	7.1	Momentum  86



a.	Video Tape: 7   Momentum   (50 min)

		b.	Object in motion has ‘inertia’. Anything else? 

		c.	momentum is moving mass, is inertia in motion

		d.	CHECK QUESTION: 

			After stating that a Mack truck has more mass than a roller skate, ask if the Mack truck will always have more momentum than the roller skate? 

					[No, if a Mack truck is at rest it has no momentum.  If a roller skate moves, it has momentum, and therefore more momentum than a Mack truck at rest.] 

				Then ask if a Mack truck and a roller skate could have the same non zero momentum?  How? 

					[A Mack truck moving very slowly and a roller skate moving very fast could have the same momentum.  When this occurs, the product of mass x speed for both will be equal.]

		e.	How far from shore does an oil tanker shuts off its engines to allow water resistance to stop the tanker?

				[25 kilometers]

		f.	Review Questions 100:  1,  2



	7.2	Impulse Changes Momentum  87

		a.	� EMBED Equation.2  ���

		b.	Examples:

			a.	when momentum is increasing: hit golf ball, sling shot, long cannon, ______________

			b.	when momentum is decreasing with small force: catch ball, dive into water, not bottom

			c.	when momentum is decreasing with large force: karate

		c.	Boxing - one follows through,   karate - hit and bounce (get double the impulse)

		d.	CHECK QUESTION: Why is falling on a wooden floor in a roller rink less dangerous than falling on the concrete pavement? 

				Superficial answer: Because the wooden floor has more "give." Emphasize that this is the beginning of a fuller answer-one that is prompted if the question is reworded as follows:] 

			why is falling on a floor with more give less dangerous than falling on a floor with less give? 

			[Answer: Because the floor with more give allows a greater time for the impulse that reduces the momentum of fall to zero.  A greater time for A momentum means less force.]

		e.	Demo: Egg into Sheet

		f.	Transparency: Figure 7-3 and 7-4

		g.	loose coupling - clanking of cars when take off - engine only enough friction to start one car

		h.	hand taught to bounce back to get almost twice the impulse

		i.	Review Questions 100:  3,  4,  5,  6,  7,  8,  9,  10



7.3	Bouncing  91



		a.	Demo: Bouncing Darts??? or

		b.	Demo: Dart Hitting box, first sticking and then bouncing off

	c.	Review Questions 100:  11,  12,  13



�7.4	Conservation of Momentum  92



	a.	Lab Experiment 20 Tailgated by a Dart - Momentum Conservation

			To estimate the speed of an object by applying conservation of momentum to an inelastic collision.

	b.	Concept Develop 7.1 Momentum

	c.	Next Time Question 7.1 Resultant Speed When Clown Catches Ball While At Rest?

		d.	Discuss internal versus external forces

		e.	Transparency - Magnet on Cart

		f.	Transparency - Falling Rain

		g.	Only external force produces a change in momentum

		h .	Falling Person towards earth - Force on person so there is a change in momentum (velocity)

	i.	Consider falling person and earth - momentum of earth “racing up” to meet the falling man has same magnitude of momentum but whose direction is opposite: ‘one is negative of other’ 	

	j.	Review Questions 101:  14,  15



7.5	Collisions  94



	a.	Lab Activity 19 Go Cart - Two Body Collisions	

			To investigate the momentum imparted during elastic and inelastic collisions.

		b.	Elastic

		c.	Inelastic

		d.	Demo: Air Track with gliders - get train (balance on two gliders)

		e.	Transparency: Figure 7-9 and 7-10

		f.	Discuss equations on page 95 if students interested

		g.	Must keep track of directions

	h.	Review Questions 101:  16,  17



7.6	Momentum Vectors  98



		a.	Transparency: Figure 7-12, 7-13, 7-14

	b.	Review Questions 101:  18



�More Think and Explain Questions



1.	A fully-dressed person is at rest in the middle of a pond on perfectly smooth ice and must get to shore.  How can this be accomplished?

