
MOMENTUM 
IMPULSE 

- Collision  short-duration impact between two objects. 
 Every collision results in some amount of compression, even if too small/quick for the human 

eye to notice it. 
 
 
 
 
 
 

 The material the object is made of dictates collision time.  
 Typically 1 to 10 ms long 
 Harder objects = shorter impact times 
 More compression = greater impact force 

 
 
 
 
 
 
 
 
 
 
 

- Impulsive force  a large force exerted during a short period of time. 
 Examples: baseball and bat, fist and face, hammer and nail, etc. 
 Take the soccer example above: A stronger force or a force of longer duration will result in a 

larger velocity on the kicked object. 
 A harder force would result in a taller F v. t curve, a longer impact time would result in a 

wider F v. t graph. Either one results in a larger area under the curve. 
 The effect of an impulsive force is proportional to the area under the force versus time 

curve. 
 Called IMPULSE (J) of the force. 

 
 

- The force is an average force exerted on the object. 
 Units: N·s, but kg·m/s are preferable and 

equivalent 
 
 



- Impulse is a vector quantity. +/- depends on direction of the average force 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
IMPULSE-MOMENTUM THEOREM 
- Momentum the product of an object’s mass and velocity 

 
 
 
 
 
 



- Experience teaches us that kicking a medicine ball will result  
in lower velocity than kicking a soccer ball with the same 
amount of force. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
- Impulse-momentum theorem an impulse delivered to an object causes its momentum to change. 

 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 

CONSERVATION OF MOMENTUM 
- Law of Conservation of Momentum the momentum of a system remains constant. There is no change 

in the total momentum of a system. 

 
 This holds true for isolated systems. 
 Isolated system no net external forces acting on the objects. 
 All forces are internal to the system. 

 
 
 
 
 
 
 
 
 
 
 
EXPLOSIONS 

- Explosion   when the particles/objects move apart after a brief, intense interaction.  
- Opposite of a collision. 
- The explosive forces (ex: expanding spring or expanding gases) are internal forces. 
- If the system is isolated, its total momentum will be conserved. 

 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



INELASTIC COLLISIONS 
- Elastic collisions  when the objects bounce off of each other. Ex: a ball bouncing off a wall. 
- Perfectly inelastic collisions  a collision in which two objects stick together and move with a common 

final velocity. Ex: a bullet embedding itself in a piece of wood. 
 
 
 
 
 
 
 
 
 
 
COLLISIONS IN TWO DIMENSIONS 

- Most collisions in real life occur in more than one dimension. 
- Momentum is conserved if each component of momentum 

is conserved. 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
ENERGY IN COLLISIONS 

- Kinetic energy is not perfectly conserved in inelastic collisions. 
 Some is transformed into thermal energy (i.e., HEAT). 

 
 
 
 
 
 
 
 
 
 
 

- If kinetic energy is perfectly conserved, it’s called a perfectly elastic collision. 
 Ex: tennis ball hits a racket, K is stored as elastic potential energy, then converted back into K 

without any heat loss. 
 Most collisions fall somewhere between perfectly elastic and perfectly inelastic. 


