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There are two quantities that depend on mass and velocity

kinetic energy momentum



• Momentum is a physical quantity which is closely 
related to forces. 

• Momentum is a property which applies to moving 
objects, in fact it is mass in motion. 

• If something has mass and it is moving then it has 
momentum.



DEFINITION
Momentum:
The linear momentum of a particle (object) is a vector quantity 
equal to the product of the mass of the particle (object) and its 
velocity.

The momentum (symbol �⃗�𝑝 ) of an object of mass𝑚𝑚 moving at velocity �⃗�𝑣 is:

𝑝𝑝 = 𝑚𝑚�⃗�𝑣

(SI unit: kg m s−1 )



�⃗�𝑝 = 𝑚𝑚�⃗�𝑣

• Momentum is directly proportional to both the mass and velocity of an 
object. 

• A small car travelling at the same velocity as a big truck will have a 
smaller momentum than the truck. 

• The smaller the mass, the smaller the momentum for a fixed velocity.

• If the mass is constant then the greater the velocity the greater the 
momentum. 

• The momentum will always be in the same direction as the velocity 
because mass is a scalar not a vector.



Different objects can also have the same momentum, for example a car travelling slowly can have the 
same momentum as a motorcycle travelling relatively fast.

Consider a car of mass 1 000 kg with a velocity of 8 m⋅s−1 East. The momentum of the car is therefore:

p⃗ = mv⃗
= (1 000)(8)
= 

8 000 kg⋅m⋅s−1 East
Now consider a motorcycle, also travelling East, of mass 250 kg travelling at 32 m⋅s−1. The momentum of 
the motorcycle is:

p⃗ = mv⃗
= (250)(32)
= 

8 000 kg⋅m⋅s−1 East

Even though the motorcycle is considerably lighter than the car, the fact that the motorcycle is travelling 
much faster than the car means that the momentum of both vehicles is the same.



DEFINITION
Newton's Second Law of Motion:
The net or resultant force acting on an object is equal to the rate 
of change of momentum.

�⃗�𝐹𝑛𝑛𝑛𝑛𝑛𝑛 =
∆�⃗�𝑝
∆𝑡𝑡

Mathematically, Newton's Second Law can be stated as:



Newton’s second law in terms of momentum

�⃗�𝐹𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑚𝑚�⃗�𝑎𝑛𝑛𝑛𝑛𝑛𝑛

�⃗�𝐹𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑚𝑚
∆�⃗�𝑣
∆𝑡𝑡

�⃗�𝐹𝑛𝑛𝑛𝑛𝑛𝑛 =
𝑚𝑚 ∆�⃗�𝑣
∆𝑡𝑡

�⃗�𝐹𝑛𝑛𝑛𝑛𝑛𝑛 =
∆�⃗�𝑝
∆𝑡𝑡



EXAMPLE: CHANGE IN MOMENTUM
A tennis ball of mass 58 g strikes a wall perpendicularly with a velocity of 10 m⋅s-1. It rebounds at 
a velocity of 8 m⋅s−1. Calculate the change in the momentum of the tennis ball caused by the wall.

Let us choose towards the wall as the positive direction.

∆�⃗�𝑝 = 𝑚𝑚�⃗�𝑣𝑓𝑓 − 𝑚𝑚�⃗�𝑣𝑖𝑖
= (0,058)(−8) − (0,058)(+10)
= (−0,46) − (0,58)
= −1,04
= 1,04 kg⋅m⋅s−1 away from the 

wall

The change in momentum is 1,04 kg⋅m⋅s−1 away from the wall.



ANOTHER EXAMPLE: CHANGE IN MOMENTUM
A rubber ball of mass 0,8 kg is dropped and strikes the floor with an initial velocity of 6 m⋅s−1. It 
bounces back with a final velocity of 4 m⋅s−1. Calculate the change in the momentum of the 
rubber ball caused by the floor.

Let us choose down as the positive direction.

∆�⃗�𝑝 = 𝑚𝑚�⃗�𝑣𝑓𝑓 − 𝑚𝑚�⃗�𝑣𝑖𝑖
= (0,8)(−4) − (0,8)(+6)
= (−3,2) − (4,8)
= −8
= 8,0 kg⋅m⋅s−1 upwards

The change in momentum is 8,0 kg·m·s−1 upwards.



