Physics 30
   Lesson 1
 

Momentum, Impulse and Change in Momentum 

I. Momentum

Refer to Pearson pages 446 to 449 for a discussion about momentum.

A very useful physical concept is momentum.  The momentum (

) of an object is defined as the product of its mass and velocity.  Recall that velocity is a vector quantity that involves both a speed and a direction.  Thus, momentum is a vector quantity.
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momentum 

There is no single unit for momentum like there is for force or energy.  The unit is a combination of the mass unit and velocity unit.  Some examples are kg·m/s, kg·km/h,   g·m/s, etc.
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What is the momentum of a 1500 kg car travelling west at 5.0 m/s?
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= 7.5 x 103 kg m/s west
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A bullet with a mass of 5.0 g has a momentum of 5.5 kg m/s east.  What is the velocity of the bullet?
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 = 1.1 x 103 m/s east
II. Newton’s Laws Revisited

Refer to Pearson pages 450 to 453.

In Physics 20 we learned about Newton’s three laws of motion in terms of forces and accelerations.  However, when Newton actually formulated his laws of motion, he used the language of changes in momentum.
Newton’s First Law of Motion
In Physics 20 we learned that if the net force on an object is zero, the object maintained a constant velocity or remained at rest.  In terms of momentum, Newton’s First Law of Motion may be stated as:  The momentum of an object remains constant unless the object is acted on by an external net force.



 = constant

Newton’s Second Law of Motion
In Physics 20 we learned that a net force results in an acceleration according to the equation
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This is Newton’s Second Law of Motion.  Let us reformulate the equation into its momentum form:

Therefore, Newton’s Second Law of Motion may be stated as:  An external net force acting on an object results in a change in the momentum of the object.

III. Impulse

Refer to Pearson pages 454 to 467 for a discussion about impulse and change in momentum.

Whenever there is an impact or collision between objects, the combination of the force (

) involved and the duration that the force acts (t) determines the change in momentum of an object.  Beginning with Newton’s 2nd Law we can derive a useful equation
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The product 

t is called the impulse and 

 is the change in momentum (
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).  Because they are equal, one can calculate the impulse if one knows either the force and time or the mass and change in velocity.

To clarify what is meant by impulse, think about a person falling backwards on to a bed as opposed to falling backwards onto the floor.  The act of falling creates the same amount of momentum in both situations, and the act of stopping generates the same change in momentum.  However, the time it takes to stop for the two situations is quite different.  The bed cushions the fall and slows the person down over a greater period of time than the person who is stopped suddenly by the floor.  The shorter the stopping time, the greater the force.  The impulse or change in momentum is the same for both situations, but the force generated is quite different.
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An average force of 17.0 N acts on an object for 0.025 s.  What is the change in momentum?
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 =  0.425 N s  or  0.425 kg m/s
In the following example, we will look at the momentum changes on each object in a collision and on the system as a whole.
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A 5.00 kg puck slides to the right at 10.0 m/s on a frictionless surface and collides with a stationary 8.00 kg puck.  The 5.00 kg puck rebounds with a velocity of –2.5000 m/s while the 8.00 kg puck has a final velocity of +7.8125 m/s..

A.
What is the change in momentum of the 5.00 kg puck?
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  =  5.00 kg (–2.5 m/s – (+10.0 m/s))
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B.
What is the change in momentum of the 8.00 kg puck?
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  =  8.00 kg (7.8125 m/s - 0)
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C.
Show that the total change in momentum is zero.
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  =  –62.5 kg m/s  +  (+62.5 kg m/s)
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D.
If the interaction lasted for 3.0 ms, what average force was involved on the 8.00 kg mass?
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 =  +20833 N  (phew!!)

IV. Analysis of Interactions Involving Impulse

Refer to Pearson pages 459 to 462 for a discussion about impulse and force-time graphs.

