Chapter 8   Energy Lesson Plans

	8.0.	Beginning

		a.	Demo: Bowling Ball to String Pendulum - Hold to face and let go.  Get ___

				- if don’t trust conservation of energy



8.1	Work  103



a.	Video Tape: 8   Energy   (48 min)

	b.	Concept Development 8-1 Work and Energy

		c.	� EMBED Equation.2  ��� - give examples

			-	lifting bowling ball to shelf and back down

			-	carrying s suitcase

			-	pushing on table

		d.	Stress work done on  and  by  an object  -  by you and on you

		e.	Check Question: Work is done lifting a barbell. How much more work is done lifting a twice-as-heavy barbell the same distance? [Twice as much.] How much more work is done lifting a twice-as-heavy barbell twice as far? [Four times the work in lifting the first barbell.]

		f.	Compare work   � EMBED Equation.2  ���  to impulse  � EMBED Equation.2  ���

				Work = change in energy       Impulse = change in momentum

		g.	Describe speed and mass in terms of 2 concepts -- momentum and energy

	h.	Review Questions 119:  1,  2,  3,  4



8.2	Power  104



	a.	Lab Activity 22 Muscle Up! - Power	

			To determine the power that can be produced by various muscles of the human body.

	b.	Review Questions 119:  5



8.3	Mechanical Energy  105



	a.	Lab Activity 21 Making the Grade - Mechanical Energy	

			To investigate the force and the distance involved in moving an object up an incline.

	b.	Review Questions 119:  6



8.4  Potential Energy  106



		a.	Demo: attach spring balance to a pendulum bob - at equilibrium, pull sidewise, compare to force to lift

		b.	Check Question: keeping the spring balance always perpendicular to the string, predict what force will be if the string is pulled through 90 degrees and is horizontal? [The pull force will b equal and opposite to the force of gravity on the bob--its weight.]

		c.	Point out that the arc path to any elevation is longer than the vertical path. Hard to calculate as force changes. But can short circuit: weight x vertical height

		d.	Discuss elevated boulder in Figure 8.3.

		e.	Check Question: Does a car hoisted for lubrication in a service station have PE? [yes, any elevated body had PE with respect to any chosen reference level (usually the ‘ground level’)] How much work will raise the car twice as high? [Twice, and it will have twice as much PE]

	f.	Review Questions 119:  7



�8.5	Kinetic Energy  108



	a.	Next Time Question 8-1 Speed of Cannon Ball Shot From A Longer Cannon?

		b.	object has motion energy - KE = F x d

		c.	KE to molecules - heat and temperature, sound - vibratory motion of molecules, light - vibratory motion of electrons

		d.	Check Question: Does a car moving along a road have KE? [Yes, any moving object had KE (KE is a relative quantity, as speed. The cup of tea you hold in a high-flying jet liner has KE with respect to the ground, but no KE with respect to the saucer in which it sets.)]. If the speed of the car doubles, by how much does the KE increase? [by 4] If the speed triples? [by 9]

	e.	Review Questions 119:  8,  9



	8.6	Conservation of Energy  109



		a.	Demo: Swing a pendulum to and fro and cite the transformations from PE to KE (Use Inter. Physics 2.5) Acknowledge the role of friction in damping the pendulum motion (and the subsequent warming of the room!)  Get ___

		b.	Demo: Use gencon to light a light bulb  Get ___

		c.	Concept Development 8-2 Conservation of Energy

		d.	Concept Development 8-3 Momentum and Energy - Energy and Momentum

		e.	Question:  page 111.  Suppose a car with a miracle engine is ale to convert into work 100% of the energy released when gasoline burns (40 million joules per liter). If the air drag and overall frictional forces on the car traveling at highway speed is 500 N, what is the upper limit in distance per liter of gasoline the car could cover at highway speed? [80 km]

		f.	Experiment: Releasing Your Potential, or Conserving Your Energy

		g.	Review Questions 119:  10,  11,  12,  13

		 .	Lab Activity 23 Cut Short - Conservation of Energy			

				To illustrate the principle of conservation of energy with a pendulum

		 .	Lab Experiment 24 Conserving Your Energy - Conservation of Energy

				To measure the potential and kinetic energies of a pendulum in order to see whether energy is conserved.

		 .	Lab Experiment 26 Wrap Your Energy in a Bow - Energy and Work

				To determine the energy transferred into an archer’s bow as the string is pulled back.

		 .	Lab Experiment 27 On a Roll - Friction and Energy

				To investigate the relationship between the stopping distance and height from which a ball rolls down an incline.

		 .	Lab Experiment 28 Releasing Your Potential - Conservation of Energy

				To find quantitative relationships among height, speed, mass, kinetic energy, and potential energy.



�	8.7	Machines  111



		a.	Apply energy conservation to the lever,  Fig 8.9

		b.	Check Question: Archimedes, the most famous scientist in ancient Greece, stated that given a long-enough lever, he could move the world. What is meant by this”[In accord with the lever equation fD=Fd, a force as great as the weight of the world could be lifted with the force he could muster (providing there was a place for him to stand and a place for the fulcrum!)]

		c.	Transparency 13 and 14: Fig 8.9, 8.10, 8.11, and 8.12

		d.	Fig 8.11 - fD = Fd

		e.	Check Question: In which type of lever is work output greater than work input? [none! In no system can work output exceed work input! Be clear about the difference between work and force.

		f.	Show that a pulley is simply a lever in disguise - see Fig 8.12

		g.	Demo: Figure 8:12 Pulley System - Get Unique One with 16 mechanical advantage. Get ___

		h.	Check Question: In what pulley arrangement can work output exceed work input? [none]

		i.	Scam: people tell their ‘followers’ that if they can raise sufficient funds they can...

		j.	Review Questions 120:  14,  15,  16,  17

		 .	Lab Experiment 29 Slip-Stick - Coefficients of Friction			

				To investigate three types of friction and to measure the coefficient of friction for each type.



