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ENERGY
INTRODUCTION

WORKSHOP LEADER TOPIC INFORMATION

INTRODUCTION TO ENERGY

This unit is divided into four subtopics:

1. 
What is Energy?

2. 
Kinetic and Potential Energy.

3. 
There are Many Forms of Energy.

4. 
Conservation of Energy.

The first subtopic examines the meaning of the term “energy,” noting that energy is not a “thing” but rather a property that objects can have. It begins with the idea that energy can make something move. The difference between force and energy is discussed, work is defined and a more complete definition of energy as, “the ability to do work” is developed. These concepts are reinforced by examining the energy input and output of the human body.

Subtopic two deals with potential energy and kinetic energy. Through a variety of activities the factors that affect these kinds of energy are discovered, and for the upper levels the equations of gravitational potential energy and kinetic energy are introduced.

The third subtopic covers some of the many forms of energy. In both demonstrations and lab activities, the students are given many opportunities to reinforce the notion that energy is the ability to do work, that energy can be measured, and that one form of energy can be transformed into another form of energy.

The last subtopic explores the concept of energy conservation. Through activities, demonstrations, and discussion, the participants examine the idea that although energy can be transformed, the total amount of energy remains the same. The concept of why we could run out of energy even though it is conserved is also addressed. This is followed by a discussion of mass‑energy conservation, which is intended as an enrichment topic that can be presented with varying degrees of depth.

While the scope of this book is limited to the “physics” of energy (which is often not discussed in many other popular materials), it is recognized that the topic has many environmental, economic and social implications. The amount and the forms of energy that we use are now seen to have a direct relationship to how we live our lives. The bibliography contains a sample of some of the many resources that address these issues. Teachers are encouraged to use an interdisciplinary approach to this topic to help their students reach an understanding of the relationship between energy and society.

WORKSHOP LEADER’S PLANNING GUIDE

WHAT IS ENERGY?  Section 1

Idea A, “Energy can make things move” is a first look at the concept of energy. By investigating toys many questions are raised, such as the difference between energy and force. This introductory activity is also an excellent opportunity for the presenter to determine the students’ initial level of understanding of the concept of energy.

Energy is defined in idea B, “Energy is the ability to do work.” In this section some activities measuring work will be performed and the units of measure for work and energy are discussed. The metric units used are consistent with current elementary science programs. Activity 1B4 “Energy and the Human Body” reinforces these concepts and demonstrates the relevancy of energy in everyday life.

The only prerequisite for this topic is an understanding of the metric units of force and distance. If the participants have already completed the workshop on “SIMPLE MACHINES,” then the presenter may wish to omit activities 1B2 and 1B3 or use them in the form of a review.

Naive

1.
The terms “energy” and “force” are interchangeable.

2.
From the non‑scientific point of view, “work” is synonymous with “labor.” It is hard to convince someone that more “work” is probably being done playing football for one hour than studying an hour for a quiz.
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MATERIALS LIST FOR ENERGY

The following list indicates the equipment needed for each group.


Activity
Equipment


1A1
Various types of toys that move such as:



wind up toys (cars, trucks, etc.)



battery operated toys (cars, trucks, etc.)



air powered toys (balloons, rockets, etc.)



gravity operated toys” (balls, yo‑yo, etc.)

1B2
bricks



board



meter stick



spring scale (Newtons)



roller skate



string

1B3
meter stick



flight of stairs

1B4
chart “Calories Burned Per Hour”


chart “Calorie Content in Common Foods”


log sheets

2A1F
hammer



block of wood



nails



elastic band



wind‑up toy



2 identical magnets

2A2
aluminum pie plate (disposable type)



2 film cans (one filled with sand)



meter stick



spring scale (0‑5N)



2 30 cm pieces of string

2A4
empty thread spool



Q‑tips or wooden matches



elastic band



paper clip



scotch tape



button


2B2
2 identical “hot wheels” type cars



3 meter sticks



30 cm ruler (or a stick about this long)



modeling clay



balance



2 juice boxes (or small milk cartons) each about half filled with sand and



adjusted to have equal mass
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3A1D
bimetallic strip, or palm glass, or pin wheel



radiometer



tin can, balloon, and small mirror, or matched tuning forks



wind‑up toys



electric fan, or battery operated toy



baking soda, vinegar, test tube, and balloon or 35 mm film can, “alka​



seltzer” and water



Geiger counter


3A2
chewing gum wrapper (foil/paper combination)



scissors



low wattage bulb and socket


3A3
soda bottle



small balloon



piece of string



vinegar



baking soda



graduated cylinder



balance

3B1
various types of common devices (toys, household items, etc.) that can be



used to illustrate energy chains



paper or notebooks

3B3
2 small radio speakers



Two 30 cm lengths of stranded wire with alligator clips



galvanometer



flashlight battery (1.5 v, any size)



5 meters of #18 lamp cord with alligator clips on each end

3C1
rubber ball



hammer, block of wood, nails



electric drill and drill bit



liquid crystal thermometer


3C2
2 styrofoam, cups



strong tape



thermometer



fine, dry sand

3C3
elastic bands



nails



hammer



copper cap for 3/4” copper tubing



modeling clay



hand drill



block of wood



pieces of coat hangers



superball



thermometers
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4A1
string



small weight (approx. 1N)



pencil



metric ruler

4A2D
string



2 small balls or 250‑500 gram masses


4A3
2 hand powered generators (Genecons)



2 sets of clip leads for the generators



1 miniature light bulb (7.5 volt)



bulb holder



2 “D” cell batteries



masking tape


4B1
2 miniature light bulbs (1.5 volts) and bulb holders



1 new “AAA” cell battery and holder



1 new “D” cell battery and holder



4 hook‑up wires (approx 20 cm)



clock or watch
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REFERENCES AND RESOURCES

Anderson, F. J. and Freier, G. D., A Demonstration Handbook for Physics, Stony Brook, N. Y.: American Association of Physics Teachers. Second Edition, 1981.

This publication has a wealth of simple demonstrations  from all areas of physics and many that relate to the topic of energy.

Enterprise for Education. Energy 80’s, Santa Monica, CA; Enterprise for Education.

Check with your local utility company for this excellent collection of books loaded with ideas and demonstrations in energy education. If the set is not available in your area, write to Enterprise of Education, 1320A Santa Monica Mall, Suite 205, Santa Monica, CA 90401.

Hewitt, Paul. Conceptual Physics, Boston, Mass.: Little, Brown and Company, 5th Edition, 1985.

The chapter on energy and the section on heat are good background reading for the workshop presenters. Note in particular, the home projects and exercises for these sections.

Liem, Tik L., Invitations to Science Inquiry. Lexington, Mass.: Ginn Press.

This book should be in the library of all general science teachers. Many activities and demonstrations are applicable to the topic of energy.

Oak Ridge Associated Universities. Science Activities in Energy Oak Ridge Associated Universities, assisted by Lawrence Hall of Science.

This is a series of pamphlets available through your local utility company. Illustrated cartoon style, each sheet of activities can be copied and supplied to the students. Highly recommended.

Wilson, Mitchell and the editors of Life, En=, New York: Time, Inc., 1963.

Part of the Life Science Library, this is an excellent resource for the historical development of energy concepts. Very nicely illustrated and good background reading.

In addition to the references listed above, all of the many elementary‑junior high science series produced by various publishers contain projects, activities and demonstrations that the presenter might want to look over to expand the offerings of the workshop.
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INTRODUCTION TO ENERGY  -  2
THERE ARE TWO TYPES OF ENERGY   Session 2

Using several activities, the participants will get some “hands on” experiences illustrating examples of potential and kinetic energy. For the upper level grades (6‑8), the equations for gravitational potential energy and kinetic energy will be discussed. The only prerequisite for this subtopic is an understanding of the metric units of force, mass, and distance.

Naive Ideas

1. 
An object at rest has no energy.

2. 
The only type of potential energy is gravitational.

3. 
Gravitational potential energy depends only on the height of an object.

4. 
Doubling the speed of a moving object doubles the kinetic energy.

THERE ARE MANY FORMS OF ENERGY   Section 3

This subtopic is easy to present, and the workshop leader will have little difficulty eliciting the names of the various forms of energy from the teacher’s personal experiences. As each form is identified, it is shown to be a source of energy by its ability to do work (subtopic 1, idea B). Several more demonstrations and activities are performed to show that energy can be changed into heat. The ideas presented in subtopics 1 & 2 are the prerequisites for this subtopic.

