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Instructional Progression: 
In the 6th grade students explained how energy can be transformed from one form to another (including the two types of mechanical energy, potential and kinetic, as well as chemical and electrical energy) in accordance with the law of conservation of energy (6-5.2).

In Physical Science the students will expand their concepts of kinetic and potential energy by explaining the transformations between the two and the factors involved.
Taxonomy level of indicator:
2.7-B Understand Conceptual Knowledge
Key Concepts:

Potential energy

Gravitational potential energy

Kinetic energy
Content Overview:
It is essential for the student to understand that

· Transformations of potential and kinetic mechanical energy.

Mechanical energy is energy due to the position of an object or the movement of an object.

Mechanical energy can be potential or kinetic or the sum of the two.

· That potential energy is energy that is stored because of the arrangement of the system. Factors that affect gravitational potential energy are height and weight (mass times acceleration due to gravity, or Fw=mg).

Gravitational potential energy is greater when the height of an object is greater.

Gravitational potential energy is greater when the weight of the object is greater.

Gravitational potential energy of an object at some height is equal to the work required to lift the object to that height. Work is equal to force times distance (PS-6.3, 4); W = Fd.

· That kinetic energy is energy of motion. Factors that affect kinetic energy are mass and speed.

Kinetic energy is greater when the speed of an object is greater.

Kinetic energy is greater when the mass of a moving object is greater.

· Transformations can occur between gravitational potential energy and kinetic energy.

Examples might include:

Example 1

Lifting an object and dropping it


An object is on the ground. It has zero potential energy with respect to the ground.

It is lifted to some height. It now has potential energy equal to the work it took to lift it to that height. Its potential energy depends on its weight and height above the ground.

When the object is dropped, it is attracted by gravity and begins to speed up. Some of the energy turns to kinetic.

On the way down some of the energy is kinetic and some is potential, but the total remains the same.

Just before the object hits the ground most of the energy has turned to kinetic. It loses its potential energy because its height has gone to zero.

When the object hits the ground some of the energy turns to sound and some turns to heat because it speeds up molecules when it hits the ground.
Example 2

A swinging pendulum

When a mass on a pendulum swings, it has mechanical energy. At the top of the swing all of its mechanical energy is potential energy that depends on its height and weight of the pendulum mass.

The kinetic energy is greatest at the bottom of the swing because the speed of the mass is greatest. Potential energy is zero at the bottom of the swing because the height of the mass is zero.

Between the top of the swing and the bottom of the swing the mass has both potential and kinetic energy because it has both height and movement (velocity).

Eventually the pendulum will stop. It stops because of friction.

The friction transforms the energy that was originally mechanical energy in the swinging pendulum into heat.
Teaching Lesson A:

Transferring Energy
Introduction to the lesson:
Energy is one of the fundamental building blocks of our universe.  Energy appears in many forms (such as motion and heat), and can travel in different ways (such as light, sound and electricity). The workings of the universe can be viewed from the perspective of energy flowing from one place to another and changing back and forth from one form to another. 

Energy is measured in joules, the same unit as work. This is because energy is really stored work. Any object with energy has the ability to use its energy to do work, which means creating a force that acts through a distance.

In this activity we shall explore potential and kinetic energy and discover how energy is conserved.  Potential energy comes from the position of an object relative to the Earth. Consider a book that is lifted off the table. Since the Earth’s gravity pulls the book down, we must apply a force to lift the book up. As we move the book through a distance, we are doing work, which gets stored in the book as potential energy. This kind of energy comes from the presence of gravity.

To calculate the potential energy of a object we use the equation:

Potential energy =  mass   x acceleration    x  height





          of gravity



  PE  =           m              g               h 



(joules)  (kilograms) (9.8 m/s2) (meters)

Objects that have potential energy don’t use their energy until they move. The word potential means that something is capable of becoming active. Any object that can move to a lower place has the potential to do work on the way down.

