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REVISED IQWA DEVELOPED ENERGY ACTIVITY SAMPLER - IDEAS

INTRODUCTION TO IDEAS

The revised IDEAS were developed fram the Energy Conservation Activity Packets,
(EQAPS), by Ruth Bakke, and Iowa Developed Enerqy Activity Sampler (ITEAS),
developed by Dr. Doris G. Simonis under the auspices of the Iowa Energy Policv
Council and the Iowa Department of Public Instruction, now the Iowa Department
of Education. An "infusion model” was used as a basic framework which
jt:ecognized the interdisciplinary nature of energy education concepts. These
ncluded:

1. Energy is hasic.

2. Energy usefulness is limited.

3. Ewiroment is impacted by emcrqy exchanges.

4. Enerqgy conservation is needed.

5. 'The future of enerqy is ours to shape and share.

The revised IDEAS adheres to these concepts and provides activities that
utilize a learning cycle to develop a knowledgeahle student population
concerning energy mattzrs. Decision-making skills are emphasized and
developing an enerqy conservation ethic is a major goal.

Under the joint sponsorship of the Iowa Department of Education, Duane Toamsen,
Emwironmental and Enerqgy Education Consultant, and the Enerqy Division of the
Iowa Department of Natural Resources, Dr. W. Tony Heiting, Coordinator; the
revised Iowa Developed Enerqy Activity Sampler (IDEAS) was created to meet the
continuing need for energy education fram the 1980's into the twenty-first
century.

Conservation of natural resources and erwirommental awareness has been mandated
by the State of Iowa to became a part of the quality education experienced by
Iowa's future citizens in grades K-12. Energy is an integral part of our
nation's natural resource base. The major emphasis of ITEAS is to provide
uniquely designed K-12 classroam activities that are adaptable into various
classroam situations, i.e., highly populated, urban schools to less populated
rural facilities. The focal points of IIEAS are: energy concerns, impacts,
choices, challenges, and conservation.

Revised IDEAS adopts a learning cycle strategy based upon the learning theory
of Jean Piaget. The cycle has three phases: awareness, concept development
and application. Activities are loosely structured to allow for student
exploring, hypothesizing, and decisiommaking.

Miareness activities encourage students to experience a new idea, phenamenon or
perception. A variety of experiences should stimulate the students' interest,
appreciation, and initiate a positive attitude toward the concept to be
formulated. Concept development irwolves the building of a concept of enerqy
based upon the awareness phase. COoncept development may include such
activities as reading, performing experiments, solving prohlems, group
interactions, games and role-playing in order to reinforce the developing

concept. The application phase is designed to enable the student to apply the
new concept to various situations or prohlems. Arplication activities may
include same types of activities plus a gamut of others, including debates,
panels, simulations, surveys, designing, constructing and community or school

projects.
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This learning cycle approach integrates content with processes and encourages
the development of higher level reasoning and thinking skills. The
interdisciplinary importance of energy education is emrhasized.

iv

The activity format used in the revised edition of IDEAS includes a title,
subject and grade level designation, a rhort description of the activity,
learning objectives, materials needed, approximate time required, and
descriptions of the three phases of the activity. A suggested evaluation
gection has been included, in most packets, to assist the instructor and/or
learner in determining the extent to which each learner achieved each
objective. Follow-up or background information and a detailed activity
description camplete the format.

Iowa is an excellent example of how enerqy is an interrelated and
interdependent resource. Iowa imports 98% of the energy it uses and has a high
potential for reducing its dependence on ontside energy sources through
oconservation and altermativ: enerqy foms. Iowa's current energy dependence
has a major impact on Iowa's econamy and the ability of the state to compete in
the industrial and agricultural camunity. All segments of Iowa's society
invalving service-related employment, agriculture, and industry, are impacted
by energy costs and availability.

The most olwious means of enerqy reduction is energy conservation. More
efficient use of enerqy resources available in Iowa (i.e. coal, wind, hydro,
solar, qasohol, biomass) can have a significant impact on the cost of
production/distribution factors as fossil fuels begin to diminish in the
twenty-first century.

The revised IDEAS were developed by classroam teachers who realize the need to
provide students with an enriched curriculum. Iowa's tradition of excellence
in education has always pointed toward an improved future for our youth. IDEAS
will provide the creative educator with a nultitude of activities fraom which
they can choose, adapt, and improve.

The professional educator who us:s IDEAS may adapt the activities for any
classroom setting. Students will be given the basis to form an enmerqy
attitude, ethic, and philosophy which will serve them and the citizens of Iowa
throughout life.
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SCIENCE

INTROTUCT TON

— e e -

The scientific cownunity has always concidered the study of enerqy to be of
prime imgortance, whether it be in the fields of chemistry, astronamy, biology,
geology, or physics. Unforturately, the study of erergy in science has
frequently not included the issues and impacts of energy use. Those areas have
traditionally been concerns of "social scientists.® It is clear that we as
educators must deal with the application of science principles by focusing on
issues that will affect students in the future. Energy literacy is essential
for a generation of citizens who will be called upon to make decisions
affecting the resources and health of Planet Earth.

The 24 collected activities are designed to:

l. present enerqy laws and principles in an interesting manner, and

2. develop student skills in acquiring information and making

well-infomed decisions about eneray issues.

They are intended as a starting point or idea bank for the study of energy.
You, the teacher, should adapt the activities to suit local neds and
equipment. An effort wac made to avoid duplicating activities between the six
subject areas or the 6-12 IDZAS. You will find many additional activities well
suited to the science classroam in other IDEAS packets.

The evaluation of student progress is an important indication that the
objectives of a lesson have been met. You may wish to use the stated
objectives at the beginning of each activity as a basis for developing test or
quiz items. You may also wish to give the students a participation grade for
the activities. Credit is appropriate if a student brings in materials. Same
activities, which do not nave a specific objective easily written as a test
item, may be given a campletion grade. Although students who follow through
with a complex series of decisions have accomplished a task, it is hard to
eval uate their decision-making or prohlem-solving growth with multiple choice
tests. A combination of many evaluation methods will encourage the self-esteem
and success of every stucdent.

To prevent unneces-.ary duplication of materials already available, the
solar activities of the New York Solar Energy Curriculim were not included.
Flease write to them zt the address provided on the Resource page for a wealth
of solar activities.

Finally, it is hoped that you will use the learning cycle strategy and
incorporate energy issues into your science courses. It is an important aspect
of student learning experiences which will assist students in developing
problem-sclving and decision-making skills.

Pegqy Steffen
Contemporary Science
Ottumva High School

@)
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S1
Renemable vs. flon Renewable Rescurces

SBRIBCT Science LEVEL 6 - 12

ACTIVITY IN BRIEF

Students compare the flow of water through plastic tubing to renewable and
non-rencwable resources.

CBJECTIVE

At the end of the activity, the student will be able to:
1. Campute rates of flow with simple mathematical procedures.
2. Explain exponential growth.
3. Collect data and graph an exponential growth curve.
4. Identify what factors regulate resource consumption.
5. Distinguish between renewable and non-renewable resourcss.
6. List ways in which to decrease or minimize fuel consumption.
7. Discuss the locations of and amounts in the reservoirs of non-renewable
resources.

MATERIALS TIME

graduated cylinder 1 class period
2 or 3 pieces of flexible plastic tubing
of different diameters each about 3 feet
long (1/8, V/4, 3/8, 1/2" inside diameter
recommended)
2 large jars, ajuaria, or buckets
stopwatch

LEARNING CYCLE

MIARENESS ~ This activity is intended to focus attention on the concept of
renewable resources and rate of use. It may be expanded to quantitative
analysis later.

OONCEPT DEVELOPMENT - The teacher may opt to demonstrate a shortered version of
the water activity as the awareness part of the learning cy.le and then have
the students design an experiment which will test the rate of flow vs. tube
dianeter. After graphing data from /8, 1/4, 3/8, and 1/2" tubing they will
have an exarmple of exponential growth. Have students review, read, report and
be tested on the concepts of renewables and rate of use. Discuss how the
reservoir and flow of water compare to those of fuels.

Example l.: water or hydropower (and the sun) - reseivoir can be refilled by

&r]eci itation e.g. the water cycle, if the precipitation comes as expected,
at happens in case of drought?