	8.8	Efficiency  114



		a.	Lab Experiment 25 How Hot Are Your Hot Wheels? - Efficiency

				To measure the efficiency of a toy car on an inclined track.

		b	treat lightly - share efficiency, actual and ideal mechanical advantage

		c	Check Question: What does it mean to say a machine is 30% efficient? [It means it will convert 30% of the energy input to useful work--70% of the energy input will be wasted.]

		d	Get____ energy information for different type of light bulbs

		e	Review Questions 120:  18,  19,  20



8.9	Energy for Life  117



		a.	interesting ??? do it ???





More Think and Solves



1.	Relative to the ground below, how many joules of PE does a 1000-N boulder have at the top of a 5-m ledge?  If it falls, with how much KE will it strike the ground?  What will be its speed of impact?  

		Answer: PE = weight x height = 1000 N x 5 m = 5000 Nm = 5000 J. By the conservation of energy, it will have the same 5000 J of KE at impact.  It will have a speed of 10 m/s upon impact, as any object will freely fall a distance of 5 m in its first second of fall (Chapter 2). and any object starting from rest will reach a speed of about 10m/s in its first second of fall (actually 9.8 m/s).  Or, from KE = PE, 112 mv2 = mgh, or v2 = 2gh, or � EMBED Equation.2  
�
�
�= 10 m/s.



2.	Use the conservation of energy to find an equation for the speed of a freely falling object that falls from rest at a height h. That is, equate the PE to KE and solve for velocity v.

		Answer:� EMBED Equation.2  
�
�
�.  The PE (mgh) of the object at the rest position will be converted to KE (I /2 mv2) after falling through a vertical distance h. From mgh = 112 mv2, we see after cancelling m and rearranging term, � EMBED Equation.2  
�
�
�.



3.	A pole vaulter wishes to clear a 4 meter bar.  How fast must he run? (Assume that all his kinetic energy is converted into gravitational potential energy.)

	Answer. From mgh = � EMBED Equation.2  
�
�
�KE , � EMBED Equation.2  
�
�
�= � EMBED Equation.2  
�
�
� = 8.9 m/s. Note the pole simply acts as a transforming agent from KE to PE.  Here we neglect the energy transformed to heating of the pole.



4.	Water drops about 50 m over the Niagara Falls.  If 8 million kg of water fall each second, what power is available at the bottom?

		Answer. 4000 MW � EMBED Equation.2  
�
�
� = � EMBED Equation.2  
�
�
�= (8,000,000 x 10 x 50)J/s = 4,000,000,000 W or 4000 MW.



5.	When a 1-kg projectile is fired at 10 m/s from a 10kg gun, the momentum of the projectile and recoiling gun is the same (but in opposite directions).  Show that the KE of the projectile is 10 times greater than the KE of the recoiling gun. 

		Answer. KE of projectile = 1/2 mv2 = 1/2 (1 kg) (10 m/s)2 = 50 J. The speed of the recoiling gun, by momentum conservation, must be 1 m/s.  So the KE of the recoiling gun = 1/2 mv2 = 1/2 (10 kg) (1 m/s) 2 = 5 J. Hence the KE of the projectile is 10 times the KE of the recoiling gun.



6.	In the hydraulic machine shown, it is observed that when the small piston is pushed down a distance of 10 cm, the large piston is raised 1 cm.  If the small piston is pushed down with a force of 200 N, how much force is the large piston exerting?.

		Answer. From the work input work output relationship: (Fd)input = (Fd)output (200 N x 10 cm) = (Fx1cm) F= 2000 N



7.	What is the scale reading for the right-hand rope that helps to support the 10-N weight?  To increase the weight's PE by 10 J, what vertical distance must the right-hand side of the rope be raised?

		Answers: The scale reads 5 N (Chapter 4 and 5 stuff).  To raise the weight 1 m requires the hand to rise 2 m. Then work input = work output.



8.	What is the theoretical mechanical advantage of a 5-m long inclined plane that is elevated with one end 1 m? What is the actual mechanical advantage if 100 N of effort are needed to push a block of ice that weighs 400 N up the plane?  What is the efficiency of the inclined plane?

		Answers: Theoretical mechanical advantage (Input distance) /(output distance) = 5 m / 1 m = 5. Actual mechanical advantage = (Output force) (input force) = 400 N /I 00 N = 4.  Efficiency = AMA/TMA = 4/5 = 0.8, or 80%.



9.	In the pulley system shown,

	a.	what force is necessary to raise the 10 kg weight with a constant speed? 

	b. 	If the object raises 4 cm, how far does the puller's hand move?

	c.	If the system is 40% efficient, what force is necessary to raise the 10 kg block at a constant velocity?

			Answers:	a. 	Note MA is 3, so the applied force is 1/3 the weight of the load; 1/3 mg= 33.3 N.

			b. 	Three times as far, 12 cm.

			c. 	40% efficient means applied force must be greater by I/ 0.4 or 2.5 (33.3) = 83.3 N.



10.	What is the efficiency of the body when a cyclist expends 1000 watts of power to deliver mechanical energy to the bicycle at the rate of 100 watts?  

		Answer. Efficiency = Power output/power input 100 W/ 1000 W = 0.10 or 10%.