Objects also store energy when they are in motion. A moving object can clearly exert a force. For example, you can feel the force if you are hit by a moving ball! The energy of motion is called kinetic energy. To find out how much energy a moving mass has, we have to know how much mass it has (to move a greater mass we have to apply a greater force) and we have to know how fast it is moving (the more speed it has, the more work you had to do to get the object to move faster).  


Kinetic energy  =     1/2   mass   x    speed 2

KE          =    1/2     

 m      x         v 2

(joules)                       (kilograms)        meter/second ) 2
The equation tells us that if you go twice as fast, your energy increases four times, 

(2) 2 = 4. More energy means more force needed to stop, that’s why driving fast is so dangerous.

Nature never creates or destroys energy. It only gets converted from one form into another. For example, if an object has potential energy because of its position, and it begins to move to a lower position, for example, ball rolling down a hill, it will have no kinetic energy until it begins moving. As the object moves, it loses potential energy and gains kinetic energy, until it stops moving. The amount of potential energy it loses will be the same amount of kinetic energy it gains.

Lesson time:

1 day
Materials Needed:

Board, about 6 ft. long
Fulcrum

2 solid heavy objects equal in mass, about 5 kg each

Stool
Essential Question:
What factors determine potential and kinetic energy and the transformation from one form to another?
Procedure:

The following system is at equilibrium and the balls are at rest. The reference plane is the floor (we'll ignore that your classroom may be on a higher floor of the building).

What is the sum of the potential and kinetic energies? __________________

Part A
[image: image3.png]



The ball on the left is lifted up and placed on the stool, which is 1.0 meter tall.

We have done _________________ on the ball and have (added, left the same, subtracted) energy within the system.

The energy is referred to as ___________ ___________ ____________.
How much potential energy does the ball now have? _______________________

Can you make a mathematical statement about the energy transfer?

____________ = ___________________

Part B
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Now, the ball on the left is halfway (0.5m) down to the floor.

Does the ball on the left have velocity? ______________________

Does the ball on the left have kinetic energy____________________

Does the ball on the left have potential energy? _____________________

Ignoring air resistance, what is the sum total of the energies in the system? _______________________________________________________

Calculate the gravitational potential energy _______________________________________________________

The remainder of the energy would be equal to ____________ joules and is called ____________ ___________.

Part C
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Now the ball has just made contact with the board, which is 0.25 m from the floor.

Ignoring air resistance, what is the sum total of the energies in the system? ________

Calculate the gravitational potential energy. ______________________________________

The remainder of the energy would be equal to____________ joules and is called ____________ ___________.

Between Parts B and C energy is being transferred to the ball on the right. But first, let us analyze the ball on the left side.

Does the ball on the left have velocity? _____________

Does the ball on the left have kinetic energy? _______________

Does the ball on the left have potential energy? _______________

Ignoring air resistance and loss of energy to sound, what is the sum total of the energies in the system? _________________________

Where did it go? ______________________________________________ ____________________________________________________________

Now let us analyze the ball on the right.

Does the ball on the right have velocity? ________________

Does the ball on the right have kinetic energy? _______________

Does the ball on the right have potential energy? ________________

Calculate the gravitational potential energy. ____________________________________________________________The remainder of the energy would be equal to ____________ joules and is called ________________________________________.
Part D
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Between Parts C and D energy is being transferred within the system to the ball on the right.

First we analyze the ball on the left.

Does the ball on the left have velocity? ____________________

Does the ball on the left have kinetic energy? __________________

Does the ball on the left have potential energy? __________________

Ignoring air resistance and loss of energy to sound, what is the sum total of the energies in the system? ____________________

Where did it go? __________________________________________ ________________________________________________________

Now let us analyze the ball on the right.