Naive Ideas

1. 
Things “use up” energy. 

2. 
Energy is confined to some particular origin, such as what we get from food or what the electric company sells.

CONSERVATION OF ENERGY   Section 4

In subtopic 3 it was demonstrated that energy may be transformed. This subtopic illustrates the concept of conservation of energy. Conservation of energy means the total amount of energy before a transformation is equal to the total amount of energy after a transformation. Because we live in a world of friction, energy often transforms to heat which can be hard to measure accurately. Ibis makes it very difficult to quantitatively prove that the amount of energy after a transformation is indeed the same.

Although the conservation of energy is difficult to quantitatively prove, idea A illustrates this concept in a qualitative way. Idea B addresses why we are running out of energy even though it is conserved. Idea C deals with the special situation in which energy can be converted into matter, and matter into energy. The meaning of E=mc2 is discussed, and the energy released when hydrogen is converted to helium is calculated. This calculation is relatively complex and intended as optional background.

The ideas presented in subtopics 1, 2, and 3 are prerequisites for this subtopic.

Naive Ideas

1. 
Energy is truly lost in many energy transformations. 

2. 
There is no relationship between matter and energy. 

3. 
If energy is conserved, why are we running out of it?
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WHAT MAKES IT MOVE?

Materials:
Various types of toys that move such as:



wind‑up toys (cars, trucks, etc.)



battery operated toys (cars, trucks, etc.)



air powered toys (balloons, rockets, etc.)



'gravity operated” toys (balls, yo‑yo, etc.)

1. 
Operate (play with!) the toys at your lab station. Observe what they do. Describe what they have in common.


_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________
2. 
List each toy and describe what makes it move.


_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________
3. 
What would you call what makes all of these toys move?


_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________
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WHAT MAKES IT MOVE?

IDEA:

PROCESS SKILLS:


Energy is the ability to do work.

Observing


If an object begins moving, then

Communicating


work is being done on that object.

LEVEL: LIU

DURATION: 20‑25 min.

STUDENT BACKGROUND:
While this first activity does not require any background, it is an excellent



opportunity to DETERMINE the backgrounds of the students. Their responses



to the questions will indicate their level of understanding of what energy is



and may also identify many misconceptions about energy
.


ADVANCE PREPARA71ON:
Collect an assortment of toys that move. This can be done by asking



students to bring in toys, asking friends with children to donate discarded



toys, etc. If a toy requires operating instructions, these can be written on



cards that can be placed on the tables with the toys. For example, an



instruction to “Inflate the balloon (without tying a knot) and release it,”


would be helpful to show it as a toy that moves.

MANAGEMENT TIPS:
The most important elements of this activity are allowing the students to



observe and, using the summary discussion, help them formalize what they



have observed. It is doubtful that many groups will just come up with the



answers suggested below. A more typical answer to, “What makes it



move?” for the case of the wind up toy would be “The spring.” Follow‑tip



questions by the instructor should lead them to what is in a spring that



makes it move. The discussion should offer the opportunity to address the



naive idea that the terms “energy” and “force” are interchangeable.


RESPONSES TO


SOME QUESTIONS:
1. 
They all move.


2. 
Chemical energy, elastic potential energy, etc.


3. 
Energy

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION: 
1.
Energy is the ability to do work. If an object begins moving, then work is being done on that object. A more complete definition of work is given in section 1b


2. 
Energy is not a thing, but rather a property that an object can have.


3. The terms “energy” and “force” are not interchangeable.

POSSIBLE EXTENSIONS:
Continue this discussion by observing anything that moves. Discussion 
can be stimulated by showing pictures of people running, moving cars, 
sailboats, etc.

ENERGY
1B2

HOW IS WORK MEASURED?

[image: image1.png]


Materials:
bricks



board



meter stick



spring scale (that reads in Newtons)



roller skate



string

1.
Using books or extra bricks, make a ramp with the board as shown in the illustration above.

2.
Measure the force necessary to pull a single brick up the ramp at constant speed.


______________ Newtons

3.
Measure the distance along the board where the back wheels move as the skate is pulled from the bottom to the top of the ramp.


______________ meters

4.
Calculate the work done in pulling the brick up the ramp.

WORK = FORCE x DISTANCE

____________  joules  =  ______________  Newtons  x   ______________  meters

5. Measure the force needed to lift the brick and skate vertically.


______________ Newtons

6.
Measure the vertical distance the back wheels of the skate moved as it went to the top of the ramp.


______________meters

7.
Predict how the work done in lifting the brick and skate compare to the work done in pulling it up the ramp to the same height.


_____________________________________________________________________________________________

_____________________________________________________________________________________________
8. 
Calculate the work done in lifting the brick and skate the same distance vertically as it was previously raised by pulling it up the ramp.

____________  joules  =  ______________  Newtons  x   ______________  meters

9.
Compare the work done in lifting the brick and skate vertically to the work done in pulling it to the same height up the ramp.


Work done lifting the brick and skate  =  ______________  joules


Work done pulling the brick and skate up the ramp  =  ______________  joules
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HOW IS WORK MEASURED?

IDEA:


PROCESS SKILLS:

Energy is the ability to do work.


Predict





Compare
LEVEL: L/U


DURATION: 30‑45 min.
STUDENT BACKGROUND:
Students should be familiar with the metric system, 
and that the Newton is the unit of force.
ADVANCE PREPARATION:
If this is to be a small group activity, you might ask several days before the


scheduled class for the students to bring in old roller skates and bricks.


Other toys that have relatively low friction wheels can be substituted for the


roller skates, and other heavy objects can be used instead of bricks. The idea


is to keep the object to be pulled within the range of the spring scale. (When


measuring the total weight of the skate and brick, each can be weighed


separately and then add the two values added. Tie a string around the brick to


attach it to the spring scale.) An alternative to using boxes is to use plastic


film cans filled with sand (as used in 2A2). These can be placed inside the


track that the cars run in and the distances they move can be measured with the


meter sticks.
MANAGEMENT TIPS:
Use caution handling bricks. This is not intended to be an exercise in how the


inclined plane is a simple machine, but rather an activity to illustrate how


work and energy are measured. The meter sticks should be placed just a little


farther apart then the width of the cars to ensure that the cars travel in a


straight line.

RESPONSES TO

SOME QUESTIONS:
4. 
(Work) joules = (Force) Newtons x (distance) meters.

7.

It will probably not be obvious, but they should be the same. Discuss



this with the class, pointing out that in reality, pulling the skate and



brick up the ramp may require more work due to friction. See the book



“SIMPLE MACHINES” for more detail.

8.

(Work) joules = (force) Newtons x (vertical distance) meters.
POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
Only the force in the direction of the distance moved is used in calculating 

work.

2. 
The work done is numerically equal to the energy expended.

ENERGY
1
B1F

FOCUS ON PHYSICS DEFINING ENERGY 
(Discussion)

1. Discussion: “Defining Energy,”

Energy is a word like art, love or patriotism. You can think of lots of examples, but it is very difficult to come up with a precise definition. We can get a handle on the problem, however, by defining it in terms of something that can be measured, work. Energy is the ability to do work. (This is an example of an operational definition).


The word work means different things to different people. When used in its scientific sense, it is defined as the product of an applied force on an object and the distance the object moves in the direction of the force, that is:

Work = Force  x  Distance moved in the direction of the force, or: W  =  F d


Since forces can be measured with a spring scale and distances measured with a ruler, it is a simple matter to calculate the work that takes place in many situations. The activity that occurs when work takes place is the result of the energy that is transferred from one body to another in the process. The work done is numerically equal to the energy transferred.

2. Discussion: “Work and Energy Units,”

Most upper elementary science programs use the metric system of measurement for their examples and problems. Forces are measured in Newtons and distances are measured in meters. The unit for work, then, is the newton-meter   (F x d). The same unit can also be used for measuring energy.


Scientists decided to honor one of the early investigators of the concept of energy - Sir James Prescott Joule (1818-1889) by giving the Newton-meter a nickname, the joule.