11
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Example 2. Fossil fuels and Uraniuvm - Nature's rate of manufacturing these is
so slow that the reservoir is not refilled like water is. Ask students to
determine what factors influence rate of flow. ‘

S2

APPLICATION - Have students brainstorm ways in which the American lifestyle
could be changed to use enerqgy supplies more slowly. Students should try one
of their suggestions for at least one week. Bave them reflect on their
experiences. Coupare lifestyles of cultures with differing amounts of energy
consumption.

FOLLOW- UP/BACKGROIND INFORMATION

Small increases in the diameter of the tubing make sizahle increases in the
rate of flow. To calculate the rate of flow:

Rate of Flow = volume delivered (ml)
time (sec)

Other variables to be investigated are circumference of the opening, surface
area of tube in contact with water, (surface arca = circumference x length, or
length x diameter pi), frictional forces, and gravity.

"which Should I Buy?," Project Learning Tree, p. 149-151. “You've Ccme a Long
Way, Maybe,™ Project Learning Tree, p. 164.

SOURCE OF ACTIVITY
Adapted from I.D.E.A.S. by Nancy Toll. ‘
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Henewable vs. Nlon Hepewable Resources

ACTIVITY

Set one contairer on a desk or trtle and fill it
nearly full cf a measured mmount of water. Mark
it with a sign that says "World Energy
Resources". Put another container on the floor
nearby. Fill one of the pieces of tubing with
water. Put one end under water in the upper
container. BHold the other end cloeed until it is
lowered into the floor-level container. Have a
student secretary record the time as you release
this hose and water begins to flow into the lower
container. Instruct the secretary to also record
the time when the water stops flowing.

Discussion:

l. Compare the water flow to energy flow.

2, If the water represented "fossil fuels", could the upper

reservoir be refilled? Why?

3. If the water represented solar or wind energy, could the

reservoir be refilled? Why?

Qlolololgiololaiololoiioleio

S

4. Bow can the flow be slowed or increased? Take data on your idea.

5. Does raising one of the buckets affect the rate of flow?

6. Summarize how the water flow is analogous to energy flow.

7. What factors influence the rate of flow and the rate at which the

reservoir is refilled?

13
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Humpty Pumpty's Dilcmma

SIBJECT Sciencs: LEVEL 6-8

ACTIVITY IN BRIEF

The student will look at an example of the Laws of Thermodynamics by comparing
the dilemma of Humpty Dumpty to energy.

CBJECTIVE
The student will be able to state the two Laws of Thermodynamics.

First Law of themodynamics. When heat is converted to another fomm of
enerqy or when other forms of energy are corwerted to heat, there is no
total loss of energy. In ary change of form, energy is lost to us as heat
energy, but the total amount of enerqy remains the same.

Second Law of Thermodynamics. Heat flows from objects with high
temperatures to objects with lower temperatures.

The Law of Entropy is the restated Second Law of Thermydynamics. A natural
process always takes place in such a direction as to cause an increase in
the entropy of the universe. (Entropy describes the disorder of a system.)

MATERIALS TIME

1 raw egg painted with a face 1 class period
(clothes, ams and legs are optional)

1 trash can liner

stack of books

LEARNING CYCLE

NIARENESS - Students will use the egg analogy to begin their development of the
concepts. Before Humpty falls ask them to think about how Humpty and enerqy
are alike. Then complete the rest of the activity.

OONCEPT DEVELOPMENT - Reinforce the concept by discussing several other
examples of the Laws of Thermodynamics. For example, show students a large jar
of water and a small dropper full of food coloring. Present them as organized
naturally concentrated materials. Add the food coloring to the jar and watch
the dispersal wntil it is evenly distributed. The jar has now gained entropy.




S6
APPLICATION - All forms of energy, when converted create waste heat. When work .
is done. heat enerav is a by-product and is lost to us as usable energy. Since

|
we cannot create more energy in the universe, what we do use becomes more |
diffuse and unusatle. Imvolve students in an activity designed to make them |
aware of our throw-away society such as measuring the amount of trash their

camily produces in one week, or listing things that are routinely thrown away

which might be recycled.

POLLOW-UP/BACKGROUND INFORMATION

See "Paper Consumption," ™ould You Like That Wrapped," "And a Side Order of
Paper," from Project Learning Tree.

SOURCE OF ACTIVITY
Adapted from I.D.E.A.S. by Peg Steffen.



Humptg Dumpty's Dilemma

ACTIVITY

Humpty Dumpty sat on a wall,

Hompty Dumpty had a great fall.

All the King's horses and all the King's men
Couldn't put Humpty together again.

Set a dressed~up raw egg on top of a stack of books covered with a
trash can liner. Ask the students to think of Humpty as an enerqy
source. Be is a well-organized, neatly packaged arrangement. BHe also
has potential enerqy because of his height.

After the fall, the arrangdement is very disorderly and
unrecognizable. Because none of the camponents were lost, there was
conservation of energy (First Law of Thermodynamics: Energy cannot be
created or destroyed). Humpty resisted human efforts to restore his
original state, in keeping with the Second Law of Thermodynamics (The
entropy or disorderliness of the universe is constantly increasing).

If he knew he was going to fall, could Humpty have put his potential
enerqy to use? Students should brainstomm a variety of ways Humpty
might have changed his potential energy into useful work. Draw or
. i make models of their ideas for hamework. You may wish to use the
border on this page to provide a backdrop to their original designs.
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Candg Bar Energg Conversions

S®BJIECT Science LEVEL 6 -8

ACTIVITY IN BRIEP

Students analyze an ingredient fram a candy bar wrapper to determine how energy
is converted during the processing.

CEJECTIVE

Students will explain that forms of energy can be corverted and that enerqy is
lost in the formm of heat during those conversfons.

MATERIALS TIME 1 class period

1 candy bar per group of strdents
(Make sure ingredients are listed on the wrapper)

LEARNING CYCLE

BIARENESS — Students should be familiar with the forms of energy before
starting this activity so a brief discussion of light, heat, chemical,
mechanical, electrical enerqy is in order.

CONCEPT DEVELOPMENT - If the activity is done in class without reference
materials encourage students to choose an ingredient they are somewhat familiar
with in temms of growing and processing.

If you are lucky enough to have encyclopedias or reference materiais at hand,
this would be a good library exercise. Another option is to assign the
students to look up the processing as homework and bring the information to
class to complete the activity. You may also assign the entire activity
outside of class.

APPLICATION - Follow-up questions.

1. What has happened to most of the excess heat energy?

2. How has the total supply of energy available in the world been diminished
by the production of your candy bar?

3. It is common for manufactured goods to require more energy in than is
useable out. Is this true with the candy bar?

4. A typical candy bar has 250 KCal. How might the body use that energy?

5. What night be done to cut down on the amount of energy consumed in the
candy bar example?

6. What are some ways we can reduce our energy consumption from manufactured

goods? Give specific examples.

17
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FOLLOW-UP/BACKGROUND INFORMATION

Enerav in Societv, Ontario Ministry of Education, p. 16-23, "Food Processing,
Packaging, and Storing." "Biography of a Favorite Thing, " Project Learning
Tree, p. 152. "™Would You Like That Wrapped?, " Project Learning Tree, p.
157“1600

SOURCE OF ACTIVITY

Adapted from Energy in Society by Feg Steffen.
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Standing on the Edge

SBJECT Science LEVEL 6 ~8

ACTIVITY IN BRIEF

Students will build a potential enerqy device to rescue friends from a
dangerous pit.

(BJECTIVE
Each student will be able to:

1. Explain the interrelationship between potential and kinetic energy.

2. State examples of energy conversions.

3. Propose reasons for the conversion of energy in manufacturing, or in
farming, or in construction, and justify them.

MATERIALS TIME

lengths of string 1 meter long (1 per student) 45 minutes
scissors (1 per 2 studencs)

two paper clips per student, tape

timer or watch

pencils or pens as trees (students may provide)

LEARNING CYCLE

NAARENESS - This activity is exploratory in that students will wrestle with
making a device to solve the problem. Resist the temptation to give them hints
or helps. After the time limit, have each student share their solution. This
allows for everyore to see many ideas and synthesize more. See sample solution
on this page. ‘

OONCEPT DEVELOPMENT - Discuss the idea of potential energy (the tree at the
top) and its usefulness in the situation. Go on to identify the changing of
potential energy into kinetic energy as the tree falls. Explain that energy
has been converted. Only when enerqy is converted is it aseful to us.

