵ
𝑣⃗ଵ௜

Before the collision
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Two-Dimensional Collision, example cont.

After the collision:

The momentum in the x-direction is:

𝑚ଵ𝑣⃗ଵ௙𝑐𝑜𝑠𝜃 + 𝑚ଶ𝑣⃗ଶ௙𝑐𝑜𝑠𝜑

After the collision, the momentum in 

the y-direction is

𝑚ଵ𝑣⃗ଵ௙𝑠𝑖𝑛𝜃 − 𝑚ଶ𝑣⃗ଶ௙𝑠𝑖𝑛𝜑

 The negative sign is due to the  

component of the velocity being 

downward.

If the collision is elastic, apply the 

kinetic energy equation.

After the collision

𝑚ଵ

𝑣⃗ଵ௙

𝜃

𝑣⃗ଵ௙𝑐𝑜𝑠𝜃

𝑣⃗ଵ௙𝑠𝑖𝑛𝜃
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𝑚ଶ 𝑣⃗ଶ௙

𝜑
𝑣⃗ଶ௙𝑐𝑜𝑠𝜑

𝑣⃗ଶ௙𝑠𝑖𝑛𝜑
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A block of mass 𝑚ଵ = 1.6 𝑘𝑔 initially moving to the right with a speed of 4 𝑚 𝑠⁄

on a frictionless, horizontal track collides with a light spring attached to a second 
block of mass 𝑚ଶ = 2.1 𝑘𝑔 initially moving to the left with a speed of 2.5 𝑚 𝑠⁄ . 
The spring constant is 600 𝑁 𝑚⁄ .

Find the velocities of the two blocks after the collision.○

Determine the velocity of block 2 during the collision, at the instant block 1 is 
moving to the right with a velocity of 3 𝑚 𝑠⁄ .

○

Determine the distance the spring is compressed at that instant.○

(NOTE: Because the spring force is conservative, kinetic energy in the system of 
two blocks and the spring is not transformed to internal energy during the 
compression of the spring. We can categorize the collision as being elastic.)

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.

1-D elastic collision
Saturday, 30 January, 2021 15:27
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An 1800 𝑘𝑔 car stopped at a traffic light is struck from the rear by a 900 𝑘𝑔 car. The two cars become entangled, moving 
along the same path as that of the originally moving car. If the smaller car were moving at 20 𝑚 𝑠⁄ before the collision, what 
is the velocity of the entangled cars after the collision?

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.

1-D perfectly inelastic collision
Saturday, 30 January, 2021 15:28
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A 1200 𝑘𝑔 car traveling initially at 𝑣஼௜ = 25 𝑚 𝑠⁄ in an easterly direction crashes into the back of a 9000 𝑘𝑔 truck moving in 
the same direction at 𝑣்௜ = 20 𝑚 𝑠⁄ . The velocity of the car immediately after the collision is 𝑣஼௙ = 18 𝑚 𝑠⁄ to the east.

What is the velocity of the truck immediately after the collision?○

What is the change in mechanical energy of the car�truck system in the collision?○

Account for this change in mechanical energy.○

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.

1-D inelastic collision
Saturday, 30 January, 2021 15:30
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A projectile of mass 𝑚ଵ is fired into a large block of wood of mass 𝑚ଶ suspended from 
some light wires. The projectile embeds in the block, and the entire system swings 
through a height ℎ. How can we determine the speed of the projectile from a 
measurement of ℎ?

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.

Just before and after the collision; the linear momentum is conserved:
⇒  𝑚𝑣ଵ௜ + 𝑀𝑣ଶ௜ = (𝑚 + 𝑀)𝑣௙ ;  {𝑣ଶ௜ = 0 𝑚/𝑠}

⇒  𝑣௙ =
𝑚𝑣ଵ௜

(𝑚 + 𝑀)
⎯⎯⎯⎯⎯⎯⎯⎯ .....(1)

After the collision; the mechanical energy is conserved:
𝐸௙ = 𝐸௜ ⇒  𝑈௙ = 𝐾௜

⇒  (𝑚 + 𝑀)𝑔ℎ =
1

2
⎯⎯(𝑚 + 𝑀)𝑣௜

ଶ ⇒  𝑣௜ = ඥ2𝑔ℎ
⎯⎯⎯⎯   .....(2)

൛𝑣௜ = 𝑣௙ just before the collisionൟ

⇒  𝑣ଵ௜ = ቆ
𝑚 + 𝑀

𝑚
⎯⎯⎯⎯⎯⎯ቇ ඥ2𝑔ℎ

⎯⎯⎯⎯ 

The Ballistic Pendulum
Saturday, 30 January, 2021 15:28
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A proton collides elastically with another proton that is initially at rest. The incoming proton has 
an initial peed of 3.5 × 10ହ  𝑚 𝑠⁄ and makes a glancing collision with the second proton as shown.   
After the collision, one proton moves off at an angle of 37° to the original direction of motion and 
the second deflects at an angle of 𝜑 to the same axis. Find the final speeds of the two protons and 
the angle 𝜑.

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.

2-D elastic collision
Saturday, 30 January, 2021 15:27
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A 1500 𝑘𝑔 car traveling east with a speed of 25 𝑚 𝑠⁄ collides at an intersection with a 
2500 𝑘𝑔 truck traveling north at a speed of 20 𝑚 𝑠⁄ , as shown. Find the direction and 
magnitude of the velocity of the wreckage after the collision, assuming the vehicles stick 
together after the collision.

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.

2-D perfectly inelastic collision
Saturday, 30 January, 2021 15:29
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A 0.3 𝑘𝑔 puck, initially at rest on a horizontal, frictionless surface, is struck by a 0.2 𝑘𝑔 puck moving initially along the x axis 
with a speed of 2 𝑚 𝑠⁄ . After the collision, the 0.2 𝑘𝑔 puck has a speed of 1 𝑚 𝑠⁄ at an angle of 𝜃 = 53° to the positive x axis.

Determine the velocity of the 0.3 𝑘𝑔 puck after the collision.○

Find the fraction of kinetic energy transferred away or transformed to other forms of energy in the collision.○

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.

2-D inelastic collision
Saturday, 30 January, 2021 15:30
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