1 Newton-meter   =   1 joule


Work and energy, then, can be expressed in Newton-meters, or joules. Some other common units of work and energy are: 


kilowatt-hour (kwh) = 3,600,000 joules, used often to measure electrical energy

. 
calorie (cal) = 4.186 joules 


kilocalorie (kcal) = 1000 calories = 4,186 joules.

The Calorie used to measure the energy in foods should be written with a capital “C” to indicate that it is really a kilocalorie or 1000 calories. Thus a 1 Calorie diet soft drink is 1 kcal (1000 calories) and a 500 Calorie dessert is 500 kcal (500,000 calories).


An interesting activity is to have a student who travels overseas bring back a “Diet Coke” can from the country they visit. In France, they say 1 kilocalorie, and in Australia, they say “Low Joule Cola.”
ENERGY
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ENERGY AND THE HUMAN BODY

Materials:
chart, “Calories Burned Per Hour”

chart, “Calorie Content in Common Foods”

log sheets

Energy is used in the human body to do work internally as well as externally. Internally, energy is used for all of the many processes that keep us alive such as respiration, circulation, digestion, etc. Externally, energy is what allows us to do work on our body as a whole such as in climbing up stairs, or to do work on other objects such as when throwing a baseball. The body gets its energy from food (chemical energy see 1B1F IF). Ile purpose of this activity is to become acquainted with energy and its units by attempting to measure energy that is put into your body in a day and comparing it to what is used. This activity simplifies some of the calculations that must be made to regulate your body's food intake for health regulations and is not intended for use as a nutrition guide. For more complete information consult a Registered Dietician.

1.
Using the log sheets supplied, keep track of everything you eat in a 24 hour period. Beside each type of food list the number of Calories it contained by referring to the chart “Calorie content in common foods.”
2.
On the same log sheets record each and every activity you do and note for how long you do it. Beside each activity list the amount of calories used up in the activity by referring to the chart “Calories burned per hour”. If the activity you did is not listed, pick the calories burned from an activity that you think requires about the same amount of energy. (Note: The numbers on this chart include both the external energy to do the activity and the internal energy to keep a person alive.)

3.
What was the total number of Calories you took in during this period?

______________________________   Calories

4.
Convert this amount of energy from Calorie units to joules, remembering that a Calorie used by dieticians is really a kilocalorie which is 4,186 joules.

________________________Calories x 4186 joules per Calorie  =  _________________  joules

5. 
Calculate your weight in Newtons (one pound is approximately 4.5 Newtons)

Weight in pounds x 4.5 Newtons per pound  =  _____________________  Newtons

6.
The energy calculated in #4 is the amount of work this food can do. If all of this work went into climbing a mountain, calculate how high you could go. (Note: since Work = Force x Distance; Distance = Work/Force. The force required to pick yourself up is your weight.)

Distance = Work / Force

______________ meters   =  ______________  joules  _______________  Newtons

7.
Compare the height you calculated to the height of Mt. Everest which is approximately 8850m. Do you think you could really climb this high using the food energy you ate during a 24 hour period? For what else must your food energy be used?

8.
According to the estimates on your log sheets, what was the total number of Calories you used during this 24 hour period?

​​​​___________________ Calories
ENERGY
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9.
How does the amount of energy you put into your body during this period (#3) compare to the estimate of the amount that you used? If there is a difference, what do you think this will cause?


_____________________________________________________________________________________________
10.
A net gain or loss of 7700 Calories from your diet represents a gain or loss of 1 kilogram of body mass (or about 2.2 pounds of weight). Did you gain or lose mass during this period? If so, calculate how much.


_____________________________________________________________________________________________
CALORIES BURNED PER HOUR

(Body mass in kilograms)

ACTIVITY
50
60
70
75
85
100

Backpacking
400
470
540
600
690
770

Basketball
415
485
565
635
715
800

Canoeing
130
155
180
205
230
260

Climbing
360
420
485
550
620
710

Crew
310
365
420
475
535
600

Cycling
(Leisure)
240
2.65
305
365
420
480



(Racing)
510
600
690
780
870
980

Dancing
(Slow)
155
180
210
235
265
295



(Fast)
310
365
420
475
535
600

Fishing

185
220
255
290
320
365

Gardening (Mowing)

355
395
455
515
575
655



(Digging)
375
445
515
580
650
730

Golfing
260
300
350
390
440
500

Gymnastics
280
315
360
405
455
515

Horseback riding
200
235
270
305
340
390

Ironing
100
115
130
150
170
190

Judo/Karate
585
690
795
900
1005
1145

Mopping
185
220
250
285
320
365

Painting
135
185
220
245
280
305

Playing Piano
120
145
165
190
210
240

Running 
(10 min/mile)
360
450
530
600
650
730


(9 min/mile)
580
685
785
895
995
1135


(8 min/mile)
650
750
850
960
1060
1200


(7 min/mile)
730
835
936
1040
1145
1285


(6 min/mile)
835
935
1035
1145
1245
1385


(5 min/mile)
870
1025
1180
1335
1490
1695

Shopping

185
220
250
285
320
365

Sitting

65
70
85
95
110
125

Skating
(Ice)
255
295
345
385
435
485



(Roller)
270
305
355
400
445
510

Skiing 
(Moderate)
330
375
430
480
545
620



(Maximum)
540
730
850
1005
1105
1260

Skin Diving
620
730
840
955
1060
1210

Sleeping

60
65
80
90
100
110

Swimming
(Slow)
385
455
520
595
660
750



(Fast)
470
550
635
720
805
920

Tennis
335
385
445
505
565
645

Typing
85
95
110
125
140
155

Volleyball 
(6 person)
185
225
260
295
320
355

Walking
240
285
325
360
395
450

Weight Training
560
665
755
850
955
1085

ENERGY


1B4

CALORIE CONTENT IN COMMON FOODS

MEAT

Bacon
92
2 slices

Beans, Refried
142

112 cup

Beef, Ground
186

3 oz.

Beef, Roast
182


3 oz.

Beef Liver
195


3 oz.

Bologna
86
slice

Chicken, Fried
201

leg and thigh

Egg, Fried
83

large

Egg, Hard‑Boiled
79


large

Egg‑Scrambled
95


large

Frankfurter
172


2 oz.

Ham, Baked
179

3 oz.

Meat Loaf
230

3 oz.

Peanut Butter
186


2 tbsp

Peanuts
211

1/4 cup

Peas, Blackeye
94


1/2 cup, dried

Perch, Fried, Breaded
193


3 oz.

Pork Chop
308

3 oz.

Sausage
135

2 pork links

T‑Bone Steak
212


3 1/3 oz.

Tuna
168

3 oz.

MILK

Buttermilk
99


1 cup

Cheese, American
106
slice

Cheese, Cheddar
114


slice

Cheese, Cottage
109


1/2 cup

Cheese, Monterey
106


slice

Cheese, Mozzarella
106


(part skim) slice

Cheese Spread
82


1 oz.

Cheese, Swiss
107


slice

Cocoa
164

3/4 cup

Ice Cream, Vanilla
135


1/2 cup

Ice Milk, Vanilla
112


1/2 cup, soft serve

Milk
150

1 cup

Milk Chocolate
208


1 cup

Milk, Lowfat 2%
121

1 cup

Milk. Lowfat 1%
102


1 cup

Milk, Skim
86

1 cup

M Milkshake,   Chocolate
356


10.6 oz.

Pudding, Chocolate
161


1/2 cup

Yogurt, Plain
144


1 cup

Yogurt, Strawberry
255


1 cup

Yogurt, Vanilla
194


1 cup
GRAIN

Bagel
165
Biscuit
103

enriched

Bread, Rye
61

slice

Bread, White
61


slice, enriched

Bread, Whole Wheat
55

slice

Cornbread
191


2 1/2”x3”, enriched
Cornflakes
72

3/4 cup

Crackers, Saltines
60


5

Hominy Grits
62



1/2 cup, enriched

Macaroni
78


1/2 cup, enriched

Noodles, Egg
100



1/2 cup, enriched

Oatmeal
66


1/2 cup

Pancake
61

4” diameter, enriched

Raisin Bran
144



1 cup, enriched

Rice
112


1/2 cup

Roll, Frankfurter
119



enriched

Roll, Hamburger
119



enriched

Roll, Hard
156


enriched

Toast, White
61


slice

Tortilla, Corn
63


6”, enriched

Waffles
130

2. enriched

FRUIT‑VEGETABLE

Apple
80


medium

Banana
101


medium

Beans, Green
16



1/2 cup

Broccoli
20



1/2 cup

Cantaloupe
29



1/4 medium

Carrot Sticks
21



5” carrot

Coleslaw
82


1/2 cup

Corn
70


1/2 cup

Grapefruit, Pink
48


1/2 medium

ENERGY
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Orange
65


medium

Orange juice
56


1/2 cup

Peaches
100


1/2 cup

Pear
101


medium

Peas, Green
54


1/2 cup

Potato, Baked
132


large

Potatoes, French Fried
233


20 pieces

Potatoes, Mashed
63


1/2 cup

Raisins
123


41/2 tbsp

Tomato
22


1/2 medium

Tossed Salad
13


3/4 cup

Watermelon
52


1 cup
OTHERS

Butter or margarine
36


1 tsp

Cake, chocolate
234


1/16 of 9” cake

Cake, Sponge
196


1/12 of 10” cake

Candy Bar, Chocolate
147


1 oz.