APPLICATION- Have students think of other situations in which potential eneray

devices might be useful. Such as, "How might very heavy 'drawbridges' that lay
across moats of old castles have been operated by one person using a potential

energy device?"

You might have students brainstorm a list of energy sources that contain
potential energy (petroleum, wood, hydropower, tides, coal). What must be dore
to make them convert their potential enerqy into kinetic energy?

Cut out pictures of machines from newspapers and magazines. How do they turn
potential enerdgy into kinetic enerqgy?

20
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FOLLOA-UP/BACKGROOND INFORMATICN

Engineering in the Ancient World Landels, J.G. University of California
Press, Berkeley. 1978

SCURCE OF ACTIVITY

Engineering in the Ancient World Landels, J.G. Univorsity of California
Press, Berkeley. 1978

Activity adapted fram Activity Set 8: Potential Enerqy, What Is Eneray?,
Ministry of Education, Ontario, by Joseph Riesselman.
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You and two other scientists (Sam and Sally) are traveling alone in one of the
most remote jungles of the world searching for a rare black and white orchid
plant. Sally spots the plant and just as she reaches down to examine it, the
ground gives way under both Sam and Sally. They fall into an underaround cave
many feet deep. They call up that there are many snakes, spiders, and creepy
crawlers dovn there and would you please get them out as soon as possible? A
shout fram tham alerts you to the fact that there is a gas seeping around your
friends. No Time To Lose!!

The only equipment you have is a long rope, two hooks, and an axe. 7Your
partners are tco heavy for you to 1ift out directly just using the rope.

Your problem is to 1ift them without going intc the cave. You need to plan a
potential enerqy device using the equipment you have and rescue the expedition
fram disaster. Can You Do It?

Your teacher will give you a rope (string), 2 hooks (paper clips), and an axe
(scissors). Use the floor as the bottan of the pit, and the top of the desk as
the top. Cut out the figure an this page and put it in the pit. This is your
objective. You will have 15 minutes. Good Luck!!

fold  down
fold down
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More for Less

®

SUBJECT Science LEVEL 6-8 |

ACTIVITY IN BRIEF

Students will use food chains fram their school lunch menu to understand energy
flow and to begin activities that emphasize wise use of energy in food
preparation.

BJECTIVE

Bach student will describe the concepts of food chains, enerqy consumption, and
conservation measures in food preparation.

MATERIALS None TIME 1-4 class periods

LEARNING CYQLE

BNARENESS - Phase 1 and 2 are an introduction to the food chain concept and the
principle that energy is lost during each energy comversion on the food chain.

‘ It is also a chance for students to look at how their food is prepared and the
energy consumed along the way.

OONCEPT DEVELOPMENT - In Phase 3, the students are asked to compare energy
requirements in tems of cooking. For ease of calculations, a typical
conventional oven reguires 3.8 kilowatts during 60 minutes of operation while a
microwave uses 1.5 during the same time. On a low setting a crock-pot uses
.075 kilowatts per hour. On high it uses 1.5 kilowatts. If you o not wish to
take the time to have the students cook and time, these figures may be helpful
in calculating relative energy consumption.

APPLICATION ~ Ask the students to brainstorm conservation ideas about food in

Phase 4. (A list of brainstorm ideas is below)

1. Plant your own fruits and vegetables.

2. Collect plant refuse as compost which can be used as fertilizer,

3. Feed your pets from leftover food.

4. Eat lesc candy and processed food and more fruits and vegetables. Bwy
fewer convenience foods. (IV dinners, pre-cooked foods, etc.)

5. Purchase items in bulk.

6. Find a way to re-use food containers.

7. Use food-preservation technigues such as canning and drying.

8. Cut down on the use of meat.

Once a list has been generated the students need to put the list to use.
It is suggosted that students make posters or produce a pamphlet. You might
have them write a story about a family that uses the ideas, or have the
students try one of the ideas for a time at hame. Whatever you decide, make
. sure that the students do more than brainstorm and list. You will ensure that
the infomation will be remembered for a much longer time.

Q 23
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FOLLOW-UP/BACRGROOND INFORMATION

The Iowa State Extension Service will have information for this activity.
Magazines such as Organic Gardening and Mother Earth News are als» good
sources.

Diet fcr a Small Planet by Francis Lappe (fram Ballantine Books) includes
Information and recipes for saving energy by eating lower on the food chain.

Sane other ideas you might explore are:

1. Identify ways in which enerqy is wasted at fast food outlets.

2. What other methods of food purchasing and packaging would result in energy
savings?

3. Do a controlled experiment on cooking in covered vs. uncovered containers.

4. Imvestigate the enerqy requirements needed to produce ready to eat products
versus meals made fram “scratch."”

SOURCE OF ACTIVITY
Adapted from I.D.E.A.S. by Peg Steffen.



More for Less e
Name

FOR THE STULENT

Energy conservation is not limited to using less electricity, or buying less fuel
for your family car. You will investigate the energy requirements of the food you
eat.

Phase 1:

Trace the enerqy route of today's school lunch fram the sun to the student
consumer. Since this may get complicated with too many food items, limit your
diagram to four elements of the lunch, such as vegetable soup, bread, cake, milk.
Sameone in the class may have to imquire about whether the items were furnished in
cans or whether they were made "on site".

! After you have finished the diagram, circle some areas that could be changed to use
' less energy.
What food items seemed to take the most energy to eventually serve to students?

Make a menu for 3 days' time that include items with low energy needs.
Would these menus be acceptable to other students?

Phase 2:

in the exercise above, you made a simple food chain that might have been fram the
first energy source, the sun, to vegetation, to cattle, and finally to man. There
: were many other steps as well.

A general principle to remember about food chains is that with every conversion of
enerqy from one step to another there is a loss of energy. The shorter the food
chain, the greater the percentage of solar energy that is available to the human
consumer. Plant protein requires less energy input than does animal protein. That
means that whole grains and lequmes (beans, lentils, peas), when substituted for
4 meat or used as meat extenders, conserve energy. Milk, cheese, eggs, fish and
poultry require less than 20% of the energy input required for beef cattle and
produce the same amount of protein. So more "efficient”™ eating would usvally mean
menus 1ow in grain-fed beef, high in vegetable and animal produce substitutes.

List same ways in which Americans might reduce the amount of animal protein
consumed.

Q 25
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Phase 3:

There are a variety of ways in which food can be prepared or cooked. Choose a
simple one-pot meal and compare the cost of cooking it in a conventional oven, a
microwave, and a crock-pot. You will find the number of watts consumed per hour on
the appliances. In order to have adequate comparisons, you might try cooking the
meal at hame or in the hame economics lab to obtain accurate times. Which method
used the least amount of enercy?

LA PR o
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Phase 4:

In addition to the conservation measures mentioned above, there are many things that
can be done to reduce both the cost of food and the energy required to produce and
prepace food. Brainstorm a list of ideas and prepare a series of posters or a
pamphlet on energy conservation ideas to publish for your school. You might also
wish to expand your publication to include non-focd related conservation techniques
that you have learned.




water and Ensrgyg, a Orippy Business

SBJECT Science LEVEL 6-8

ACTIVITY IN BRIEF

Calculating the amount of water wasted fram a leaky faucet is the start of a
study on hydropower generation.

CGBJECTIVE

The student will explain how energy is lost from leaking faucets and how
electricity is generated fram hydrcelectric power plants.

MATERIALS TIME

per group or students - 1 graduated cylinder, 1 - 2 class periods
pail, timer or stopwatch

LEARNING CYCQLE

NWARENESS - Part A is an exercise in calculating volumes and time, but is an
eye opener for students when the calculations are camplete. During the 10
minute wait, you might discuss world-wide uses of water, sources of freshwater,
and the body's reed for water. After the calculations are complete, follow up
with a discussion about how energy is wasted fr~m other water misuse., Have
them consider such appliances as distwashers, c.othes washers, baths versus
showers, etc. Discuss measures that might be taken to conserve both water and
eneragy.

If you use a metric measuring device, nave students use the conversion of 3.78
1/gal. to campare volume.

OONCEPT DEVELOI "NT - Part B is an introduction to lydroelectric power. Try to
emphasize the fact that a lot of water is required to produce electricity
although the numbers will spean for themselves. As an additional note, you
might find out how many liters are in a neighboring pond or lake and campare
the numbers with the students' figures.