• During a collision, a large force acts for a 
short time ∆𝑡𝑡.

• Since �⃗�𝐹 = ∆�⃗�𝑝
∆𝑛𝑛

we can relate change of 
momentum to the force applied:     �⃗�𝐹∆𝑡𝑡 =
∆�⃗�𝑝

• This is called the impulse defined by:

∆�⃗�𝑝 = �⃗�𝐹∆𝑡𝑡

Collisions and Impulse



Example:

A tennis ball of mass 60 g leaves a racket with a speed of 55 ms-1 .  The ball is in 
contact with the racket for 4 ms. Find the average force exerted by the racket on 
the ball.

Impulse ∶ ∆𝑝𝑝 = 𝑚𝑚∆𝑣𝑣
= 0.06 kg × 55 m s−1 − 0

= 3.3 kg m s−1

Since ∆𝑝𝑝 = 𝐹𝐹𝑎𝑎𝑎𝑎∆𝑡𝑡, we have   𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛 = ∆𝑝𝑝
∆𝑛𝑛

= 3.3 kgm s−1

0.004 s

= 825 N



The total momentum of a system is calculated by the vector sum of 
the momenta of all the objects or particles in the system. 

For a system with 𝑛𝑛 objects the total momentum is:

�⃗�𝑝𝑇𝑇 = �⃗�𝑝1 + �⃗�𝑝2 + ⋯+ �⃗�𝑝𝑛𝑛

�⃗�𝑝𝑇𝑇 = �
𝑖𝑖

�⃗�𝑝𝑖𝑖

Total Momentum



EXAMPLE: CALCULATING THE TOTAL MOMENTUM OF A SYSTEM

Two billiard balls roll towards each other. They each have a mass of 0,3 kg. Ball 1 is moving at �⃗�𝑣1= 1 m⋅s-1

to the right, while ball 2 is moving at �⃗�𝑣2= 0,8 m·s−1 to the left. Calculate the total momentum of the system

Let us choose moving to the right as the positive direction.

�⃗�𝑝𝑇𝑇 = 𝑚𝑚1�⃗�𝑣1 + 𝑚𝑚2�⃗�𝑣2
= (0,3)(+1) + (0,3)(−0,8) 

= (+0,3) + (−0,24)

= +0,06

= 0,06 kg⋅m⋅s−1 to the right



DEFINITION
Conservation of momentum
The total momentum of an isolated system is constant.

In the absence of an external force acting on a system, 
momentum is conserved.



• The system is isolated

• There can be internal forces, i.e. forces 
between objects in the system

• Momentum can be exchanged between 
objects in the system



EXAMPLE: CONSERVATION OF MOMENTUM

A bullet of mass 50 g travelling horizontally to the right at 500 m·s−1 strikes a stationary wooden block of 
mass 2 kg resting on a smooth horizontal surface. The bullet goes through the block and comes out on the 
other side at 200 m⋅s−1. Calculate the speed of the block after the bullet has come out the other side.



We choose the direction in which the bullet was travelling to be the positive direction, to the right.



Collisions
• In a collision between two objects, the 

total momentum is conserved if the 
system is isolated

• Forces act only at the instant of 
collision, and transfer momentum 
between objects

• Total momentum before the collision 
equals total momentum after the 
collision :

𝑚𝑚𝐴𝐴�⃗�𝑣𝐴𝐴 + 𝑚𝑚𝐵𝐵�⃗�𝑣𝐵𝐵=𝑚𝑚𝐴𝐴�⃗�𝑣′𝐴𝐴 + 𝑚𝑚𝐵𝐵�⃗�𝑣′𝐵𝐵



• Total mechanical energy (KE + PE) 
may or may not be conserved

Conservation of Energy in Collisions

• In an inelastic collision, total mechanical 
energy is not conserved: some is lost

• In an elastic collision, total mechanical 
energy is conserved



• In a completely inelastic collision, the objects stick together after the 
collision, so there is one final velocity

Completely Inelastic Collision

• Some of the total mechanical energy is lost, and the energy lost is 
not destroyed but converted to heat or internal motion or vibration of 
the stuck-together system



Now onto more examples…
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