Chocolate Syrup
93


2 tbsp

Coffee, Black
2


3/4 cup

Cookie, Sugar
89


3” diameter

Doughnut,Cake Type
125

French Dressing
66


1 tbsp

Gelatin
7 1


1/2 cup

Gravy, Beef
3 1


1/4 cup

Jelly, Currant
49


1 tbsp

Maple Syrup
50


1 tbsp

Mayonnaise
101


1 tbsp

Pie, Apple
403


1/6 of 9” Pie

Popcorn, Unbuttered
23


1 cup

Potato Chips
114


10 chips

Roll, Danish Pastry
274

Sherbert, Orange
135


1/2 cup

Soft Drink, Cola
96


1 cup

Sugar
14


1 tsp

COMBINATION FOODS

Bake Beans with Pork 
156 

112 cup

Beef Potpie
388


1/4 of 9” pie

Beef & Vegetable Stew 
209


1 cup

Chicken Chow Mien
255


1 cup

Chill Con Carne

with Beans
333


1 cup

Lasagna
633


2 1/2” x 4 1/2”
Macaroni and Cheese
215


1/2 cup

Pizza, Cheese
354


1/4 of 14” pie

Soup, Chicken Noodle
59


1 cup

Soup, Tomato
173


1 cup

Spaghetti w/Meat Balls 
332


1 cup

Taco, Beef
216

FAST FOODS

Burger King's

Whopper
670

Dairy Queen's

Brazier Dog
280

Kentucky Fried Chicken's

Original Recipe Dinner 
643

McDonald's Big Mac
563

McDonald's

Cheeseburger
307

McDonald's

Egg McMuffin
327

McDonald's

Filet‑O‑Fish
432

Pizza Hut's
Supreme Pizza
510


3 slices

Taco Bell's
Bean Burrito
343

ENERGY
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ENERGY AND THE HUMAN BODY

IDEA:

PROCESS SKILLS:

Energy is important in everyday life.


Measuring



Interpreting Data
LEVEL: L/U

DURATION: 
24 hr




20‑30 min. (class time)
STUDENT BACKGROUND:
The complete, activity requires that students are familiar with work and 
how it is measured. If students lack this background, eliminate numbers 4‑7 of the activity.
ADVANCE PREPARATION:
Introduce the activity and pass out log sheets, “Calorie Burned per Hour” 
chart and “Calorie Content in Common Food” chart early enough to allow the students the 24 hours required to collect the data. Students may need extra copies of the log sheets and may need to be shown how to calculate 
the Calories for an activity that is not an even number of hours. (e.g. 400 
Calories burned per hour x 1.25 hours = 500 Calories.)
MANAGEMENT TIPS:
It is important to remember that the purpose of this activity is to become acquainted with energy and its units by looking at how the human body 
uses energy. This activity simplifies some of the calculations and does 
not consider that good nutrition is much more than merely a matter of 
calories. Therefore, it is important to emphasize the activity is not 
accurate enough to use for health reasons and is not intended as a nutrition 
guide. For more complete information consult a Registered Dietitian.
RESPONSES TO

SOME QUESTIONS:
4. 

If the person ate 2500 Calories


2500 Calories x 4146 joule per Calorie = 10,465,000 joules


5.
If the person weighed 150 pounds:



150 pounds x 4.5 Newtons per pound = 675 Newtons


6.
Using a 675 Newton (150 lb) person who eats 10,465,000 joules (2500 Calories):



15,504 meters = 10,465,000 joules 675 Newtons


7.
No. Much of the energy used must go into internal energy.


9.
1 used less (or more) energy than I took in. This will cause me to gain (or lose) mass.



10.
If a person used 1000 Calories less than he or she took in then the gain in mass would be:




1000 Calories/ 7700 Calories per kilogram =.13 kg




(13 kg on earth weighs about .29 lb)

ENERGY
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POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
A large amount of energy we use is required for internal life processes.


The amount varies from person to person depending on a variety of


factors, which is one of the reasons that the numbers used in “Calories


Burned Per Hours” chart are only rough estimates. Typically only about


15‑30% of the energy input is used for voluntary muscular activity.
POSSIBLE EXTENSIONS:
1.

It is an interesting activity to try to use the “Calories Burned Per 
Hour” chart to plan a day that would use exactly the amount of 
calories ingested. Remember to include all of the activities in a 24 
hour period since this is the amount of time you kept track of your food intake.

2.
A similar activity could be devised using the energy input and output 
of an automobile

ENERGY
2WL

WORKSHOP LEADER’S PLANNING GUIDE

THERE ARE TWO TYPES OF ENERGY

Using several activities, the participants will get some “hands on” experiences illustrating examples of potential and kinetic energy. For the upper level grades (6‑8), the equations for gravitational potential energy and kinetic energy will be discussed. The only prerequisite for this subtopic is an understanding of the metric units of force, mass, and distance.

Naive Ideas

1. 
An object at rest has no energy. 
2. 
The only type of potential energy is gravitational. 
3. 
Gravitational potential energy depends only on the height of an object. 
4. 
Doubling the speed of a moving object doubles the kinetic energy.

A.
A BODY MAY HAVE ENERGY BY VIRTUE OF ITS POSITION OR CONDITION‑ THIS TYPE OF ENERGY IS CALLED POTENTIAL OR “STORED UP” ENERGY.

1. 
Demonstration/Discussion ‑Focus On Physics: Potential Energy.

2. 
Activity: How Do Weight and Height Affect Gravitational Potential Energy?

3. 
Activity: Another Way of Storing Energy.

B.
A BODY MAY HAVE ENERGY BY VIRTUE OF ITS MOTION, THIS TYPE OF ENERGY IS CALLED KINETIC ENERGY.

1. 
Demonstration/Discussion ‑Focus On Physic: Kinetic Energy.

2. 
Activity: Do Speed and Mass Affect Kinetic Energy?

ENERGY
2A2

HOW DO WEIGHT AND HEIGHT AFFECT GRAVITATIONAL POTENTIAL ENERGY?

Materials: 
Aluminum pie plate (disposable type)



2 film cans (one filled with sand)



meter stick



spring scale (0‑5 Newtons)



2 30 cm pieces of string

I. 
Gravitational potential energy and height


1.
Place pie plate upside down on the floor.


2.
One at a time, place the film cans (empty and full) on the pie plate. Can the pie plate support them without being dented?



_____________________________________________________________________________________________

3. 
Remove the film can from the pie plate. Lift the empty film can to a height of .25 m above the plate. Drop the can onto the plate. Describe what it did to the pie plate.



_____________________________________________________________________________________________

4.
Predict what will happen if the empty can is dropped from a height of 1 m.



_____________________________________________________________________________________________

5.
Drop the empty can from a height of one meter. Did your predictions come true? (You may repeat the dropping from both heights several times to check your results. Flatten out any dents between drops.) Explain how the height of an object affects its potential energy.



_____________________________________________________________________________________________


_____________________________________________________________________________________________
II.
Gravitational potential energy and weight


6.
Tie a string around each film can so they can be hung on the spring scale. Weigh each can.
weight of empty can  ______________      weight of full can  ______________

7. 
Predict what will happen if each can is dropped onto a pie plate from a height of .5 m.



_____________________________________________________________________________________________

8.
Drop each can from a height of .5 rn starting with the empty can. Repeat this several times, flattening out the plate each time. Explain how the weight of an object affects its gravitational potential energy.