APPLICATION - While hydrcelectric power is an energy alternative, its use is
limited and there are same envirormental impacts to its use. These are listed
below.
Limits and Impactss

1) Rely on rain and snow melt to feed the systenm.

2) High cost of construction.
3) Hinders the movement of fish.

27




S22

4) Increases the siltation of river beds.
5) Requires proper terrain.

Have the students list benefits and consequences for hydroelectric power. Does
one side outweigh the other?

POLLOR-0P/BACKGROUND  INFORMATION

Find out if there is a hydroelectric dam in ycar area. How much does it
contribute to the area's electricity needs?

SOURCE OF ACTIVITY
Adapted from Water and Eneray, Ministry of Education, Ontaric, by Peg Steffen.




Water and Energy, a Orippy Busipgss

FOR THE STUDENT Name_

®

You will investigate the amount of water wasted fram a dripping faucet. You
will also be introduced to hydroelectric power generation.

Materials you will need include a container to catch the drips, a graduated
cylinder, and a timer or stopwatch to measure the number of drips per minute.

PRCCEDURE: PART A

l. Place your container in the sink to catch the drips fram the faucet. Set
the faucet to allow water to drip at the rate ¢ about one drop per second.
2. Time the drips for one minute and take an accurate count of the mumber of
drips.

Number of Drips per minute

3. Allow the faucet to drip for 10 minutes. Measure the number of milliliters
in your collecting container.

Nunber of milliliters

4. Fram your findings, calculate how much water would be ccllected in :
an hour

1 day

1 week
. 1 month
4 year

: Convert the "month" number to liters for future use.

gallons equals liters. (1 gal =3.78 liters)

Assigmment for tomorrow:
Find out how much water your family uses in one month.
PROCEDURE  PART B.

1. Assume that the amount of electricity to operate a hot water heater for one
month is 500 kilowatt hours.

2. Assume that your family had a drip of hot water each month equal to what
you calculated in Part A. Use the "month" drip number in liters ard find its
percentage of your femily's total water use by dividing the amount of "drip"
water by the total water used.

Amount of "™Drip" water in liters

Total water use for one month in liters

Multiply this number by 500 to find the number of kilowatt hours needed to heat
the "drip" water.
Number of kilowatt hours
Detemmine the cost of heating the wasted hot water by multiplying by $.073 per
. kilowatt hour. Cost.

SR . IR 5L - - AR TR N

29




PROCEDURE: PART C

Let's imagine that your electricity is produced by a hydroelectric dam in which
falling water turns the wheel of turbines to produce electricity.

It takes 12,000 liters of wate ~~1ling 30 meters to produce 1 kilowatt-hour of
electricity. Determine how much water would have to fall to produce the
electricity required to heat the "drip" water.

Number of kilowatt hours X 12,000 = liters of falling water.




Insulation: Hot Box!l

SUBJECT Science LEVEL 6 -8

ACTIVITY IN BRIEF

Students will choose 3 insulating materials to test for insulating ability
using a cardboard box and a lightbulb.

CBIBCTIVE
Bach student will be able to:

1. List the essential elements of scientific experimentation.
2. Will identify insulating and non-insulating materials.

MATERIALS TIME
1 cardboard box per group 2 class periods
ceramic sockets with 100 watt bulbs

(1 per group)

4 themmameters per group

insulating materials such as wool, aluminum foil,
fiber glass, metal, newspaper, home insulation, etc.
scissors or knives, masking tape

LEARNING CYCLE

AWARENESS - Before seeing this activity, explain to the students that they are
going to build a new hame. Ask them, "What insulation will you use in your
hame to make it most energy efficient?" Visit the local lumberyard and find
out what is available. They might also wish to f£ind out what is present in
their own home. In small groups (3-4) have the students discuss the
insulations and pick three insulations they would like to test.

OONCEPT DEVELOPMENT - You may have students follow the directions on the front
of this activity, or have the students write their own experimental design.
(see also the alternative diagram below for the box set-up.) Review the
essential elements of good design before they start, but resist the temptation
to Girect their every move. Much is learned from mistakes! Students may wish
to alter the design such as testing rore than three materials. Students should
share responsibilities so that all temperature readings are taken during one
trial. After they have gathered data, have them identify areas which might be
improved if this was done again.

APPLICATION - 1. Have a resource person fram a building industry or fram a

pover ognnginy visit and explain R value to students. Have students campare
their findings with the information presented. The power companies or the Jowa
Energy Policy Council can furnish R value information.
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2. Have students build or draw the models of hames. What ¢ her techniques can
be used to make a house more enerqy efficient?

3. Have students build cardboard houses complete with insulation and test them

using a bulb inside the ho' se for winter and a bulb outside the house for
summer. Prepare a summary on the findings.

I NSOLATION
AR To HOLD
INSLLATION

THERMOMETER 4 UPRIGRT, {
[ 1] \] i
pox . U O -
P S Y AN e e
HEAT LAY @ I T A~ N
1 2 3

FOLLOW-UP/BACKGRCUND INFORMATION

Many activities about insulation can be found in the New York Solar Enerqy
Project. The address can be found on the page "Resource Organizations". See
also "A Comparison of Insulation Efficiencies” fram Project Learning Tree, -
179-180

SQURCE OF ACTIVITY

Adapted from Department of Energy's "Science Activities in Enerqy" by Myrna
Moore and Peg Steffen

.




{ I Insulation: Hot Box!! 527
Name i

u
You will be doing an experiment that will answer the following problem: What materials
are most effective in preventing heat loss (insulating)?
The Experimental variable is the different materials you will have to choose from. All
other conditions of the experiment must remain the same. You need some way to determine
whether a material is more effective than another and so we will measure the temperatures
before and after applying heat. Temperature change is the dependent variable. Cut up
your box like the one diagrammed here.

? 561D oo et
LEAVE Tof 5o o Dows
ONAL4 | -
BoTror! S\0E5

? Wik INSULATING
ot OPEN MATERIAL

THERMOMETER

)

S10E view

TOP VIEW  Rc i r uimDows HERE INSOLATING
MATERQIAL
Next cover three windows with insula-
ting materials. Why is one left open?
Tape a themmameter to the outside of
each insulating material. Hang one
into the center of the open window.

Make a data table to record the rise in THERMOMETER el A

temperature for the different materials. THE VANP
A sample is shown.
Record the starting temperatures of all windows. Place a light in the center of the box
and turn it on for 5 minutes. Record the rise in temperature for all insulations.

What d- you conclude about the effectiveness of the insulation types you used?

TYPE OF MINUTE TEMPERATURE
MATERTIAL
Start Start
A, 1. 1.
2. 2.
3. 3.
4. 4.
5. 5.
Start Sta~t
B. 1. 1.
2. 2.
3. 3.
4. 4.

5.




Electric Luzuries/Ilecessities

SUBJECT Science LEVEL 6 -8

ACTIVITY IN BRIEF

Students will survey their home for electrical items and then discuss why scme
might be considered luxuries and same necessities.

CBJECTIVE

During the activity, the student will examine his/her Gependence on
electricity. At the end of the activity each student will be able to 1)
describe what electrical items constitute a necessity, and 2) will explain a
lifestyle which uses less electricity.

MATERIALS TINE
None 1 class period
LEARNING CYCLE

BAARENESS - Students should list all electrical items in the initial survey of
their house.

OONCEPT DEVELOPMENT - During the discussion, students should explain why they
consider some electrical items to be luxuries and others necessities.

In question 4, have students consider handicapped persons whose lives are made
easier by electrical appliances, and how people depend on electrical life
support systems.

APHLICATION - Examining lifestyles from other countries is a good way to
complete this activity. You might simply finish with the last discussion
questions or you might assign the students to investigate a lifestyle of their
choice and report on how energy is used.

POLY,OW-UP/BACKGROUND INFORMATION

»The 'Good' Old Days," and "A Voyage Back in Time, " OUTLOOK, Deptment of Public
Instruction. "A Simpler Life,® Project Learning Tree, p. 173.