Does the ball on the right have velocity? _______________

Does the ball on the right have kinetic energy? _______________

Does the ball on the right have potential energy? _________________

Calculate the gravitational potential energy. ________________________________________________________

The remainder of the energy would be equal to ____________ joules 
and is called ____________   _________________

What will the ball on the right do next? __________________________ ________________________________________________________________
Part E
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Again, assuming no loss of energy to air resistance or sound… 

Does the ball on the right have velocity? ________________

Does the ball on the right have kinetic energy? ________________

Does the ball on the right have potential energy? _______________

Calculate the height at the peak of the vertical path. ________________________________________________________________________
Assessing the Lesson:
Formative Assessment 

See procedural questions and extension questions.
Answers to Transferring Energy

What is the sum of the potential and kinetic energies? zero
Part A

We have done work on the ball and have (added, left the same, subtracted) energy within the system.

The energy is referred to as gravitational potential energy.

How much potential energy does the ball now have?  (4 kg)(9.8 m/s2)1.0m) = 39.2 joules
Can you make a mathematical statement about the energy transfer? To calculate work in stored PE Work  use the following equation:

Fd = mgh

Part B
Now the ball on the left is halfway (0.5m) down to the floor.

Does the left ball have a velocity? yes
Does the ball on the left have kinetic energy? yes
Does the ball have potential energy? yes
Ignoring air resistance, what is the sum total of the energies in the system?

39.2 joules
Calculate the gravitational potential energy. PE = mgh = (4 kg)(9.8 m/s2 )(0.5 m) = 19.6 j

The remainder of the energy would be 19.6  joules and is kinetic energy.

Ignoring air resistance, the sum total of energies in the system is 39.2 joules.

Part C

Now the ball has just made contact with the board which is 0.25 m from the floor.

Ignoring air resistance, what is the sum total of the energies in the system?

 39.2 joules
Calculate the gravitational potential energy. (4 kg)(9.8 m/s2 )(0.25 m) = 9.8j

The remainder of the energy would be 29.4 joules and is kinetic energy.

Between Parts B and C energy is being transferred to the ball on the right. But first, let us analyze the ball on the left side.

Does the ball on left have velocity? no

Does the ball on left have kinetic energy? no

Does the ball on the left have potential energy? no
Ignoring air resistance and loss of energy to sound, what is the sum total of the energies in the system? 39.2 joules
Where did it go? The energy was transferred to right hand ball (the ball on the left  did work on the board which did work on the ball on the right converting its energy into kinetic energy)
Now let us analyze the ball on the right.

Does the ball on right have velocity? yes
Does the ball on the right have kinetic energy? yes
Does the ball on the right have potential energy? yes
Calculate the gravitational potential energy. (4 kg)(9.8 m/s2 )(0.25 m) = 9.8joules

The remainder of the energy would be 29.4 joules and is kinetic energy.

Part D

Between Parts C and D energy is being transferred within the system to the ball on the right.

What will the ball on the right do next? Continue to move upward, gradually reaching a peak, then fall back down.

First we analyze the ball on the left.

Does the ball on the the left have velocity? no

Does the ball on the left have kinetic energy? no

Does the ball on left have potential energy? no

Ignoring air resistance and loss of energy to sound, what is the sum total of the energies in the system? 39.2 joules
Part  E

Again, assuming no loss of energy to air resistance or sound,… 

Does the ball on the right have velocity? no
Does the ball on right have kinetic energy? no
Does the ball on right have potential energy? yes
Calculate the height of the peak of its vertical path. PE = mgh
h= PE/mg = 39.2joules/4kg/9.8 m/s2  = 1 meter
Extension Questions:

1.
How was the energy transferred  from the ball on the left to the ball on the right? Left side ball did work on the board which did work on the right side ball converting the energy into kinetic energy
2.
Would it be possible for the ball on right to go higher than one meter? no
Why or why not? Conservation of energy (No more than 39.2 joules are available.)
3.
The system will eventually come to a stop. What is the final sum of kinetic and potential energy in the system?  Zero J 

4.
Explain what happened to the energy originally put into the system by the work done on the ball on left. The energy was transferred into sound energy (noise) and heat energy (friction of ball via air resistance and contact with board. 