_____________________________________________________________________________________________


_____________________________________________________________________________________________
III, Energy in everyday life


9.
Why would a sledgehammer be used to split rocks rather than a carpenter's hammer?



_____________________________________________________________________________________________


_____________________________________________________________________________________________

10.

People in the upholstery business use a small hammer called a tack hammer. Would you want to build a house with only a tack hammer for nailing? Explain.



_____________________________________________________________________________________________

11.
Which would be more dangerous, falling off of the bottom step of a ladder or the top step? Explain you answer using potential energy.



_____________________________________________________________________________________________
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HOW DO WEIGHT AND HEIGHT AFFECT GRAVITATIONAL POTENTIAL ENERGY?

IDEA:


PROCESS SKILLS:
A body may have energy by virtue of its position or 


Inferring

condition. This type of energy is called potential or


Observing

11 stored up” energy. One form of potential energy is

gravitational potential energy. The more weight or

height an object has, the more gravitational potential

energy is stored in it.
LEVEL: LIU


DURATION: 20‑25 min
STUDENT BACKGROUND:
At this point, students should know that energy is the


ability to do work.
ADVANCE PREPARATION:
If spring scales are at a minimum, one can be shared by all 
of the groups. Pennies, or almost any heavy small objects, may be used as a substitute for the sand in the film cans.
MANAGEMENT TIPS:
1. 
Students may want to open the filled film can to see 
what's inside. Caution them to do this with care and to seal it back up securely to avoid spilling the contents.


2. 
An alternative to using the pie plate is to drop the objects into modeling clay or play dough. Then a permanent record of the impacts can be kept.

RESPONSES TO

SOME QUESTIONS:
2 
Yes.


3.
The pie plate is slightly dented.


5.
Yes. The more height an object has the more 
gravitational potential energy is stored in it.


7.
The empty plate will be dented more by the full can than by the empty can.


8.
The more weight an object has the more gravitational potential energy is, stored in it at a given height.


9.
A sledgehammer is heavier than a carpenter's hammer, therefore at a given height it will have more energy.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.

Relate the size of the dent to the amount of work done 
on the pie plate. The larger the dent the more work 
done, and therefore the more gravitational potential energy the film can had.


2.

The potential energy gained by a body is equal to the 

work done on it (computed by multiplying), the force 

exerted (equal to the weight of the body) times the 

vertical distance it is raised (height). Gravitational 

potential energy, then, is simply equal to the weight of a body times the height to which it is raised.



            PEgrav   = 
weight x height




                        = 
Newtons x meters = joules

POSSIBLE EXTENSIONS:
Try to relate this to examples of potential energy in your


geographic areas such as avalanches, hydroelectric power,


water towers, putting hay in a loft, etc.

ENERGY
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DO SPEED AND MASS AFFECT KINETIC ENERGY?

Materials:
2 identical “hot wheels” type cars



3 meter sticks



130 cm ruler (or a stick about this long)



modeling clay



balance



2 juice boxes (or small milk cartons) each about half full of sand and adjusted to have equal mass
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I. 
KINETIC ENERGY AND SPEED


1.
Place two meter sticks parallel to each other to form a track for the car as shown in the diagram. Place a juice box at the end of the track. Tap the juice box to distribute the sand evenly across the bottom of the box.


2.
Push the car to accelerate it and then release it so that it crashes into the juice box. What happened to the juice box? What kind of energy caused this to happen?



_____________________________________________________________________________________________


_____________________________________________________________________________________________

3.
Try pushing the car so that it goes slowly. Observe the motion of the juice box. Now push the car so that it goes at a faster speed, again observing the motion of the juice box. Repeat this several times using slow and fast speeds. Does the amount of speed make a difference?



_____________________________________________________________________________________________

4.
What can you conclude about the relationship between kinetic energy and speed?



_____________________________________________________________________________________________


_____________________________________________________________________________________________


_____________________________________________________________________________________________
II.

KINETIC ENERGY AND MASS

[image: image3.png]



5.
Place the three meter sticks parallel to each other to form two tracks for the cars as shown. Place a juice box at the end of each track. Tap the juice boxes to distribute the sand evenly across the bottom.


6. 
Place the lump of clay on top of one of the cars to increase the mass. Use the balance to find the mass of each car. 


mass of car with clay  __________________



mass of car without clay  __________________
ENERGY
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7.
Use the ruler to push both cars at the same time, accelerating them down the track to equal speeds. Stop pushing them just before impact with the boxes, letting them coast into the boxes. Observe the motion of each box. Repeat this several times switching tracks to eliminate any differences between the tracks or the boxes. Is there a difference in how each box moves?



_____________________________________________________________________________________________


_____________________________________________________________________________________________

8.
What can you conclude about the relationship between kinetic energy and mass?



_____________________________________________________________________________________________


_____________________________________________________________________________________________
ENERGY
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HOW IS THE KINETIC ENERGY OF A BODY AFFECTED BY ITS MASS AND VELOCITY?

IDEA:
PROCESS SKILLS:

A body may have energy by virtue of its motion.
Observing

This type of energy is called kinetic energy. Kinetic
Inferring

energy is directly proportional to both mass and speed.
LEVEL: L
DURATION: 30‑40 min.

STUDENT BACKGROUND:
Students should be familiar with the metric system and know that energy 
is the ability to do work.
ADVANCE PREPARATION:
The juice boxes (or milk cartons) need to be partially filled with sand and 
adjusted to be of equal mass. The amount of sand depends on the size of the 
boxes and the masses of the cars used, as well as the surface on which they 
will be used. Standard juice boxes filled about half way work well with 
metal “Hot Wheels” cars on a “Formica” table top. Test out the amount of sand for the conditions present.
MANAGEMENT TIPS:
The boxes should be taped closed and students should be reminded not to 
open them to avoid spilling sand around the room.

RESPONSES TO

SOME QUESTIONS:
2. 
It moved (work done on it). The energy of motion of the car (kinetic 
energy).


3. 
Yes. The faster the car is pushed, the more work it can do on the box.


4. 
The more speed an object has the more kinetic energy it has.


7. 
Yes. The box hit by the more massive car moves the most (has the 
most work done on it).


8. 
The more mass an object has the more kinetic energy it has.

POINTS TO ENTHASIZE IN

THE SUMMARY DISCUSSION:
It should be emphasized that kinetic energy is directly proportional to both mass and speed. In the upper grades the definition of K.E. = 1/2mv2 can be discussed, emphasizing that the speed is in the equation twice, (1/2mvv) and therefore has an even greater effect on the kinetic energy than mass. The results of this lab should be related to real cars, perhaps discussing how speed and mass affect the amount of energy dissipated in an accident, or how they relate to fuel economy.

POSSIBLE EXTENSIONS:
Present activities or demonstrations of kinetic energy in everyday life such


as ones dealing with wind energy or water power. Look for examples of


these in your area such as windmills, sailboats, waterwheels, etc.

ENERGY
2A1F

FOCUS ON PHYSICS

POTENTIAL ENERGY

(Demonstration/Discussion)

Materials:
hammer (should be lying on a desk or table)



block of wood



nails



elastic band



wind‑up toy



two identical magnets

Begin by saying “Energy is the ability to do work. With respect to the top of the desk, can this hammer do work? Does it have the ability to make things move?” (No) Raise the hammer a short distance above the top of the desk, and ask, “How about now?” (Yes). Under the raised hammer, place a block of wood with a nail partially imbedded in it. Let the ham hammer drop, further driving the nail into the wood. Have the participants identify the force applied, the distance through which the force acted and the work done. Since the hammer had the ability to do work when it was raised, then it must of had energy in it when it was in this position. Energy stored in an object because of its position is called potential energy. Note too, that work had to be done in lifting the hammer, an amount of work equal to the potential energy gained by the hammer.

Hold the large elastic band in the palm of your hand. Ask “Does this elastic band have potential energy with respect to the palm of my hand?” (No). Stretch the elastic and hold it in the stretched position. Ask “Does it have potential energy now?” (Yes). “Why?” (There was a change in the condition of the long spiral molecules that make up rubber compounds as they were pulled into a stretched position. Once again, note that work had to be done to increase the potential energy of the band. The potential energy gained is equal to the work done in stretching the band). Set an unwound mechanical toy on the desk and ask the same type questions. “Does it have potential energy with respect to the top of the table?” Wind it up. “Does it have energy now?” Release it so the students can see it move. Identify the work done to increase the potential energy of the wind‑up toy. “What part of the toy had its position or condition changed as the winding took place?” (The spring). This type of stored energy is called elastic potential energy.

