
 Lecture Notes 
(Impulse & Momentum) 

 

Intro: 
 
-  earlier in the year, we introduced Galileo's Principle of Inertia 
 and we talked how Newton used this idea to formulate his 
 first law of motion 
 
-  Newton discussed inertia in terms of objects both at rest and in 
 motion; today we will discuss the concept of inertia in 
 motion only 
 
-  when you are dealing with both momentum and motion you are 
 talking about momentum 
 
-  momentum is inertia in motion; specifically, it is the product of 
 mass and velocity 
 

Momentum = mass × velocity 
p = mv 

 
-  the unit of momentum is kg·m/s 
 
-  it is intuitive to say that an aircraft carrier is harder to stop than a 
 plastic toy boat moving at the same speed; the carrier has 
 more momentum than the toy boat 
 
-  by looking at the definition of momentum you can see that a 
 moving object can have a large momentum either by having a 
 large mass or a large velocity or both 
 
-  the aircraft carrier has more momentum traveling at the same 
 speed as the toy boat by virtue of its larger mass 
 
-  the toy boat could have as much or even more momentum as the 
 aircraft carrier, but its velocity would have to be extremely 
 fast 



Impulse: 
 
-  a change in momentum can occur if there is a change in mass, a 
 change in velocity, or both 
 
-  if the momentum of an object changes while the mass remains 
 unchanged, which is usually the case, then it is due to a 
 change in velocity 
 
-  changes in velocity are due to accelerations; accelerations are 
 due to net forces acting on objects 
 
-  the greater the net force on an object, the greater the 
 acceleration, the greater the velocity change, the greater the 
 change in momentum 
 
-  there is another important factor in changing momentum; time 
 
-  apply a force to a crate on the ground for a brief amount of time 
 and you get a small change in momentum; if you apply that 
 same force for a longer amount of time, then you get a larger 
 change in momentum 
 
-  a long sustained force will produce a greater change in 
 momentum than the same force applied briefly 
 
-  in terms of momentum, both the amount of force and the amount 
 of time during which the force act are important; the product 
 of these two terms is called the impulse 
 

Impulse = force × time interval 
Impulse = FΔt 

 
-  whenever you exert a force on an object you also exert an 
 impulse 
 



-  the resulting acceleration depends on the force; the resulting 
 change in momentum depends on the force and the time in 
 which the force acts 
 
Impulse-Momentum Equation: 
 
-  the relationship of impulse and momentum is derived from 
 Newton's 2nd law of motion; F = ma; then time interval of 
 impulse is hidden in the acceleration variable (Δv/Δt) 
 
-  if you rearrange Newton's 2nd law you get: 
 

Force × time interval = change in mass × velocity (momentum) 

FΔt = mΔv 
 
Increasing Momentum: 
 
-  if you want to increase the momentum of something as much as 
 possible, you not only apply the greatest force possible, you 
 also apply that force for as long as possible 
 
-  for example, long range cannons have long barrels; the longer 
 the barrel the greater the velocity of the shell 
 
-  this occurs because the longer barrel allows more time for the 
 force of the exploding gunpowder to act on the shell 
 (increasing Δt) 
 
-  the force that is exerted on most objects varies over time; for 
 example, in the cannon the gunpowder applies a greater force 
 initially and the begins to lessen as the shell goes down the 
 barrel 
 
-  so, in order to simplify things, we will use the average force 
 acting on an object 
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