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Linear Momentum and Collisions

Chapter 9
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Linear Momentum and it’s 
Conservation

Lecture 01
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Momentum Analysis Models

Force and acceleration are related by Newton’s second law.

When force and acceleration vary by time, the situation can be very complicated.

The techniques developed in this chapter will enable you to understand and analyze 

these situations in a simple way.

Will develop momentum versions of analysis models for isolated and non-isolated 

systems

These models are especially useful for treating problems that involve collisions and 

for analyzing rocket propulsion.
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Thought Experiment

An archer stands on frictionless ice and fires an arrow.  What is the archer’s 

velocity after firing the arrow?

 Motion models such as a particle under constant acceleration cannot be used.

 No information about the acceleration of the arrow

 Model of a particle under constant force cannot be used.

 No information about forces involved

 Energy models cannot be used.

 No information about the work or the energy (energies) involved

A new quantity is needed – linear momentum.
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Cons ide r  newton ’ s  s econd  l aw :

𝐹 = 𝑚𝑎 = 𝑚
𝑑𝑣

𝑑𝑡
=

𝑑 𝑚𝑣

𝑑𝑡

With  cons tant  mas s .

The  n et  f o r ce  i s  equa l  to  the  change  in  th e  p roduct  𝑚𝑣 p er  un i t  

t ime .

Th i s  p roduct  i s  ca l l ed  the  l i n ea r  momentum (o r  the  momentum) .
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Linear Momentum

Linear Momentum
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The linear momentum of a particle or an object of mass 𝑚 moving with a velocity 
𝑣⃗ is defined to be the product of the mass and velocity:

𝑝 = 𝑚𝑣

Linear momentum is a vector quantity. 

Its direction is the same as the direction of the velocity.

The SI units of momentum are:

𝑘𝑔.𝑚 𝑠⁄

Momentum can be expressed in component form:

𝑝௫ = 𝑚𝑣௫ 𝑝௬ = 𝑚𝑣௬ 𝑝௭ = 𝑚𝑣௭
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Conservation of Linear Momentum
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Whenever two or more particles in an isolated system interact, the total 
momentum of the system remains constant.

• The momentum of the system is conserved, not necessarily the momentum of 
an individual particle.

• Avoid applying conservation of momentum to a single particle.

• This also tells us that the total momentum of an isolated system equals its 
initial momentum.

Conservation of Momentum
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Conservation of momentum can be expressed mathematically in various ways:

𝑝௧௢௧௔௟ = 𝑝ଵ + 𝑝ଶ = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑝ଵ௜ + 𝑝ଶ௜ = 𝑝ଵ௙ + 𝑝ଶ௙

In component form, the total momenta in each direction are independently 
conserved.

𝑝ଵ௜௫ + 𝑝ଶ௜௫ = 𝑝ଵ௙௫ + 𝑝ଶ௙௫

𝑝ଵ௜௬ + 𝑝ଶ௜௬ = 𝑝ଵ௙௬ + 𝑝ଶ௙௬

𝑝ଵ௜௭ + 𝑝ଶ௜௭ = 𝑝ଵ௙௭ + 𝑝ଶ௙௭

Conservation of momentum can be applied to systems with any number of particles.
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Forces and Conservation of Momentum
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In conservation of momentum, there is no statement concerning the types of 
forces acting on the particles of the system.

The forces are not specified as conservative or non-conservative.

There is no indication if the forces are constant or not.

The only requirement is that the forces must be internal to the system.

• This gives a hint about the power of this new model.

Newton’s Second Law and Momentum

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

10

Newton’s Second Law:

𝐹⃗ = 𝑚𝑎⃗ = 𝑚
𝑑𝑣⃗

𝑑𝑡
=
𝑑 𝑚𝑣

𝑑𝑡
=
𝑑𝑝

𝑑𝑡

The time rate of change of the linear momentum of a particle is equal to the net 
force acting on the particle.

• This is the form in which Newton presented the Second Law.

• It is a more general form than the one we used previously.

• This form also allows for mass changes.
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A 3 𝑘𝑔 particle has a velocity of (3𝚤̂ − 4𝚥̂) 𝑚 𝑠⁄ .
Find its x and y components of momentum.○

Find the magnitude and direction of its momentum.○
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𝑃ሬ⃗ = 𝑚𝑣

= 3(3𝚤̂ − 4𝚥)̂

= ൫9𝚤̂ − 12𝐽መ൯𝑘𝑔 ⋅ 𝑚 𝑠⁄
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An object has a kinetic energy of 275 𝐽 and a momentum of magnitude 25 𝑘𝑔. 𝑚 𝑠⁄ . Find the speed and mass of the object.
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A cannon of mass 𝑀 = 1500 𝑘𝑔 shoots a projectile of mass 𝑚 = 100 𝑘𝑔 with a 
horizontal speed 𝑣 = 30 𝑚 𝑠⁄ , as shown. If the cannon can recoil freely on a 
horizontal ground, what is its recoil speed 𝑉 just after shooting the projectile?
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