SOORCE OF ACTIVITY
Adapted from I.D.E.A.S. by Marjorie Gowdy and Peg Steffen.
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Electric Luxuries/Ilecessities ,30
ACTIVITY: Name D
8
1. Make a list of all electrical items in your home. Where possible, list the l[)
number of watts that each item consumes. Indicate how many hours per day an @
item is used. ![b
f
Sample data Table: .DO
{
Electrical Item Number of Watts Hours used/day )
4
2. As a class you will fill out two columns, one for luxuries and one for 'Dﬂ
necessitites. Give the teacher electrical items from your list for the columns. 'D
3. As a class, vote on the five items fram the necessities column that would make EG
your life difficult if you had to do without them. Vote on five items from the  f})
luxuries column that would be easy to live without. 'bd
Discussion questions: ‘ C]
1. Were you surprised at the list you generated fram home? jbﬁ
0
d
2. How are these items a help to us? D
4
3. How did you decide that some items were a necessity? {[;J
B
4. What people might find some items that we consider a luxury to be a necessity? ‘I@
D
!d
5. What alternatives can be used in place of some the luxury items? }d
D
i )
6. Describe the lifestyle of a family who uses no electricity? 'DG]
|
D

B

7. What things can we do to cut down on the amount of electricity we use? ]

(@
0
8. What lifestyle changes would we have to make in order to drastically cut down on K&
the amount of electricity consumption? [)G
|
¢

SYaTANTET TATATATATA TS TATATATATATATTA
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SIBJECT Science LEVEL 6-8

ACTIVITY IN BRIEF

The students will have a variety of solar experiences to prepare them for the
final activity, designing a solar cooker.

(BJECTIVE

Each student will be able to illustrate the elements of solar design and will
describe practical uses of solar energy.

MATERIALS TIME
Indicated on each activity 1 - 2 weeks
LEARNING CYQLE

BAARENESS - Activity 1 is intended to spark student interest and to involve
them in simple soiar design. This should be limited to on2 or two class
periods. Then move on to other activities that will reinforce what they have
discovered.

CONCEPT DEVELOPMENT - Activities 2, 3, and 4 are exercises to show students
ways in which solar energy is used and elements of solar design. You may do
any nunber of these depending on your time frame. An idea to save time and yet
expose students to all activities, is to split the class into groups, each of
which is assigned a different activity. At the conclusion, each group reports
their findings to the class.

Special notes about Activity 4: A Solar Still (Solar Desalinizer): You may
substitute a plastic shoe box in place of the large glass jar. Do not expect
results in a sindale class period. Try to find a wam and sunny location where
the still may sit for a least 24 hours. Eventually a mist of fresh water will
oollect on the surface of the plastic and same will drip into the Qlass.
Should cloudy weather prevaii, a sun lamp will get results more quickly. This
is not recommended because students get a false impression of easy, instant
results.,

If an area of the schoolyard is available for digging a shallow pit 30-40 cm
deep, students may construct a basic survival still using a clean jar, beaker,
or can for the ccllector and a piece of plastic storm window sheeting for a
cover. Set up as illustrated. Water tends to cling to plastic so a relatively
steep incline is important to get droplets rolling. Mark the hole so0 no one
will accidently step into it. Let the still set undisturbed for 2 to 24 hours.
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APPLICATION - Activity 5 is included to give students a chance to design and
test a solar device using the principles they have been exposed to. As an
option, you may have students design a passive solar house and construct a
simple model. For additional free information, contact the Iowa State
Extension Service in your count;, or the Iowa Extension Service, Iowa State
University, 110 Marston Ball, .mes, Iowa 50011. Iowa Energy Hotline:
800-532~1114.

EVALUATION - 1) What are three ways in which passive solar energy might be used
by individuals? 2) What is the effect of overhang on the amount of sun that
strikes a window? 3) What components are used in the design and construction
of solar cookers?

FOLLOW-UP/BACKGROUND INFORMATION
You will find many excellent solar activities and information fram:

So... 80's, Florida Solar Energy Center, 300 State Rd. 401, Cape Canaveral, FL
32920

National Solar Heating and Cooling Center, P.O. Box 1607, Rockville, MD 20850

SSolar Enerqy 1I," from Science Activities in Enerqy, American Museum of
Science and Energy, P.O. Box 117, Oak Ridge, T™N 37830

Secondary Solar Enerqy Education Curriculum, Solar Energy Project, SUNY at
Albany, 1400 Washington Avenue, P.O. Box 22100, Albany, NY 12222

SOURCE OF ACTIVITY
Adapted from I.D.E.A.S. by Fred Worrell, Bernard Hermanson, and Peqg Steffen.




Solar Petpourri

Experiment 1: Solar Egg Cookery

Materi: s you will need; square metal plates large enough to hald a frying
egq, eggs, styrofoam pieces, cardboard, aluminum, glass panes, plastic wrap.

A. Place the plates in the sin. Allow time for the plates to heat up. Try to
fry an egg on the plate. Take note of cooking time.

B. If your egg did not cook or took too long to fry, brainstorm ways to
increase the speed of the solar plate. Improve your plate and make a drawing
of your final design.

C. Cook another egg and compare the time with your first attempt. Are there
any improvements that would increase the cooking time even yet?

Experiment 2: Solar "Shades"

Materials you will need; several cups of ice cubes, a wocden board 18" x 127,
glass bottle with 1id, heat lamp or sunlight.

A. Put one cup of ice cubes inside the glass bottle. Place the wooden board
over the bottle to simulate different overhangs as shown below.

B. Place a small heat lamp high over the bottle to simulte the summer sun.
Record the time to melt the ice cubes for each of the two summer overhangs.
(Move the piece of board to simulate first a large overhang and then a small
overhang.)

C. Do the same for the winter sun, only reduce the angle of the light rays to
the horizontal plane.

D. What is the effect of an overhang on protection fran the sun?

no overhang




S36

Experiment 3: Solar Fruit Dryer

mMaterials you will need; a large cardooard box, 3 metal coat hangars, wire
screening, plastic wrap, black spray paint.

A. The design is pictured below. Make improvements as you see fit.

B. After campletion, test your dryer out with a variety of foods.

C. Calculate the energy saved by solar drying foods as compared to storing in
the freezer or canning.

Box is lined @itk Block
poper or epreyed bieck. -

' Saren wrap or
® clear vinyl ot 45
4,5" \ degrees
Bylon screrniag over " 4
boagers forms rack. ST 3 cost hasgars
R formm irait rack

6" from bottom

Venlilation slots on both sides of
box, high ead lovw.

Experiment 4: Solar Still

Materials you will need; a glass bowl or large beaker, table salt, plastic
wrap, drinking glass or small beaker, marbles, newspapers, rubber band.

A. Prepare salt water using 3.5 g table salt for every liter of water.

B. Wash and dry marbles so that they are clean.

C. Organize the materials as shown in the diagram. Put same marbles in the
beaker to keep it fram turning over. Put the plastic food wrap loosely

aromnd the top. Secure the edges with tape or a rubber band. Then put one
marble on the wrap so that it dips significantly over the small beaker.

D. Put the still on newspapers (for insulation) on the ground in direct
swnlight. Leave it undisturbed for an hour or more. You can leave it
o ernight and reclaim 24 hours later if you have a quiet location.
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Solar Still

' __plastic cover

' 3 (depressed at
34° angle)

salt water
~

/

| _weighted glass

\

— newspapers

Questions:
1. Notice the appearance of the plastic cover. What has happened?

2. Remove the cover and examine its underside. Put same drops on your finger
and taste it. It tastes like .

3. Remowe the glass. Carefully take out the marbles. Examine the remaining
contents. Wnat is it?

4. How did the "new" material get into the glass? Was work done?
5. What does "distillation" mean?

6. Find cut how this "desalinization" is done around the werld. Where are
people most interested in getting fresh water from salt water?

Experiment 5: Solar Cooker Design

Your assignment is to design, construct, and test a solar device to perform a
specific function useful in the preparation of food or drink. You can use
elements of activities we have done, but you must make improvements and
redesign where necessary. Your teacher will tell you whether to work in groups
or individually. Construction will take place outside of school so that your
design is secret until the day of final urweiling. You will be responsible for
finding the following before you turn in your project:
l. Food or drink intended for use in cooker.

2. Maximum temperature achieved.

3. Time for cooking under optimum conditions.

4. Cost of the device.

5. Improvements you would m...e next time.
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ACTIVITY IN BRIEF

Etudents create a visual representation of the enerqy consumption of the U.S.
canpared to other countries of the world.