Place a magnet on the desk and ask the same type of questions. “Does it have potential energy with respect to the top of the table?” Take another similar magnet and push it against the first one so that their like poles are held together. “Does it have energy now?” Release it so the students can see it move. Identify the work done to increase the potential energy of the magnets. The magnets gained energy because of their position. This type of stored energy is called magnetic potential energy.

ENERGY

2B1F

FOCUS ON PHYSICS

KINETIC ENERGY

(Discussion)

When a person throws a bowling ball, work is done on the ball to get it going. Once the ball is going it has the ability to do work on another object such as the pins at the end of the lane. This “energy of motion” is called kinetic energy.

Kinetic energy is very important in everyday life. A car traveling down the road has kinetic energy, and the more it has the harder it is to stop. Moving water was used to run mill wheels in the old days and is used today to run hydroelectric power plants. This water has energy because it is moving ‑‑ kinetic energy. It is the kinetic energy of the wind that is used to make wind generators and sailboats go. Sometimes, such as in tornados and hurricanes, the kinetic energy of the wind becomes too much and can cause great destruction.

Kinetic energy is also important on the microscopic scale. The more kinetic energy the molecules of an object have, the hotter it will be. Heat energy is related to kinetic energy. The sounds people hear are caused by the motion of their car drum. Sound is also related to kinetic energy!

The next activity (2B2) investigates the factors that affect the kinetic energy of an object.

ENERGY
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WORKSHOP LEADER’S PLANNING GUIDE

THERE ARE MANY FORMS OF ENERGY

This subtopic is easy to present, and the workshop leader will have little difficulty eliciting the names of the various forms of energy from the teacher’s personal experiences. As each form is identified, it is shown to be a source of energy by its ability to do work (subtopic I. idea B). Several more demonstrations and activities are performed to show that energy can be changed into heat. The ideas presented in subtopics I & 2 are the prerequisites for this subtopic.

Naive Ideas

1.
 Things “use up” energy. 
2. 
Energy is confined to some particular origin, such as what we get from food or what the electric company sells.

A.
SOME FORMS OF ENERGY ARE HEAT. LIGHT (RADIANT). SOUND. MECHANICAL, ELECTRICAL, CHEMICAL. AND NUCLEAR.

1.
Demonstration: Some Forms of Energy.


This demonstration uses a variety of objects to clarify the various forms that energy takes.

2.
Activity: Can Heat Energy Make Things Move?


Certain types of candy wrappers and a light bulb are used to show that heat is a form of energy.

3.
Activity:  Can Chemical Energy Make Things Move?


Baking soda and vinegar are used to show that chemicals can contain energy.

B. 
ENERGY CAN BE CHANGED FROM ONE FORM To ANOTHER.

1.
Demonstration: Energy Chains.


Everyday objects are used to awe energy flow from one form to another.

2.
Activity: Energy Transformations.


A matrix is used to illustrate energy transformations.

3.
Actively: Demonstrating Energy Transformations


Several different activities with speakers illustrate energy transformations.

ENERGY
3A1D

SOME FORMS OF ENERGY

(Demonstration)

Back in subtopic I, energy was defined as the ability to do work. If an object begins moving, then work is being done on it, and therefore, some form of energy is being used. We refer back to this idea to demonstrate some of the many forms that energy can take. It is suggested that a list of energy forms be generated by the students. Examples of each form can be taken individually and demonstrated to show its ability to make something move. As each is shown, the objects are placed on a table with a card labeling that form of energy. For example if a student mentions coal a demonstration of how chemical energy causes motion can be shown. If another student mentions gasoline, the instructor can point out that it is another form of chemical energy. The objective of this demonstration is to make similarities and differences between the many forms of energy “come alive” to focus discussion. It is not intended as an attempt to classify every form of energy in the universe. Some suggestions are as follows:

1.
Heat a bimetallic strip with a match or candle flame. Ask “Does heat make things move? Is heat a form of energy?”

Another example of heat to motion that might be used is the form of the pin wheel found in Christmas ornaments that makes use of the convention currents from candles to produce rotation, or a “palm glass” that uses heat from a person's hand to partially evaporate a colored liquid causing the remaining liquid to be forced up a glass tube..

2.
Light:  Start a radiometer moving with a flashlight. If a flash attachment from a camera is available, try “kick” 
starting the radiometer with the flash. For each of the forms of energy, ask “Does ________ make things move?


Is _________ a form of energy?”
3.
Sound:  Activity 1A1 in the OPERATION PHYSICS book “SOUND” describes an apparatus that consists of a tin can, a balloon and a small mirror that will demonstrate that sound can cause something to move. Another example would be to use two matched tuning forks (preferably mounted on sounding boxes). Striking one fork will cause the sound from it to set the other one in motion.

4.
Mechanical: This type of energy is the kinetic and potential energy of objects. There are a variety of toys that can be used here to demonstrate mechanical energy.

5.
Electrical  Hold up the plug to an electric fan and ask “What form of energy are we dealing with here?” (Electric). Plug in the fan and turn it on. As an alternative, use a battery operated toy. Show the battery first and ask the same question as you would with the plug. Insert the battery and make the toy move. (If a battery is used, then it is stored chemical energy, not electrical energy).

6.
Chemical: Half fill a test tube with vinegar. Put about 3cc (or about half a teaspoon) of baking soda into a rubber balloon. Attach the end of the balloon to the top of the test tube and shake the baking soda into the vinegar. The gas produced (CO2) will make the balloon expand. (Stretching the balloon first by blowing it up and releasing the air will make this more dramatic.) A variation of this example is to place a few drops of water into the bottom of a plastic 35mm film can and drop in a “alka‑seltzer” tablet and quickly snap on the lid. Place the can on the table in such a way that the lid will not hit anyone when it pops off.

7.
Nuclear:  Use a Geiger counter to listen to background radiation. Hold the Geiger tube near a piece of ordinary rock and note that the background activity remains the same. Now hold the tube near a radioactive sample. Note the sharp increase in activity, both by the speaker and the deflection of the meter needle. This may seem kind of far‑fetched, but it does make an impression on the viewers that indeed, nuclear energy does make things move.

ENERGY
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CAN HEAT ENERGY MAKE THINGS MOVE?

Materials:
chewing gum wrapper (foil/paper combination)



scissors



source of heat (incandescent light bulb) and socket

1.

Cut a strip from the wrapper.5 centimeters wide and 6 centimeters long.

2.

Hold the strip, shiny side down, over the glowing bulb. Observe what happens.

3.

Describe what happened to the strip.


_____________________________________________________________________________________________

_____________________________________________________________________________________________
4.

Explain how this demonstrates that heat is a form of energy.


_____________________________________________________________________________________________

_____________________________________________________________________________________________
5.
Predict what will happen if the strip is removed from the source of heat and placed in a cool spot near a window or in a refrigerator.


_____________________________________________________________________________________________
6.
Check your prediction in Step 5 by moving the strip from a source of heat to a much cooler area.

7.
Experiment by using a piece of paper the same dimensions as the strip cut from the wrapper.

Does the heat from the bulb make the paper move?  _____


Try a strip cut from aluminum foil. Does the heat from the bulb make the foil move?  _____
8.

Explain why the gum wrapper was a better detector of heat than the paper or aluminum foil.


_____________________________________________________________________________________________

_____________________________________________________________________________________________
ENERGY
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CAN HEAT ENERGY MAKE THINGS MOVE?

IDEA:
PROCESS SKILLS:

To show that heat energy is truly a form
Observing

of energy
Predicting


Inferring
LEVEL: L[U
DURATION: 15 min.

STUDENT BACKGROUND: 
Students should know that energy makes things move.

ADVANCE PREPARATION:
The type of wrapper paper needed is the kind that has a thin layer of aluminum bonded to paper. This type of wrapper can also be found on “Hershey's” miniature chocolate bars. Several strips can be cut 
from each wrapper.
MANAGEMENT TIPS:
Have the students use caution with the scissors, as well as with the 
hot bulb.