In the real world, the change in momentum of an object is rarely due to a force that does not change over time.  For example, consider a golf ball bouncing off of a floor.  When the ball strikes the floor the force builds up over time and reaches a maximum when the ball is at its greatest compression.  As the ball rebounds from the floor, the force decreases to zero over time.  However, the impulse may be found by calculating the area under the force–time graph.
Example – Golf ball bouncing off floor

t = 0.000 s
t = 0.001 s
t = 0.002 s
t = 0.003 s
t=0.004 s

A force-time diagram showing the impulse acting on the ball will look something like the following:


Force-Time Graph for Golf Ball
Force-Time for Constant Force


  (for comparison)

V. Practice problems

1.
A 2.50 kg object is initially moving north at 5.00 m/s.  If it is brought to a stop in 0.75 s:

A.
What is the impulse? 

B.
What is the force required?

2.
A 75 kg person falls from a height of 2.0 m.  If the person lands on a bed, what is the change in momentum?  What is the impulse?  If the stopping time was 0.75 s what average force did the bed apply on the person? 

VI. Hand-in Assignment

1.
Explain, in your own words, the difference between momentum and inertia.

2.
What is the momentum of a 6.0 kg bowling ball with a velocity of 2.2 m/s [S]? (13.2 kg·m/s [S])
3.
The momentum of a 75 g bullet is 9.00 kg•m/s [N]. What is the velocity of the bullet? (120 m/s [N])
4.
A hockey puck has a momentum of 3.8 kg•m/s [E]. If its speed is 24 m/s what is the mass of the puck? (1.6 x 10-2 kg)
5.
A jet flies west at 190 m/s.
(a)
What is the momentum of the jet if its total mass is 2250 kg? 
(4.28 x105 kg·m/s [W])
(b)
What would be the momentum of the jet if the mass was 4 times its original value and the speed increased to 6 times its original value? 
(1.03 x107 kg·m/s [W])
6.
What quantities are used to calculate impulse?  State the units of impulse.

7.
Using the concept of impulse, explain how a karate expert can break a board.
8.
From the graph to the right, what is the magnitude of the impulse provided to a 48 g tennis ball that is served due south?  What is the velocity of the ball when the racquet and ball separate? (2.25 N·s [S], 47 m/s [S])
9.
Whiplash occurs when a car is rear-ended and either there is no headrest or the headrest is not properly adjusted. The torso of the motorist is accelerated by the seat, but the head is jerked forward only by the neck, causing injury to the joints and soft tissue. What is the average net force on a motorist's neck if the torso is accelerated from 0 to 14.0 m/s [W] in 0.135 s?  Assume that the force acting on the head (m = 5.40 kg) is the same magnitude as the force on the torso. (5.60 x102 N [W])
10.
Using the principles of impulse and change in momentum, explain how the use of seat belts and headrests save lives and prevent injuries.  

11.
Two men pushing a stalled car generate a net force of +840 N for 5.0 s.  What is the final momentum of the car? (+4.2 x 103 kg m/s)

12.
A woman drives a golf ball off the tee to a speed of 28 m/s.  The mass of the ball is 45 g and the time of contact was 6.0 ms.  

A.
What is the change in momentum of the ball? (+1.3 kg m/s)

B.
What is the impulse? (+1.3 N(s)

C.
What was the average force exerted by the club on the ball? (+210 N)

D.
If the angle of flight was initially 20o from the horizontal, how far would the ball go before it landed? (51 m)

13.
A child hits a ball with a force of 150 N.  If the ball and bat are in contact for 0.12 s, what impulse does the ball receive?  What is its change in momentum?  If the mass of the ball is 750 g and the ball was initially moving toward the boy at 12.8 m/s, what is its final velocity?  (+18 N(s, +18 kg m/s,+11.2 m/s)

14.
A 300 g ball is struck by a bat with an impact that lasts 0.020 s.  If the ball moves through the air towards the bat at 50 m/s and leaves at 100 m/s in the opposite direction, calculate the average force exerted by the bat on the ball? (–2.3 x 103 N)

15.
An 8.0 g bullet travelling at 400 m/s goes through a stationary block of wood in 4.0 x 10-4 s, emerging at 100 m/s.

A.
What average force did the wood exert on the bullet? (–6.0 x 103 N)

B.
How thick is the wood? (1.0 x 10-1 m)

16.
A stream of water strikes a stationary turbine blade (see drawing).  The incident water stream has a velocity of +18.0 m/s and the exiting stream has a velocity of –18.0 m/s.  The water strikes the blade at a rate of 25.0 kg/s.  Find the net force acting on the water and on the blade. (–900 N,+900 N)






















area = Ft


	area = impulse















































Recall that � EMBED Equation.2  ��� means “the change in velocity” 


� EMBED Equation.2  ���








� EMBED Equation.DSMT4  ���





Area equals the impulse
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