
Updated: Apr 2006

Course: sph 4u1

Unit: momentum

Lesson 3: Title: elastic collisions (special formulas)

Apparatus needed: Pasco metal ramp and two magnetic carts; basketball and tennis ball
Lesson:
see Nelson section 5.3 Giancoli section 7-4, 7-5

Energy, Mass and Momentum are always conserved. We do often have trouble using conservation of energy though. In the real world it looks like it is not always conserved. Why? because some is always converted (‘lost’) to heat. 

Type of Collisions:

1. Perfectly elastic collisions.

KEf  = KEi  (kinetic energy is conserved)
No energy gets transformed into heat, deformation etc. 
e.g. A dropped ball would bounce back to its original height.

2. inelastic / partially elastic collisions  KEf  < KEi
 
e.g. realistic collisions


Where does the extra energy go? Into heat

3. perfectly inelastic collisions
Kef < Kei   AND the two objects stick together


e.g. plasticine against wall.

Where does the extra energy go? Into heat, deformation

4. Can you have KEF > KEI ?  Yes. e.g. the exploding mushroom question. Where does the extra energy come from? Explosives or springs. This is NOT a normal equation.

e.g nuclear fission: slow neutron hits U-235, produces to chunks + 3 fast neutrons.
Examples of the above situations:  Assume that m1 = 3kg, v1 = 5m/s   m2 = 1kg v2 = ‑-2m/s
This means that the initial momentum is 13 kg m/s. We don't know what v1' and v2' are. They can be anything as long as the momenta add to 13 kg m/s

Initial KE = ½ m1v12 + ½ m2v22 = 39.5 J

1. Quite hard to figure out
2. Let's assume that v1' = 3 m/s  (it's slower, so there should be less KE)
 
…


v2' = 

final KE =

3. (easy)

4. Assume that v2' = 20 m/2
So, what about perfectly elastic collisions?

Consider two objects hitting each other head on with a perfectly elastic collision:


Ek1 + Ek2 = Ek1' + Ek2'



½ m1v12 + ½ m2v22 = ½ m1v1´ 2 + ½ m2v2´ 2


(1)


We also know that








(2) Note that this is ALWAYS true.
m1v1 + m2v2 = m1v1´ + m2v2´

These equations look quite similar. We normally know the initial conditions, so we only have two variables: v1' and v2'. The problem is that solving the equations for v1' and v2' is nasty.

We can add another constraint:  the second ball is stationary: v2 = 0;

By combining these equations we get the following equations:
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These equations only work under the following conditions:

1) kinetic energy is conserved

2) the collision is head on (1 dimensional)

3) v2 = 0  (the second object is stationary!)

Let’s look at limiting conditions:

If m1 = m2 ...

If m1 >> m2    

what do we have for v1' and v2' ?
v1' = v1


v2' = 2 v1


(example: a bowling ball hitting a small stationary rubber ball)

If m1 << m2 
v1' = – v1


v2' = 0


(example: a small rubber ball bouncing off of a stationary bus)

DEMONSTRATIONS:

· magnetic carts on track

tennis ball above basketball, both dropped together.

What do we do when the second object is not stationary?

( change to a stationary frame of reference.

Example: 

A 4.0 kg ball moving to the right at 5.0 m/s collides (in a head-on elastic collision) with a 2.0 kg ball which is moving at 4.0 m/s to the left. Find the velocities after the collision.

	True frame
	
	Stationary frame

	v1 =  +5.0 m/s
v2 = –4.0 m/s
	
+ 4.0 m/s
	v1 = +9.0 m/s
v2 = 0

	
	
	
<Now use special formulas. Show work separately>


	v1' = –1.0 m/s
v2' = +8.0 m/s
	– 4.0 m/s
	v1' = +3.0 m/s
v2' = +12.0 m/s


[These are the answers. ( ]
The first ball bounces back at 1.0 m/s (to the left) and the second ball bounces back at 8.0 m/s (to the right).

Cool discovery (by Alex Bodkin) :  the difference between the speeds seems to be constant. 
check: what is v2' – v1' ? sub in the equations and you get v2' – v1' = v1 ! Wow! (If v2 = 0)

Homework: Nelson has no good problems. .: Martindale: p359 #3a,b  #4a
Giancoli: p187 #3, 4,5
 (simple cons. of momentum) … all of the questions seem to be good.
Giancoli: p188 #21, 23, 26

Evaluation:  What do they need to know as a result of this lesson?
· what elastics and inelastic collisions are

· how to use the equations on an assignment (not on tests)

Addendum: Giancoli (p174) has another equation (7-7). Figure this out and add it into these notes.
· add in what % of KE is lost

***

A ball of unknown mass moving at 3m/s is hit head-on by a 500g ball moving at –8 m/s.  If the final speeds of the balls are –2 m/s and –1 m/s respectively, find the mass of the first ball.

How elastic is the collision? (How much kinetic energy is “lost”?)

m1v1 + m2v2 = m1v1’ + m2v2’

m1 (v1-v1’) = m2(v2’ – v2)

m1 (3- (-2) ) = 500 (-1 – (-8))

5m1 = 500 * 7

m1 = 700g


Eki = 19.15 J


Ekf = 1.65 J



fix by making final speeds faster.
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