Assessment 1
Summative Assessment
EOC Type Questions

1.
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The location on the track where the train has the greatest potential energy is


A.
1

B
2


C. 
3


D.
4
2.


                          [image: image2.emf]
Which type of energy change is occurring in the pictures above?


A. mechanical energy to chemical energy



B. chemical energy to heat energy


C. potential energy to kinetic energy



D. solar energy to nuclear energy


3. Refer to the pendulum above. At which point(s) does a pendulum have zero gravitational potential energy and maximum kinetic energy? 


A. points 1, 3, 5




B. points 2, 4




C. points 1, 2, 3, 4, 5


D. point 3




E. points 1, 5
4. Which of the following situations violates the law of conservation of energy?


A. A ball dropped from the top of a building increases in speed until it hits



the ground.


B. A block sliding freely on level ice increases in speed until it hits a wall.


C. A child playing on a swing moves fastest at the bottom of the swing’s 


path.


D. The height a ball bounces decreases with each bounce.
5. An example of kinetic energy continuously being changed to potential 
energy and back again might be —


A. a girl swinging on a swing _


B. a train moving down a track


C. electric charges moving in a straight path


D  a plate sitting on the edge of a table

Answers
1.
A

2.
C

3.
D
4.
B

5.
A

SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Physical Science

	Recommended  Days of Instruction:  1
	(one day equals 90 min)

	Standard(s) addressed:  PS–6 The student will demonstrate an understanding of the nature, conservation, and transformation of energy.

	

	Energy Transformations

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS–6.2
Explain the factors that determine potential and kinetic energy and the transformation

of one to the other.

	SC Science Standards Support Guide https://www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?

Adopted Physical Science Textbook (see appendix for correlations)

North Carolina State University                              

http://www.physics.ncsu.edu/pira/demosite.html
Energy tutorial

http://www.physicsclassroom.com/Class/energy/energyoc.html 

Energy Transformation on a Roller Coaster

 (a computer animation)  http://www.glenbrook.k12.il.us/gbssci/phys/mmedia/energy/ce.html
Module 6-2 Lesson B

Energy of a Pendulum
	Module 6-2 
Lesson A

Transferring Energy






	Assessment  1
EOC type questions

The objective of this indicator is to explain factors that determine kinetic and potential energy and the transformation from one to another, therefore, the primary focus of assessment should be to construct a cause and effect model of how changes in height affect potential energy and changes in velocity affect kinetic energy and how these types of energy can transform one to the other. Assessments should require that students understand the relationships of height and weight on potential energy and speed and mass to changes in 


	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	http://www.google.com/search?hl=en&q=Energy+of+a+Pendulum
ETV Streamline SC Video Basics Of Physics: Exploring Energy

This program starts with an exploration of potential and kinetic energy and moves to a discussion of the main forms of energy.

Examples of Energy 1:08

Seven Forms of Energy 5:05



Elements of Physics: Energy, Work and Power: Energy:: What Is It?

Energy as Work 1:18

The Scientific Definition of Work 1:14

How Energy is Used 3:56
	
	kinetic energy.

In addition to explain, assessments may require that students

Compare kinetic and gravitational potential energy;

Infer effects of changes in height and speed with gravitational potential energy and kinetic energy;

Exemplify kinetic and gravitational potential energy and transformations between them;

Summarize major points about kinetic and gravitational potential energy and transformations between them;

Classify kinetic and gravitational potential energy.


Standard:	The student will demonstrate an understanding of the nature, conservation, and transformation of energy.








Indicator:	Explain the factors that determine potential and kinetic energy and the transformation of one to the other.





Other Indicators Addressed: PS-1.1, 1.5, 6.1