		Answer:	An article of clothing can be thrown in a direction opposite to the direction the person wishes to slide.  The momentum given to the clothing will be offset by an equal and opposite momentum of the person.  Another technique is to blow air like a jet. (When breathing in again, be careful to tilt the head downward or upward so that sliding is not slowed by inhaling!).



2.	Your friend says that momentum conservation is violated when a ball rolls down a hill and gains speed.  What do you say?

		Answer. The ball gains momentum because of the impulse that the force of gravity provides.  It is in the absence of an external force that momentum doesn't change.  If the whole earth and the ball are taken together as a system, then the gravitational interaction between the ball and the earth is internal and no external force acts.  The momentum of the ball is accompanied by an equal and opposite momentum of the earth that results in no net change in momentum.



3.	If a huge truck and a motorcycle have a head on collision, which vehicle will experience the greater force of impact?  The greater impulse?  The greater change in momentum?  The greater acceleration, and hence the greater damage?

		Answer.  The magnitude of force, impulse, and change in momentum will be the same for each.  The motorcycle undergoes the greater deceleration because its mass is less.  The motorcyclist is in more trouble than the truck driver: "Its not the fall that hurts you; its the sudden stop!" [Note that the value of this question is in understanding the meanings of the terms force, impulse, momentum, and acceleration.]



4.	A 1000-kg car moving at 20 m/s slams into a stone wall and comes to a halt.  Here are two questions to consider:	(a) What impulse acts on the car? (b) What is the force of impact on the car?  Which of these questions has a direct answer, and which cannot be directly answered?  Explain.

		Answer.  Question (a) has a direct answer, namely 20,000 Ns (because impulse = change in momentum).  Question (b) cannot be answered without the time of impulse, in which case the average force could be calculated. (In the next chapter we will see that having the distance traveled during impact would also allow solution of average force.) 



5. 	A lunar vehicle on earth moves a 10 km/h.  When it travels as fast on the moon, is its momentum more, less, or the same?

		Answer.  Its momentum is the same (its weight might change, but not its mass).



6.	Why the extra thickness of floor mats used by gymnasts?

		Answer.  The extra thickness extends the time during which momentum changes and reduces impact force.



7.	Bronco dives from a high flying plane and finds his momentum increasing.  Does this violate the conservation of momentum?  Explain.

		Answer.  If we consider Bronco to be the system, then a net force acts and momentum changes.  In the system of Bronco, momentum is not conserved.  If, however we consider the system to be Bronco and the world, then each has equal and opposite momentum, which cancels to zero.  In this larger system, momentum is conserved.  Momentum is conserved only in systems not subject to external forces.



More Think and Solves



1.	A car of mass 1100 kg moves at 24 m/s.  What braking force is needed to bring the car to a halt in 20 s?

		Answer.  From Ft =� EMBED Equation.2  ���, F= � EMBED Equation.2  ���/ t = [1100 kg x 24 m/s] /20 s = 1320 N. (Here the change in momentum is simply the momentum 1100 x 24 kg m/s the car has before braking.)



2.	What average force is exerted on a 25 gram egg by a bedsheet if the egg hits the sheet at 4 m/s and takes 0.2 seconds to stop? (Remember to work in kilograms!)

		Answer.  To begin with, 25 gram = 0.025 kg.  Then from Ft = � EMBED Equation.2  ���, F= � EMBED Equation.2  ���/ t = 0.025 x 4/0.2 = 0.5 N.



3.	A 100-kg quarter back is traveling 5 m/s and is stopped by a tackler in 1 s. Calculate (a) the initial momentum of the quarter back, (b) the impulse imparted by the tackler, and (c) the average force exerted by the tackler.