GJECTIVE

Each student will 1) compare the U.S. consumption of enerqy to that of the rest
of the world. Students will 2) at the end of the activity, examine their
lifestyle to detemine ways in which to cut down on the number of "hidden

helpers".
MITFRIALS TINME
Poster board, white butcher pape:, 1 - 2 clasc perinds

magic markers, crayons, rulers,
ald magazines, glue, tape, scissors,
paint, graph paper, coastruction paper

O LEARNIIG CYCLE

AMAARENESS - This activity is an awareness activity for the students to examine
the data and draw conclusions. Afrer the construction of the pictures, have
the students explain their creations to the class. This will help them to
verbalize their thoughts and to hear what the others thoucht about the data.

ONCEPT DEVELOPMENT ~ Class Discussion:

1. In many ways our energy helpers have served us well, carrying us rapidly
around the world; bringing delicecies from long distances, like coffee fram
Africa and pineapples fram Mexico; producing durable goods, plowing fields,
carrying messages, and resculpturing the earth. What changes in our lifestyle
will have to happen in order to cut our number of energy helpers in half?

2. What do you think will happen to the number of hidden helpers if scarcity
makes them mcre and more expensive? Who will have the most energy helpers?

3. What do you think will happen to the number of helpers we have if the rest
of the world starts consuminy enerqy as fast as we 8o?

APPLICATION ~ Bave the students use the accompanying "Lifestyle Survey” to
detemine here much of the enerqy is used. Have them list suggestions for
changes that wouid have a significant effect on the amount of energy consumed.
Have them choose one suggestion and try it for a week What is their reaction?

SCQURCE OF ACTIVITY

Adapted frem I.D.E.A.S. by Peg Steffen
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Hidden Hslpers

pMame -
ACTIVITY:

Visualize a ration of 2500 calories/day as equivalent to the average well-fed
person's consumption in food. Call this one human "person power". ‘Then the
average daily energy consumption of people in various countries can be compared
, to having amies of hidden helpers moving and shaping the envirorment.

In many countries there is little commercial energy available and the main
sources of power are people and firewood. 'The People's Republic of China is an
example of a country that relies heavily on people~power for agriculture and
major construction projects.

Use the following chart as background information to Gevelop a visual image of

how Americans consume enerqy in relation to the rest of the world. You may
make a poster, collage, cartoon, graph, storybook, etc.
Energy Helpers
Per Person/Day* Country Region
99 U. s. North America
51 Australia Oceania
46 Sweden W. Europe
45 W. Germany W. Europe
40 boitain W. Europe
40 U.5.S.R E. Europe
33 France W. Europe
28 Japan Asia
27 New Zzaland Oceania
5 Italy W. Europe
Israel Middle East
16 WORLD AVERXMGE
14 Argentina S. America
12 Iran Middle East
9 Mexico C. America
8 KRorea Asia
6 Brazil S. America
5 China Asia
4 Egypt Africa
2 India Asia
1 Viet Nam Asia
0.2 Kenya Africa
0.1 Nepal Asia

* U.S. ratio is based on statistics for energy consumption released by DOE.
Other countries' ratios are based on energy consumption statistics fram the
United Nations.
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SOURCES: LIFESTYLE SURVEY

Compare the amount of enerqgy used for your standard of living with that of
someone in a developing nation such as Mexico or China. In each category give an
example of how enerqy is used. Indicate whether there is M = much enerqy used, L =
little energy used or Neno energy used. The first category has been done ior you.

USE OF ENERGY U.S. UNDEVELOPED NATION
Transportatioun Plane, car, train walk, bicycle, bus
or bus L N
M
Initial Cost of

Bouse construction

House Upkeep
(lawn, paint, repairs)

Consumer Goods

(records, make~up,
hobbies, toys, TV,
magazines, etc.) (

Electricity Use
(Give Minutes/day)
*Radio - TV

*Air Conditioning
*Heating

*Power tools
*Clock, iron

*Di shwashei
*Clothes washer
*Clothes dryer
*Lights

*Sewing machine -
*Telephone

*Misc. Appliances

Qlothing

Pood (processing,
transporta’ ion, prep.)

Recreation ¢
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Energyg and Bttitudes

SIBJECT Science LEVEL 6 ~ 8

ACTIVITY IN BRIEF

Students will collect samples of media which represent energy attitudes in
Mr~rica. They will develop a plan of action to alter one energy attitude.

QBIECTIVE
Each student wiil examine public attitudes towards ererqy.

MATERIALS TIME
None 1l - 2 class periods
LEARNING CYQLE

AVARENESS - This is an awareness activity designed to have students examine the
public's beliefs and attitudes about eneray. They should also understand that
attitudes affect actions.

QONCEPT DEVELOPMENT - Students might be asked to wrif:e a short paper about
their present attitudes about enerqy and how those attitudes affect their
lifestyle and energy use. Or, they micht be assigned to develop a survey tool
and sample the camunity or school population about energy attitudes.

APPLICATION - After the students have developed a plan of action for the
activity (question 5), they should put part of it into effect, such as produce
a poster, cammercial, song, photo essay, etc. Tiese should be shared with the
class and/or with the school and comunity. You might even plan to do a media
blitz or put the students' plans into action during Energy Education Week, held
in March each year. Students should critigue the results of their plan of
action. Was it effective? How could it be improved?

Use an attitude or belief as the hub of a futures wheel (see Trends and
Consequences). Assume that this belief is the basis for everyday choices and
actions by the majority of Americans.

Research American Indian beiiefs about the use of natural resources and compare
them to widespread attitudes held today.
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POLLOW-UP/BACRGROCND INFORMATION

Discarded copies of Forbes, Fortune, New Yorker, Business Week, Time, Newsweek,
and Wall Street Journal are especially good resources for this activity if you
wish to provide same for the students.

SOURCE OF ACTIVITY
Adapted fram I.D.E.A.S. by Peggy cteffen
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Energy and Attitudes

Name

ACTIVITY

Collect ads and articles from magazines, newspapers, and reports fr .
television for 1 or 2 weeks that express values about the use of energy
materials. For each item turned in, write a sentence or two about:

a. the attitude or beliefs of the ~dvertiser or writer as stated or
implied in the ad' and'
b. the effect of the picture or text on the reader
You will report your findings to the class and/or turn in the articles that
have been found.
The class will then ‘xoduce a large chart of the attitudes found.
DISQUSSION QUESTICNS
1. What are the prevailing beliefs and attitudes of the American public today
about energy?
2. Are these beliefs and attitudes consistent with what you believe? Explain.

3. How are the attitudes affecting our energy use?

4. What steps might be taken to influence the publ: > about the need to
conserve energy resources?

5. Develop a plan of action to change one attitude presently held by the
public.
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Go With the Flow: Tharmometers and Heat

- BOBJIECT Science LEBVEL 6-12

ACTIVITY IN BRIBF

Water and Air thermameters are used to introduce the concept of heat and
temperature. Students are then asked to investigate heat storage and specific
heat.

CBJECTIVE

Each student will be ahle to list methods for measurinj the heat of their
surroundings and define the concept of heat and storage ability (specific

heat).
MATFRIALS TIME
Listed for the student in each activity. 1-2 class periods

Activity 3 also requires styrofoam cups,
a thermameter in each, ethyl alcohol,
7% salt water (70 g salt in one liter water).
: All jars that are used should be the same size
’ (peanut butter or mayo jars). The lids can be
fitted with a styrofoam lining.

Advance preparation: Freeze a thermometer in the center of each styrofoam
cup. These are the “popsicles.” You will need 1/student or group. Allow tap
water, salt solution, and alcohol to reach roam temperature before the
activity. Assign each group to do ore of 4 tests with the “popsicle.”

Group A. Control uses no solution in jar.

Group B. 100 ml of alcohol in jar.

Group C. 100 ml of tap water in jar.

Group D. 100 ml of salt solution in jar.

LEARNING CYCLE

BAVARENESS - Activity 1 and 2 are designed to give a quick introduction to the
limitations encountered in measuring temperature or the average level of heat
in a local enviromment. The amount of heat & material absorbs before it
changes a volume significantly varies with the material. Fluids generally
respond more rapidly than solids.

Expected results for Activity 1 and 2:
Water thermometer - The water will readily rise or fall by heating or ocooling.
On refrigeration the water level may go down so far as to empty the glass tube

making calibration impossible. You might note that air pressure also affects
the water themmameter as constructed because it is not evacuated and sealed as
. commercial ones are and so are more sensitive to air pressure changes.

