6.1	Forces and Interactions  74

		a.	I push on wall -- only physics types realize that the wall is simultaneously pushing on me also.

		b.	One of the fundamental physical laws that completely escape the notice of most people, even though its staring them right in the face. 

		c.	We look without seeing.

		d.	What pushes me forward when I walk?

		e.	When you swim, what pushes you forward in the water?

		f.	What pushes a balloon forward as the air escapes?  Get ___Balloon

		g.	Check Questions

			1.	Suppose two bowling balls A and B are separated and connected by a stretched spring. Is A pulling on B, or is B pulling on A, or are both pulling on each other?  (pull on each other)

			2.	The earth and the moon are “connected” to each other by a gravitational force. Is the earth pulling on the moon, or is the moon pulling on the earth, or are both pulling on each other?  (pull on each other)

h.	Video Tape: 6   Newton's Third Law   (43 min)

	i.	Review Questions 83:  1,  2



6.2	Newton's Third Law  75

		a.	Examine Figure 6.5 (p76) - Object A exerts a force on object B. Object B exerts a force on object A.

			-	make transparency of Fig 6.5

		b.	Check Question: Identify the action and reaction pair of forces for the case of a bat interacting with a ball.

	c.	Lab Experiment 15  Riding with the Wind - Components of Force	

			To investigate the relationships between the components of the force that propels a sailboat.

	d.	Review Questions 83:  3,  4



6.3	Identifying Action and Reaction  75

	a.	Lab Activity 16 Balloon Rockets - Action and Reaction	(To investigate action-reaction relationships)

		b.	Identifying Action and Reaction

			1.	Interview 10 people - Question - Most people say the moon is attracted to the earth by gravity? Is the earth attracted to the moon? If so, which pulls harder?

			2.	Physicist would not say attracted but would say that there is an attractive force between the two..

			3.	There is a single gravitational interaction between the earth and the moon.

			4.	Discuss action and reaction pairs of forces when a bullet is fired by a gun.

			5.	Use: page 77:   Big F, small a, - small F, big a

			6.	Did you hear about the person who was found guilty of rational thinking in a totalitarian society and is about to be shot by a firing squad, and was given one last wish. Since a larger bullet would do more damage than a small bullet, his last wish is that the mass of the bullet be much more massive than the gun from which it is fired - and that his antagonist pull the trigger!

	c.	Concept Development 6-1 Newton’s Third Law

	d.	Next Time Question 6-6 What is Reaction Force of Apple on Table?

	e.	Next Time Question 6-4 Greatest Force - Tug of War?

	f.	Next Time Question 6-5 Tug of War on Ice - Both, then One Pulls?

	g.	Next Time Question 6-1 Reaction Force of a Ball Dropped From a Tower?

	h.	Next Time Question 6-2 Greater Impact Force of Truck Colliding With VW.?

	i.	Next Time Question 6-3 Weight on Either Side of Spring Scale.

	j.	Review Questions 83:  5



6.4	Action and Reaction on Different Masses 77

	b.	Review Questions 83:  6,  7,  8



6.5	Do Action and Reaction Forces Cancel?  78

		a.	Why Action and Reaction Forces Don’t Cancel

			1.	Examine Fig 6.10 page 79 - cannot cancel force on orange with force on apple

	b.	Review Questions 83:  9,  10,  11

		c.	Horse-Cart Problem

			1.	Discuss Overhead - Horse and Cart Problem

				- the action force of horse on cart does not cancel reaction force of cart on horse

			2.	Discuss Comic Strip  Horse Sense on page 81

			3.	Usually trouble if not clearly identify the system in question

				a.	Define system by drawing circle around it

				b.	Restrict to forces that originate outside circle that act on system

				c.	thus concentrate on forces ON the system and forces BY the system on other objects

			4.	Action and forces cancel if they are within the system being considered



6.6	The Horse-Cart Problem  80 

	a.	Lab Experiment 17 Tension - Action and Reaction   (To introduce the concept of tension in a string.)	

	b.	Lab Experiment 18 Tug-of-War - Action and Reaction			

			To investigate the tension in a string, the function of a simple pulley, and a simple “tug-of-war.”

		c.	Tug of War

			1.	Tug of war - one team pulls on their end with 1000 N and the other team pulls on their end with 1000 N. What is the tension in the rope?  2000 N?  1000 N?  0 N?