		Answers:  (a) mv = (100 kg) (5 m/s) = 500 kg m/s.  (b)  Impulse Ft=� EMBED Equation.2  ��� so impulse = 500 Ns. (c) F = � EMBED Equation.2  ���/t= 500 Ns/1s = 500 N.



4.	A 40 kg football player going through the air at 4 m/s tackles a 60 kg player who is heading toward him at 3 m/s, in the air.  What is the speed and direction of the tangled mess?

		Answer:  Before they make an inelastic collision the combined momentum is -20 units.  Likewise after, with 100 kg v = -20. v = 1/5 m/s in the direction of the 60 kg player's initial motion.



5.	A jet engine gets its thrust by taking in air, heating and compressing it, and then ejecting it at a high speed.  If a particular engine takes in 20 kg of air per second at 100 m/s, and ejects it at 500 m/s, calculate the thrust of the engine?  

		Answer.  Thrust (applied force) = 8000 N. From Ft = � EMBED Equation.2  ���, F= � EMBED Equation.2  ���/ t = [(20 kg x 500 m/s - 20 kg x 100 m/s)] /1 s = [20 kg (500 - 100) m/s]/1 s = [20 kg (400 m/s)] / 1 s = 8000 N.



6.	A 40 kg projectile leaves a 2000 kg launcher with a speed of 400 m/s.  What is the recoil speed of the launcher?

		Answer.  The launcher will have to have a recoil momentum that is equal and opposite to that of the projectile.  The momentum of the projectile is 40 kg x 400 m/s = 16000 kg m/s.  For the launcher, 2000 kg x v = 16000 kg m/s, where v 16000/2000 = 8 m/s.



7.	A car of mass 700 kg travels at 20 m/s and collides with a stationary truck of mass 1400 kg.  The two vehicles interlock as a result of the collision and slide along the icy road.  What is the velocity of the car-truck system?

		Answer:  Momentum before is all in the car; 700 kg x 20 m/s = 14000 kg m/s.  Momentum after is the same, but consists of the mass of both vehicles, .2100 kg.  So 2100 kg x v = 14000 kg m/s, where v 14000/2100 = 6.6 m/s.



8.	A 1-kg dart moving horizontally at 10 m/s makes impact and sticks to a wood block of mass 9 kg, which slides across a friction-free level surface (similar to the lab experiment, Go Cart).  What is the speed of the wood and dart after collision?  

		Answer., 1 m/s. 1 kg x 10 m/s + 0 = (9 + 1) kg x V; where V= 10/10 = 1 m/s.



9.	A 10,000-kg vehicle moving at 10 m/s collides with a 2000-kg car moving at 30 m/s in the opposite direction.  If they stick together after impact, how fast and in what direction will they be moving?

		Answer. 3.33 m/s in the same direction as the 10,000-kg vehicle.  Momentum before collision (10,000 kg x 10 m/s) + (2000 kg x [-30 m/s]) = 100,000 kg m/s - 60,000 kg m/s = 40,000 kg m/s in the direction of the more massive vehicle.  This is also the momentum after collision, which = (10,000 + 2000) kg m/s x v, the combined mass moving at velocity V. Solving we find, V= 40,000 12,000 = 3.33 m/s.



10.	In a fireworks display a 3-kg body moving at 4 km/h due North explodes into 3 equal pieces: A, at 4 km/h East; B, at 5 km/h 370 South of West; and C, at 15 km/h due North.  After the explosion, what is the total momentum of all the pieces?  

		Answer: The same as before explosion, 3 x 4 = 12 units of momentum!  If you wish to do this the long way, the momentum of piece A is canceled by the east-west component of B, which is also 4 units (note that B makes a 3-4-5 right triangle, and the east-west 4 side opposes A).  This leaves a 3 unit-due-South component of momentum for B, which opposes the 15 units due North of A. So the total momentum is 15 - 3 = 12 units due North, exactly the momentum the system had to begin with! (Here's a case where knowing the concepts saves a lot of work.)
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