
Updated: November, 2004

Course: SPH 4U1

Unit: Mechanics

Lesson 4: Title: Impulse

Bellwork: A 1.5 kg box slides to a halt, slowing down for 0.5 seconds over a distance of 2 metres. Find the coefficient of friction. (We’ll go over this at the end of class or tomorrow – depending on time)

Preliminaries:

Lesson: Newton’s Second Law says:  
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. This can also be written as 
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. What is (p ?

The change in momentum. This equation can be rewritten in a more useful form: 
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When some object changes its path from here


to here … no matter how it got changed, the change in momentum is the same. 
So, for a particular collision, for a certain change 
in the motion of an object, we can think of (p as being constant.  
Actually, it IS constant:  pf – pi = (p = constant.  
This is not conservation of momentum, but is related.* see below
What then does F(t tell us? This quantity is useful enough to have its own name: IMPULSE: (
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) often with the symbol J . The units are N(s (newton seconds).

Newton’s 3rd law and momentum
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causing a change in B's
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time, object B exerts a
force equal in size and
opposite in direction on
object A, changing A's
momentum.





Note that the balls only undergo an acceleration for the duration of the collision ((t). This is why the conservation of momentum is more useful than F = ma for many problems. In collisions the acceleration often happens for such a short time that we can’t observe it. For objects with constant acceleration we use Newton’s Laws and/or the equations of motion.

Newton’s 3rd Law: FonB =  – FonA  Since (t is the same for both balls (in the collision), 
then (pA = -(pB   So the increase in momentum that one object has is  equal to the decrease in the momentum of the other object. THIS is the conservation of momentum. The total is always constant.

[You can work this out with a numeric example, you will show that the change in momentum is equal!]

Now the force in a collision is not constant. What do you think an F-t graph of a golf ball being hit would look like? (hopefully you will end up with a bell-shaped curve.)
The force starts off very small, then within milliseconds, becomes great enough to deform the ball. The ball starts to move and springs back to its original shape, pushing itself away from the club, and the force returns to zero.
So we will modify our impulse equation or definition to 
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 (just draw a line through the bell curve such that the areas above and below the line are equal.).

If a golf club exerts a force of 5.25 E3 N on a golf ball over a time interval of 5.45E-4 s, , what is the impulse of this interaction?

example: Giancoli p188 #15

Why is impulse important?

When a car crashes to a stop, you cannot change the (p (it is based on the mass and speed of the car). The impulse can’t be changed, but since it depends on both force and time, if you want a smaller force (and ( smaller acceleration – fewer injuries), you can increase (t. This is what they have done with car bodies – crumple zones. (see page 145 in McGraw-Hill book).

Homework: Use the concept of impulse to explain why bungee jumpers have special bungee cords, rather than just ordinary rope tied to their ankles when they jump.
Nelson p 237 #7-11

Do the performance task on p302 – options 1 or 2 (not 3).
Hand in a written report based on the criteria, analysis questions and evaluation questions. Fill out a website evaluation form for one website (c:\Teach\WebsiteAnalysisForm.doc). I don’t know how long the report should be to meet the “product” section on page 302. Probably about a page or two. Diagrams are ALWAYS good – if they are neat, relevant, and labeled. Don’t pad it with a lot of “BS” and repetition. Hand in before Christmas holidays. Make sure that one of your peers or elders has read it and signed it before you hand it in. (Why do you think I insist on this?)

Evaluation: 

Add this demo: 200 g mass on a thread – drop from 10 cm (with thread tied to something rigid).
Now replace half the thread with rubber bands. Repeat. (It shouldn’t break. – test it ahead of time to make sure that it works.

Connection: to bungee jumping – what would happen if the rope didn’t stretch? Either it would snap or your ankles would be ripped off.

Advanced demo: two threads with mass in between them
either pull slowly on the bottom thread or fast. Different thread breaks. Why? Is it impulse?
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