Q 49
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Air thermameter - The balloon's change may be hard to measure. If the balloon '
was slightly inflated and attached in the coldest expected enviromment, and if R

markings were inked in carefully spaced intervals on the skin, the degree of
expansion on warming could be measured or quantified as a function of the
increased distance between those markings.

ONCEPT DEVELOPMENT - Activity 3 is an introduction to the concept of "specific
heat." You will want to reinforce the concept after conclusions have been
drawn from the activity.

Expected results:

The air temperature inside the jars will drop rapidly

during the first two to four minutes and then level

off. ‘The "popsicle® temperature remains near 00 C.

It appears that some heat ics "lost™ fram the fluids

without any noticeable gain by the popsicle or by the

outside thermameter either. Students will prohably

not notice ary change in the “air"™ jar. The question

is, "Where did the extra heat come fram in the other

jars to start melting the ice?" The ability of

materials to absorb heat is an individual characteristic

of each. The amount of heat necessary to raise one gram of a material 10 C is
called "specific heat."™ For liquid water, that unit is one calorie. For most
other substances, that unit is same fraction of a calorie. So a group of
materials at the same temperature does NOT contain the same amount of heat,
gram per gram. This concept is important in choosing materials for heat .
storage systems.

APFLICATION - Materials which are condensed or frozen release stored heat to
the enviromment without changing temperature themselves. Water, the most
widely available "heat sponge," absorbs or releases 80 cal/gram as it melts or
freezes. Water exchanges heat at a rate of 540 cal/gram at its boiling point.
These phase changes are very important when heat storage is desired, as in
solar heat’1g systems. Eutectic salts and paraffin are sametimes used because
their mel .1ng/freezing tempe-atures and accompanying peak of heat storage and
release lie in the 290-490 C range which is easily obtained by solar
collection, even on cold winter days.

Activities that you might do at this point are:

1. An investigation of themal expansion of building materials.

2. An imvestigation of active solar systems in hames and businesses.

3. The heat storage capacity of salts. (See "Storing Solar Energy in Salts
and Paraffin® in the New York Solar Enerqy Curriculum.

Available fram: Solar Energy Project, SONY at Albany,
1400 Washington Avenue, P.C. Box 22100
Albany, N.Y. 12222

SOURCE OF ACTIVITY
Adapted from I.D.E.A.S. by Peg Steffen O




Go With the Flow: Thermometers and Heat

Name

%.@

|

ACTIVITY:

You will investigate tamperature and heat with several types of materials.
ACTIVITY 1: water Themameter

Materials include an Erlermeyer flask or bottle with a neck that can accept a
one-hole rubber stopper, rubber stopper with one hole, 6" glass tubing, focd
coloring, thermameter

Procedure:

Fill the flask with water. Add food
coloring to make the water easier

to see. Using liquid soap or

glyceri ¢ as a lubricant, fit the
glass tubing into the rubber stopper
so that the lower end barely extends
beyond the stopper bottam. Put the
stopper into the flask as shown in the
sketch, forcing out any extra water.
Mark the water level in the glass tube
with a grease pencil or magic marker
and noi. the temperature on a standard
thermameter. Compare your devioe with
those of classmates.

Is the water level the same in all?
Expose the water themmameter to as many
different conditions as you can...and mark
the water level for each of these conditione. WATER THERMOMETER
Why would this thermameter not be used in

outdoor conditions?

ACTIVITY 2: Air Thermaneter

Materials you will need include a pop bottle or flask, a balloon, hot water and
ice, and a small pail. ,

Procedure:

Stretch the balloon opening over the mouth of the bottle.
Set the bottle in a pail or beaker of boiling hot water.
Either describe or make a picture of any chances in the
balloon. Next put your air thermameter into a beaker or I
pail of ice water. (You may also use a refrigerator). tliivin
Describe what happens to the balloon.

How could you calibrate an air thermometer?

How could you make an air themameter that

would be more sensitive to temperature

changes than the one you have?
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ACTIVITY 3: Heat Flow and Heat Storage

Materials: Each student or group of students
will need a "popsicle”, two small thermometers,
a glass jar in which the "popsicle” will fit,
an insulated jar 1id or a book wrapped in
plastic, and a solution assigned by the teacher
to test.

OOOEEEK

Procedure:

-

Lay one thermometer on the desk where you are working and record the "roam
temperature”. Tape a small thermameter to the inside of the glass jar with its
bulb just touching the bottom of the jar. Read the temperature and record it.
Then put a “popsicle" without its styrofoam jacket into the jar, keeping it
from touching the thermometer or the jar wall. Your teacher will tell you if
you are to add anything to the jar before you put on the insulated 1id. If you
are adding a liquid, record the temperature of the liquid before you add it to
the glass jar.

You will record the temperature of the thermometer in the "popsicle" and in the
jar every minute for 15 minutes. You will read the roan thermameter at the
same time. Record any observations and share class results. Make graphs of
the results to show the change in temperature over time of the jar
thermameters.

1. Which jar had the lowest temperature after 15 minutes?

2. What factors were kept the same (controlled) in the four different
set-ups? What was the experimental variable?

3. Try to give same explanation for the temperature readings of the
popsicle thermometer.

4., tWhich fluid is the best heat storage medium?

®

OOOOEEEEOEEEEEOTTEOE

Q

92




S51

Hot Cars and the Steamy Earth
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ACTIVITY IN BRIEF

The effect of the sun's energy 1 the temperature of car interiors is an
example of the Greenhouse Effect. Students irvestigate variables with
autamobiles and plastic boxes before discussing the earth and it's temperature.

(BJELTIVE

Zach scudent will investigate the phenamenon of the greenhouse effect and
compare the findings to the effect of M2 on the earth's temperature.

MATERIALS TIME

Thermometers, tape measures, graph paper 1l - 3 class periods
Invention activity: Plastic shoe boxes,

wax paper, white paper, hlack

construction paper

LEARNING CYCLE

BVARENESS - For the activity, use as many different <ypes of autamobiles as
possible, especially newer campact hatchbiicks and pre-1978 dusestic sedans.
Due to several variables (such as color) student data will be contradictory.

CONCEPT DEVELOPMENT - At this point, the class can go in ore or more of several

directions.

1. Try to isolate the variables of area/volume ratio as a factor that
influences the temperature of the closed up automobiles. Using plastic
ghoe boxes, each group covers up a different percent of the box with heavy
paper (all the same color). Expose to the bright sun and record the
maximm temperature.

2. Imvestigate whether color influences the temperature inside the shoe boxes.

3. Investigate the effect of coverings on temperature. (cloth 7duminum, foil,
wax paper, black paper).

Using plastic shoe boxes the students will £ind they can more easily control
the variahles. The same calculations as were done with the autamobiles can be

ne with the bOxes. By doing a series Of experimencs with the ox, the
gtudent should get a better idea of what variables are important to the
temperature increase. The sun works best as a light source, but incandescent
lamps will also work.

At the conclusion of the experimentation, introduce to students the idea that

the earth acts like an autamobile or shoe box in that traps the sun‘s heat
enerdy. This is the greenhouse effect.

o3
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APPLICATION -

1. Have the students investigate the problem of air pollution and the
greenhouse effect. What possible solutions might limit the amount of O2 in
the atmosrhere? What might happen if the greenhoi'se continues to heat up the
earth's climate?

2. Arrange a field trip to a local greenhouse. How is the greenhouse able to
manage the sun's light in maintaining growing temperatures?

POLLOW-UP/BACKGROOND  INFORMATION
A Guide to the Study of Erwirommental Pollution. Prentice-Hall, 1972

SQURCE OF ACTIVITY

Written by Dr. George R. Davis
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Cars and the Steamy Farth

Name

Haot

ACTIVITY

You will be placed in a group of 3 or 4. Each group will need a thermameter
and a tape measure. You will record the following data from an autamobile that
has been sitting in the sun.

l. Air temperature outside of the automobile (celsius).

2. Maximum air temperature irside of the autamobile with windows rolled
up.

3. Maximum air temperature inside of the autamobile with windows rolled
down.

4. Detemire by measurement the total area of glass on the autcmobile.
(in square meters)

5. Determmine by measurement the volume of passenger compartment.
(in cubic meters)

6. Calculate the glass surface area to volume of passenger campartment

7. Make, Mode. and color of automobile.

. The class will organize the data and graph the maximum temperature inside the
automobiles with the windows rolled up and its glass surface area to passenger
campartment ratio.

Were any of the windows tinted?
Did it make any difference in the tempzrature?
™scuss your findings.