					Dismiss 0 by asking who would like to replace the rope?

			2.	In a tug of war is it the team that pulls the hardest on the rope?  no, the team that pushes hardest on the ground

			3.	To win, you can:

				-	maintain your stance until you opponent tires and lessens his push against the ground

				-	push harder against the ground than you opponent and maintain rope tension

				-	push harder against the ground than your opponent and increase rope tension.

			4.	Question: In a tug-of-war, if action is you pulling on the rope, is the reaction force the ground pushing back on you, or your opponent pulling back on the rope? No, it is the rope pulling back on you.

	d.	Review Questions 83:  12,  13,  14,  15



6.7	Action Equals Reaction  82

	a.	Review Questions 84:  16,  17,  18

		a.	Paper Punch

			1.	Demo: Punch falling sheet of paper - How hard can you hit it?

			2.	Moral: 	Whenever you interact with something, be if a friend, your family, or the world--the way you touch or push is the way you are touched or pushed.

�More Think-and-Explain Questions



1 . Your weight is the result of the gravitational force of the earth on your body.  What is the corresponding reaction force?

	Answer.  If action is the earth pulling on your body, reaction is your body pulling on the earth.



2.	Why can you exert greater force on the pedals of a bicycle if you pull up on the handlebars? 

 	Answer.  When you pull up on the handlebars, the handlebars push down on you with the same amount of force, which is transmitted to the pedals. [See the answer to T&E 5.]



3.	Consider the two forces acting on the person who stands still, namely, the downward pull of gravity and the upward support of the floor.  Are these forces equal and opposite?  Do they comprise an action- reaction pair?  Why or why not?

	Answer.  The forces are equal and opposite because they are the only forces acting on the person, who obviously is not accelerating.  They cancel to produce the zero net force that nonacceleration requires.  Note that they do not comprise an action-reaction pair, however, for they are not the parts of a single interaction.  There are two interactions in question here; the interaction between (1) person and earth, and (2) floor and the person.  Interaction (1) is the weight; earth pulls down on person (action) and person pulls up on earth (reaction).  Note action and reaction are co-parts of a single interaction that acts on different bodies.  Interaction (2) is upward support by floor on person (action) and downward push by person on floor (reaction).  Again, action and reaction act on different bodies in a single interaction.  But the equal and opposite forces cited in the question act on the same body.  They therefore do not constitute an action-reaction pair.  Action-reaction pairs follow the rule, A on B, B on A. In this case we have A on B, and C on A.



4.	You exert 200 N on your refrigerator and push it across the kitchen floor at constant velocity.  What friction force acts between the refrigerator and the floor?  Is the friction force equal and opposite to your 200 N push?  Does the friction force make up the reaction force to your push?

	Answer:	Constant velocity means zero acceleration which means zero net force.  Therefore the friction force must be equal and opposite to your 200-N push.  But it does not make up the reaction to your push.  The reaction to your push against the refrigerator is the refrigerator pushing back on you.  You and the frig make up one interaction, and the floor and the frig make up another.  Even though the magnitudes of all forces are the same, there are two interactions with two sets of action-reaction pairs of forces.



5.	Your teacher challenges you and your best friend to each pull on a pair of scales attached to the ends of a horizontal rope, in tug-of-war fashion, so that the readings on the scales will differ.  Why can you or can't you do this?

	Answer.  No way Jose!  Doing so would violate Newton's third law, for one end of the rope would be under greater tension than the other end.



6.	When you get up from a sitting position, do your feet push against the floor with a force equal to, more than, or less than your weight?

	Answer: More than your weight, because you accelerate upward and push against the floor to do SO.



7.	When a weightlifter jerks a barbell over her head, is the force exerted on the barbell more than, less than, or equal to the barbell's weight?  Explain. 

	Answer.  More than, because the barbell is accelerated upward.



8.	A balloon floats motionless in the air.  An occupant begins climbing up the supporting cable.  In which direction does the balloon move as the occupant climbs?

	Answer.  To climb upward means pulling the rope downward, which moves the balloon downward as the person climbs.



9.	Why cannot the heavyweight champion of the world punch a piece of tissue paper in midair with a 100-N force?

	Answer.  Because the tissue paper is not capable of " punching back" with 100 N! A 100-N interaction between a fist and tissue paper isn't possible.
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