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Basic Information:

Complete the following with “increases”, “decreases”, or “doesn’t affect”:

· All other things being equal, increasing the speed  of a moving object_____________ the momentum.
· All other things being equal, increasing the time a net force is applied _____________ the change in momentum.

· All other things being equal, increasing the magnitude of the net force_____________ the change in momentum.
· Increasing the time a net force is applied, for a given change in momentum, _____________ the net force.  

· Use “greater than”, “less than”, or “equal to”:  A raw egg (Egg A) is thrown with a velocity of 10 m/s at a sheet as an identical egg (Egg B) is thrown with the same velocity at a wall.  Both eggs come to rest.  The change in momentum for A is _____________ that of B.  The net force on A is ______________ that of B during the collision.  The time of impact for A is ______________ that of B.

Complete the following:
· The change in momentum caused by an unbalanced force is equal to the magnitude of the force times _______.
· The momentum of a system will be conserved, so long as there are no external, ___________ forces acting on the system.   This statement is the law of ____________________________________.  
· In an elastic collision, _______________ is conserved.

Equations:

Identify each of the variables in the following equations:  

	p = mv
	j = (F (t
	(p = (F (t
	pinitial = pfinal
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A 60-kg skater pushes on a 30-kg skater with a net force of 10-N for 0.75 seconds.  Assume that friction is negligible, and that the skaters were initially at rest:
(a) What is the impulse applied to the 30-kg skater?

(b) What is the change in momentum for the 30-kg skater? Of the 60-kg skater?
(c) What is the velocity of the 30-kg skater after the push? 
(d) What is the velocity of the 60-kg skater after the push?

2. A 0.4-kg soccer ball moves east toward a player with a velocity of 18 m/s.  The player kicks the ball and causes it to move north with a velocity of 22 m/s.  

(a) What is the initial momentum of the ball?  

(b) What is the final momentum of the ball?  

(c) What change in momentum of the ball?  

(d) If the player’s foot was in contact with the ball for 0.2 seconds, what average force did the player exert on the ball?


3. The graph to the right shows the magnitude of a net horizontal force as it varies with time.  The force acts on a 5.0 kg penguin, which has a velocity of +2.00 m/s at t = 0.0 seconds.

(a) What is the initial momentum of the penguin?

(b) What is the impulse exerted on the penguin during the 5 seconds shown?

(c) What is the final momentum of the penguin?

(d) What is the final speed of the penguin?


4. A 0.25 kg missile travels with a velocity v = 415 m/s toward a 25.0 kg crate at rest on a frictionless surface.   The missile strikes the crate, and becomes embedded in the crate, so that the system slides together.  (a) What is the velocity of the missile/crate system AFTER the collision? (b) Calculate the kinetic energy of the system before and after the collision.  How much kinetic energy was lost in the collision?
5. A car (mass = 500 kg) moving east at 18 m/s collides with a truck (mass = 700 kg) moving 20 m/s north.  The two vehicles stick together in the collision.

(a) What is the initial momentum (including direction) of the car? 

(b) What is the initial momentum (including direction) of the truck? 

(c) What is the total initial momentum (including direction) of the car and truck? 

(d) What is the total momentum of the car-truck system after the collision? 

(e) What is the velocity of the car-truck mass after collision?

6. Two objects of masses Ml = 2.00 kilograms and M2 = 1.00 kilograms are free to slide on a horizontal frictionless surface. M1 travels with a velocity of 5.00 m/s at an angle of 53.13( north of east when it strikes a stationary M2.  M2 then travels with a velocity of 5.80 m/s at an angle 23.6( north of east.   
	Objects
	Before Collision
	After Collision

	
	Px 
	Py 
	Px 
	Py 

	M1 = 2 kg 
	
	
	
	

	M2 = 1 kg
	
	
	
	

	Total
	
	
	
	


(a) Calculate the x and y components (px and py, respectively) of the momentum of M1.  

(b) What is the total momentum of M1 after the collision?

(c) What is the speed of M1 after the collision?
(d) What are the values for:

i. KE of M1 before the collision

ii. KE of M2 before the collision

iii. KE of M1 after the collision

iv. KE of M2 after the collision

(e) Was the collision elastic?  What evidence supports your answer?
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