RESPONSES TO

SOME QUESTIONS:
3. 
The strip bends away from the light bulb.


4.
Energy makes things move. Energy is the ability to do work. 'Me heat from the bulb does work on the strip.


5.
It straightens out.


7.
No, No.


8.
The aluminum side of the paper expands more than the paper side, causing it to bend.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1. 
Energy makes things move.


2. 
The heat from the lamp did work on the strip, causing it to bend.

POSSIBLE EXTENSIONS:
Bimetallic strips used in thermostats are dial type thermometers.

ENERGY
3C3

HEAT ENERGY SMORGASBORD

Materials:
elastic bands
hand drills



nails
block of wood



hammer
pieces of coat hangers



cap for 3/4 copper tubing
superball



modeling clay
thermometers

Arranged around the room, you will find 5 work stations, each one having the materials to demonstrate the transformation of mechanical energy to heat energy. Try the experiment at each station, recording your results on this paper.

STATION #1: ELASTIC BANDS


1.
Touch one of the elastic bands to your upper lip, sensing its temperature.


2.
Remove the elastic from the vicinity of your lip, expand it rapidly, and while still stretched, once again touch it to your upper lip. Describe the sensation on your lip.



_____________________________________________________________________________________________

3.
Was work required to stretch the elastic band?



_____________________________________________________________________________________________

4.
Identify the energy transformations that took place.



_____________________________________________________________________________________________
STATION #2: HAMMER, NAIL AND BLOCK OF WOOD


1.
Hold a nail to sense its temperature, and then carefully pound the nail about 4 to 5 centimeters into the block of wood. Identify the work required to do this.



_____________________________________________________________________________________________

2.
Using the claw part of the hammer, pull the nail out of the wood. Immediately touch the part of the nail that was stuck in the wood. Describe the sensation.



_____________________________________________________________________________________________

3.
Identify the energy transformations that took place.



_____________________________________________________________________________________________
STATION #3: SUPERBALL


1.
Very carefully place the bulb of the thermometer into the hole drilled in the ball. 


Record the temperature. ________ degrees. Remove the thermometer from the ball.


2. 
Bounce the ball against a hard surface for about 5 minutes. Take turns with the other members of your group.


3. 
After 5 minutes, insert the bulb of the thermometer into the drilled hole. Record the temperature. _degrees.


4. 
Identify the energy transformations that took place.



_____________________________________________________________________________________________


_____________________________________________________________________________________________
ENERGY
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HEAT ENERGY SMORGASBORD

STATION #4: COAT HANGER WIRE PIECES


1. 
Measure one milliliter of water into a small test tube. Record the temperature of the water  _________.degrees.


2.
Bend the coat hanger wire back and forth rapidly until it breaks in the middle. Quickly place the two broken ends into the water in the test tube. Once again, record the temperature of the water.   __________  degrees.


3. 
Describe the work done on the piece of wire.



_____________________________________________________________________________________________

4. 
Identify the energy transformations that took place.



_____________________________________________________________________________________________


_____________________________________________________________________________________________
STATION #5: COPPER CUP


1. 
Form a base around the small copper cup using the modeling clay. Bring the clay up to the edge of the copper cup.


2.
 Measure out two milliliters of water into the copper cup. Record the temperature of the water  __________  degrees.


3.
Secure the nail into the chuck of the hand drill with the head of the nail sticking out.


4.
Position the head of the nail against the bottom of the cup and turn the handle on the drill for 5 minutes. Do this without stopping, taking turns with the other members of your group.


5. After 5 minutes, record the temperature of the water. __________  degrees.


6. Describe the work you did on the drill.



_____________________________________________________________________________________________

7. Identify the energy transformations that took place.



_____________________________________________________________________________________________


_____________________________________________________________________________________________
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IDEA:
PROCESS SKILLS:

When energy is changed from one form
Observing

to another, in most cases, some energy
Measuring

is changed to heat.
LEVEL: U
DURATION: 45 min.

STUDENT BACKGROUND:
Students should know the forms of energy, and that energy can be changed from one form to another.

ADVANCE PREPARATION:
Start early gathering the materials for this activity. Practically all are readily available, and things like super balls might be supplied by the students. Check around for a hand drill. The high school shop teacher might be willing to loan one.

MANAGEMENT TIPS:
The teacher will have to use caution in this activity because pieces of coat hanger


wire have sharp ends, elastic bands might be sent flying and fingers could be mashed


while hammering nails. For health reasons, the elastic band should be discarded after


a student places it on his or her lips.
RESPONSES TO
STATION #1:

SOME QUESTIONS:
2. 
The band feels warm when it is stretched.


3.
Yes, a force was exerted through a distance.

4. 
Chemical (muscular) ‑ kinetic ‑ elastic potential ‑ heat energy.

STATION #2:

1. 
The force of the hammer times distance drive the nail into the wood.


2. 
The nail feels warm.

3. 
Chemical (muscular) ‑ gravitational potential ‑ kinetic ‑ heat energy.

STATION #3:

1. 
The temperature should be higher.

4. 
Chemical (muscular) ‑ kinetic ‑ gravitational potential ‑ elastic potential ‑ 

heat energy.

STATION #4:

3. 
The force to bend it times distance it was bent.



4. 
Chemical (muscular) ‑ kinetic ‑ gravitational potential ‑ elastic potential ‑ heat energy


STATION #5

5. 
The temperature should be higher.


6. 
Hand exerted a force through distance while turning the crank.


7. 
Chemical (muscular) ‑ kinetic ‑ heat energy.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:


When energy is changed from one form to another, in most cases, some energy is changed to heat
.
POSSIBLE EXTENSIONS:

1.
Paper clips can be bent back and forth and then placed on the lips to detect an increase in temperature, in a manner similar to the one used in station #1. (Be 
sure to discard the paper clip after each use, and be careful of any sharp edges.)

2.

Thermometers made of a sheet of liquid crystals are available in drug stores, and can be used to illustrate the increase in temperature of the nail.
ENERGY
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CONSERVATION OF ENERGY

In subtopic III it was demonstrated that energy may be transformed. This subtopic illustrates the concept of conservation of energy. Conservation of energy means the total amount of energy before a transformation is equal to the total amount of energy after a transformation. Because we live in a world of friction, energy often transforms to heat which can be hard to measure accurately. This makes it very difficult to quantitatively prove that the amount of energy after a transformation is indeed the same.

Although the conservation of energy is difficult to quantitatively prove, idea A illustrates this concept in a qualitative way. Idea B addresses why we are running out of energy even though it is conserved. Idea C deals with the special situation in which energy can be converted into matter, and matter into energy. The meaning of E = mc2 is discussed, and the energy released when hydrogen is converted to helium is calculated. This calculation is relatively complex and intended as optional background.

The ideas presented in subtopics 1, 2, and 3 are prerequisites for this subtopic.

Naïve Ideas

1. 
Energy is truly lost in many energy transformations.
2. 
There is no relationship between matter and energy. 
3. 
If energy is conserved, why are we running out of it?

A.
WHEN ENERGY IS CONVERTED FROM ONE FORM TO ANOTHER, THE TOTAL AMOUNT OF ENERGY REMAINS THE SAME..

1. 
Activity: Energy Transformations and the Pendulum.


This activity uses a simple pendulum to illustrate conservation of energy.

2. 
Demonstration/Discussion: Stop and Go Balls.


Coupled pendulums are used to demonstrate energy conservation.

3. 
Activity: Energy Transformations and the Hand Generator


This activity uses a hand electric generator (Genecon) to illustrate conservation of energy.

4. 
Discussion: What is Energy?


Richard Feynman’s essay on energy is used to stimulate discussion.

ENERGY
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ENERGY TRANSFORMATIONS AND THE HAND GENERATOR

Materials:
2 hand powered generators (Gencons)


2 sets of clip leads for the generators


I miniature light bulb (7.5 volt)


bulb holder


2 “D” cell batteries

[image: image4.png]



masking tape

1.
Place the bulb in the bulb holder. Plug a set of clip leads into the generator and connect one of the clip leads to each terminal on the bulb holder. Crank the handle of the generator and observe. Describe what happens in terms of energy transformations.


_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________
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2.
Tape the two batteries together in series (the positive terminal of one to the negative of the other). Hold one o the clip leads from the generator to each of the remaining terminals. Describe what happens in terms of energy transformations.


