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SPH4U: Energy and Momentum 

Momentum and Impulse 

When Newton composed his 3 laws of motion, he defined a physical quantity which he called “persistence of 

motion”. This quantity we now refer to as momentum. Since momentum wants to continue its motion, it is best 

represented as a vector. Therefore, in physics, momentum is given the symbol  𝑝 and has units of  
𝑘𝑔∙𝑚

𝑠
.  An 

objects momentum also depends on its mass and its velocity, i.e.  

𝑝 = 𝑚�⃗� 

When developing his laws, Newton did not present his second law as we now define it. He proposed that for an 

object to accelerate, it must change its momentum. 

�⃗�𝑛𝑒𝑡 = 𝑚�⃗� 

= 𝑚 (
𝑣2⃗⃗⃗⃗⃗ − 𝑣1⃗⃗⃗⃗⃗

Δ𝑡
) 

=
𝑚𝑣2⃗⃗⃗⃗⃗ − 𝑚𝑣1⃗⃗⃗⃗⃗

Δ𝑡
 

=
𝑝2⃗⃗⃗⃗⃗ − 𝑝1⃗⃗⃗⃗⃗

Δ𝑡
 

=
Δ𝑝

Δ𝑡
 

Re-arranging this equation we get:  

Δ𝑝 = �⃗�𝑛𝑒𝑡 ∙ Δ𝑡 

It is important to realize that since force and momentum are both vectors:  

𝑝𝑥 = ∑�⃗�𝑥 ∙ Δ𝑡  and  𝑝𝑦 = ∑�⃗�𝑦 ∙ Δ𝑡 

The change in momentum is an important quantity during collisions and is known simply as impulse (𝐽). Impulse 

is given in units of 𝑁 ∙ 𝑠.  

𝐽 = Δ𝑝 = �⃗�𝑛𝑒𝑡 ∙ Δ𝑡 

Determining impulse is rather simple if the force (𝐹) is constant, just like it is easy to determine the distance an 

object travels when velocity is constant. However, in most collisions the force is not constant, just like velocities 

are not always constant. In non-constant velocity situations, we determine the displacement of the object by 

determining the area under the velocity vs. time curve. For non-constant force situations, we can apply a similar 

approach and determine the impulse by determining the area under the net force versus time curve.  

Practice Problem: The graph below describes the force applied to a 142 𝑔 

baseball as a function of time. If the ball hits the bat, travelling at 42
𝑚

𝑠
[𝑁], 

what velocity does it leave the bat with?  

 