_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________
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3.
Connect the two generators to each other as shown. Using what you observed in the previous two steps, predict what will happen when you tam the crank of o of the generators.


_________________________________________________________

_________________________________________________________

_________________________________________________________
4.

Turn the crank of one of the generators. Describe what happens in terms of energy transformations.


_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________
5.
Turn the crank of the first generator ten revolutions while your partner counts how many revolutions the crank of the second generator makes. Record the results.


Number of revolutions of the first generator    10


Number of revolutions of the second generator     _____
ENERGY
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6.
Did the two generators make exactly the same number of revolutions? Discuss why or why not in terms of energy transformations. 


_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________

_____________________________________________________________________________________________
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ENERGY TRANSFORMATIONS AND THE HAND GENERATOR

IDEA:
PROCESS SKILLS:

When energy is converted from one form to
Inferring

another, the total amount of energy remains
Observing

the same.
LEVEL: L/U
DURATION: 30 min.

STUDENT BACKGROUND:
Students should be familiar with the concepts presented in the other 
sections of this book.
ADVANCE PREPARATION:
Gather the materials. Students need to be in groups of at least two.
MANAGEMENT TIPS:
A bulb with a voltage lower than 7.5 volts can be used in #1; however, if the generator is cranked too rapidly, the bulb will blow out. If battery holders are available, then the taping together of batteries in #2 can be 
omitted. If tape is used, the batteries have to be taped tightly to insure good 
contact. Pushing them together when putting on clip‑leads will also help to 
insure good contact. In #3 the polarity of the connections does not make a 
difference. Let the students try it both ways. (The direction in which the second generator turns will be reversed‑)

RESPONSES TO

SOME QUESTIONS:
1 . 
Mechanical energy is converted to electrical energy which is convened 
to light and heat by the bulb. Heat energy and sound are also 
created by the friction in the gears of the generator.


2. 
Chemical energy in the battery converts to electrical energy. When 
electrical energy is put into a generator it becomes an electric motor and converts the electrical energy into mechanical energy. As the generator 
turns, heat energy and sound are also created by the friction in the gears.


3. 
When the first generator is cranked, the second 9ne will turn.


4. 
When the first generator is turned, mechanical energy is converted to 
electrical energy. This electrical energy goes into the second generator 
which converts it back to mechanical energy. In the process, heat energy and sound are also created by the friction in the gears of both of  the generators.


5. 
Less than 10.


6. 
No. As the energy is converted from mechanical energy to electrical



energy and back to mechanical energy, some of it was converted to heat



energy and sound energy. This energy left the system and was not



converted back to mechanical energy.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
When energy is converted from one form to another, the total amount of 
energy remains the same. If during the conversion some of the energy is 
converted to a form that leaves the system, the total amount remaining in 
the system will be reduced. For example, in the third part of the activity the 
heat energy and sound energy that were created by the friction of the gears 
left the system and were not available to be converted back to mechanical 
energy. It is important to emphasize that this energy is not destroyed or 
truly “lost.” It merely leaves the system and goes off into the air of the 
room and from there is spread out around the universe. The energy leaves the system, but it is not destroyed. Energy is‑ conserved!

POSSIBLE EXTENSIONS:
1. 
This activity can be easily related to activity 4A1


2.
Ask students to write about the availability or “usefulness” of the heat energy that was scattered about the universe in this activity. This should open the door to an interesting discussion about why we are running out of energy if the total amount of energy in the universe is conserved.
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WHAT IS ENERGY?

(Demonstration/Discussion)

Have the participants read the essay “What is Energy?” by Nobel Prize Winner, Richard Feynman. This essay appears in Chapter 4, “Conservation of Energy,” in Volume I of The Feynman Lectures on Physics by Richard P. Feynman, Robert B. Leighton and Matthew Sands published by Addison‑Wesley, 1963. It is fairly self‑explanatory and well worth reading. Spend a few minutes discussing any questions the participants may have concerning the article, particularly in regard to the two equations.

Conservation of Energy

4‑1 What is energy?

In this chapter, we begin our more detailed study of the different aspects of physics, having finished our description of things in general. To illustrate the ideas and the kind of reasoning that might be used in theoretical physics, we shall now examine one of the most basic laws of physics, the conservation of energy.

There is a fact, or if you wish, a law, governing all natural phenomena that are known to date. There is no known exception to this law‑it is exact so far as we know. The law is called the conservation of energy. It states that there is a certain quantity, which we call energy, that does not change in the manifold changes which nature undergoes. That is a most abstract idea, because it is a mathematical principle; it says that there is a numerical quantity which does not change when something happens. It is not a description of a mechanism, or anything concrete; it is just a strange fact that we can calculate some number and when we finish watching nature go through her tricks and calculate the number again, it is the same. (Something like the bishop on a red square, and after a number of moves‑‑details unknown‑it is still on some red square. It is a law of this nature.) Since it is an abstract idea, we shall illustrate the meaning of it by an analogy.

Imagine a child, perhaps “Dennis the Menace,” who has blocks which are absolutely indestructible, and cannot be divided into pieces. Each is the same as the other. Let us suppose that he has 28 blocks. His mother puts him with his 28 blocks into a room at the beginning of the day. At the end of the day, being curious, she counts the blocks very carefully, and discovers a phenomenal lawno matter what he does with the blocks, there are always 28 remaining! This continues for a number of days, until one day there are only 27 blocks, but a little investigating shows that there is one under the rug‑she must look everywhere to be sure that the number of blocks has not changed. One day, however, the number appears to chance‑there are only 26 blocks. Careful investigation indicates that the window was open, and upon looking outside, the other two blocks are found. Another day, careful count indicates that there are 30 blocks! This causes considerable consternation, until it is realized that Bruce came to visit, bringing his blocks with him, and he left a few at Dennis' house. After she has disposed of the extra blocks, she closes the window, does not let Bruce in, and then everything is going along all right, until one time she counts and finds only 25 blocks. However, there is a box in the room, a toy box, and the mother goes to open the toy box, but the boy says “No, do not open my toy box,” and screams. Mother is not allowed to open the toy box. Being extremely curious, and somewhat ingenious, she invents a scheme! She knows that a block weighs three ounces, so she weighs the box at a time when she sees 28 blocks, and it weighs 16 ounces. The next time she wishes to check, she weighs the box again, subtracts sixteen ounces and divides by three. She discovers the following:

                number of      +     (weight of box) ‑ 16 ounces = constant.  =  constant


(4.1)

               blocks seen 
3 ounces

There then appear to be some new deviations, but careful study indicates that the dirty water in the bathtub is changing its level. The child is throwing blocks into the water, and she cannot see them because it is so dirty, but she can find out how many blocks are in the water by adding another term to her formula. Since the original height of the water was 6 inches and each block raises the water a quarter of an inch, this new formula would be:

                number of      +     (weight of box) ‑ 16 ounces   +  (height of water) ‑ 6 inches   =   constant
(4.2)
               blocks seen                           3 ounces                                1/4 inch
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(Demonstration/Discussion)

In the gradual increase in the complexity of her world, she finds a whole series of terms representing ways of calculating how many blocks are in places where she is not allowed to look. As a result, she finds a complex formula, a quantity which has to be computed, which always stays the same in her situation.

What is the analogy of this to the conservation of energy? The most remarkable aspect that must be abstracted from this picture is that there are no blocks. Take away the first terms in (4.1) and (4.2) and we find ourselves calculating more or less abstract things. The analogy has the. following points. First, when we are calculating the energy, sometimes some of it leaves the s stem and goes away, or sometimes some comes in. In order to verify the conservation of energy, we must be careful that we have not put any in or taken any out. Second, the energy has a large number of different forms, and there is a formula for each one. These are: gravitational energy, kinetic energy, heat energy, elastic energy, electrical energy, chemical energy, radiant energy, nuclear energy, mass energy. If we total up the formulas for each of these contributions, it will not change except for energy going in and out.

It is important to realize that in physics today, we have no knowledge of what energy is. We do not have a picture that energy comes in little blobs of a definite amount. It is not that way. However, there are formulas for calculating some numerical quantity, and when we add it all together it gives “28”‑always the same number. It is an abstract thing in that it does not tell us the mechanism or the reasons for the various formulas.
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