Suggested table for class data:
(C.W.=closed window, (.W.=open window)

Car Car Area of Yol ume AV | CW. 0. W. Air

T rpe Color Glass Ratio Temp. Temp. | Temp.
v‘ ¢
&l

(O]
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Trends and Consequences

SOBJECT Science LEVEL 9-12

ACTIVITY IN ERIEF

A future's wheel is designed to examine consequences fram the use of
technology. The students will use either an energy trend or an energy
consuming device in oconstructing a sample wheel.

CBJECTIVE

The student will explain the consequences of an enerqy trend or innovation.

MATERIALS TIME
Large pieces of paper, magic markers 1 class pericd
LEARNING CYCLE

BARRENESS - Students are frequently made aware of enerqy alternatives and
choices, but seldam are required to think akcut the consequences of those
choices. The futures wheel is a good iriroduction to futuristic thinking in
that students must project their tthmg into future possibilities. This
activity is best done the first time wiili the teacher and then as a group or
individual project. After having done one, you can assign one as a homework
assigmment. Same examples are listed below:

Television

Tel ephone

Autamobile

Computer

An o0il embargo

Increased use of coal, nuclear, hydropower, etc.

ONCEPT DEVELOPMENT - After having the wheel, have students categorize the
natuce of the various consequences. e they social, econamic, technalogical,
ervirormental, or related to politics? Also categorize the consequences by
whether they affect reople individually, whether they affect American society,
or whether the consequences have world-wide impact.

APPLICATION - You might consider using the relevance tree shown on the next
page to diagram energy possibilities for the future. Start with the top two
levels filled out and have the students complete the rest of the tree. This
activity is best done after students have been exposed to many different energy
alternatives and understand the pro and con sides to their use.

ob
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FOLLOW-UP/BACKGROUND INFORMATION

Reference: J.A. Barker, "Future Study in Curriculum Planning, " pp. 35-61 in O
The Role of Future Studies in Public Education. Misc., Pubi. of the Science
Museun of Minnesota, No. 4., St. Paul, MN 55101

SOURCE OF ACTIVITY
Adapted from I.D.E.A.S. by Peg Steffen.
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Trends and Conseguences
Name

FOR THE STUDENT

A futures wheel is a tool to help you examine possibilities and consequences of
following trends or using innovations. It is a graphic way to emphasize
complex interrelationships.

Procedure:

1. Near the center of a large piece of paper, write the name of an enerygy
innovation or trend.

Here are some possible ones for you to use
~-gasoline prices at $3.00 per gallon
-sales of wood burning stoves are up 500%
-solar heating systems are mass produced cheaply
-fusion succeeds
~electric cars are widely used.
Draw a circle or box around the item chosen.

2. Then decide on the probable consequences of this innovation or trend.
(What might happen (good or bad) if this were to actually take place?
Write each of these effects outside and around the circled enerqgy trend.
An example for "microwave oven" is shown. The initial reactions are called
first order consequences. They are indicated by the single lines
connecting the energy innovations with its possible consequences.

Meals use
less ener
No need for 9y Meazls
prepared
old oven \ A faster
MICROWAVE {
OVEN \

More / Different
radiation n oots and
environment pans needed

Less heat
wn kitchen

3. Now what are the possible effects of each cf the first order consequences?
Draw and conrect each secondary effect proposed by students with two lines
between it and the first order to which it relates. Continue this process
for about four orders of consequences, using three lines for connecting
third order ones and four lines for the fourth order.

N OEOOOOOEOEOEEO@EEEEOEO©
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Aruitoxt provided by Eic:

[Almnulvo Pollcln]

[

Increase Supply of
Potrofeum snd Ges

l

—

tncrease Elficioncy Find New Resorves Deovefop New

of Explorstion snd Sources

Extraction

® Secondery ® Otlshore o Qil shale
extfoction o  Alesks ® Tar sands

® Tertiery ¢ North See © Gasilication
extract: n of coat

®  Stripper wells ® Liquelaction

of coal

-

Reduce Demand
for Patrolgum
ond Gas

|

l

Eliminate ‘Waste

Develop New
Energy Sources

Substitute
Plantiful Fusls
for Scarce Fuels

Increuss Use of
Plentitul Energy
Forms

& Tuned ayto
enginey

o Hot weter leaks

® Unused light
ond haat

® Improved
insufation

Relevonce Troo Showing Alternative Maans of Providing

The relevance tree, like a futures whe
Reprinted by permission of th
0'Tools, copyright 1976 by the Massach

future.
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o Solar

Wind

@ Advsnced
nuclear

6 Tides snd weoves

© Ocean thermat *
gradients

o Coal, nucleer,
sohd

® Woaste from
slectriciily end
stesm

® Hydroelsctric

@ Geothermal

e Electricity tor;
transportation
maechsnical drive
ipace heating

ond cooling
orocess sigam

«n Adequate Ensrgy Supply by 1895

usetts Ingtitute of Technology.

]

-

Shift 1o Less
Energy Intensive
Processes

Raduce Cnorgy-
Consuming Activi.
tigs

Improve Efficiency
of Energy-Consum.
ing Activitiss

© Roenewable
moaterials for
petrochemicely

© Mass
trensportstion

&  Substitute lsbor

for capitel

2 Trantportetion

© Space heeting
and cooling

o AppHences

o Automobiles

© Spage hesting
snd cooling

© Recovery of
westo heet

o Materlals recyctod

© Product tongevity

el, diagrams gome energy possibilities for the near-term

e MIT Preco from Energy and .roigéﬂzgrlg_e, edited by Jamee
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Sample Future's Wheel:

Microwave Oven

More money Electric Co More Happier
to spend \ loses electricity farmly
RN INEE
\ Smaller More Less
Fewer Sell electric bill electronics screammg
ovens made N old oven TT T 171
~—L Meals use —tore Less wartin
Takes up No need for : —enerqy for ess 9
ess energy other things for food
extra space old oven I /
Special M_ore Microwave Meals made | {Mom not n
racation n Gven M faster ——tkitchen as
clothes environmen much
o h
Genes Less Heat [Need new Have to buy
‘”JE;‘;" by n kitchen pots & pans new ones
/7T N
] /N dradia- \

Birth Cooler 1n '9: r:" 18 01d ones not
Defects surnmer Sm;er used
11711 BB 11 TIT
Unhappy Use less ar| |New heating Take up
parents conditioning ducts space

) Need more

Lawsuits cupboards

Reference ] A Barker 'Futures study in Curriculum Planning,”

pp 56-611n The Role of Future Studies in Public Education
Misc Publ of the Science Museum of Minnesota, No 4 St Paul,

MN, 55101
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Energy Hide and Segk
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SUBJECT Science LEVEL

ACTIVITY IN BRIEF

Students attempt to pick up and thread colored beads (energy resources) to
detemmine the energy profit.

CBJECTIVE

Student will be able to identify the limitations and consequences of obtaining
energy resources.

MATERTALS TIME

A supply of colored plastic or ceramic 1 class period
beads of five different colors (preferable

black, red, white, hlue, yellow)

needles and thread

LEARNING CYCLE

HBARRENESS - Prior to class place the beads in the following proportions into a
small container.

Black (coal) 50% (5.0 grams)
Red (Uranium 3% (.20 grams)
White (Natural Gas) 108 (1.0 grems)
Blue (0il) 37% (3.7 grams)
Yellow (solar) a quantity exceeding coal

Match the size of all bead colors (except most yellow) to needles so that all
beads can be threaded. Threading represents the fact that current technalogy
is available to use the energy resource. Match the holes in the yellow beads
to a large needle so that most yellow beads canmot be threaded. This
represents the lack of technology to use solar energy. At the start of the
gearch, heave the canister contents forcefully towards the ceiling so that the
beads spread out over a wide area. Prepare a tahle on the board to collect the
number of beads for each color in 3 trials. In order to make the search
difficult, you may wish to hide the beads in an area cutside with grass.

OONCEPT DEVELOPMEYT -~ In most cases the number of beads collected in round
three will be less than round two and perhaps one, even though more time was
given. Discuss the diminishing 2mount of traditional enerqy rescurces and why
prices will rise as a result of availability. The Law of Diministhing Returns
fits in well. The companies invested twice the labor and perhaps the capital
yot did not do better.
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Net energy profit is what is left after one takes out what energy was required |
in gathering fram the total. If the enerqy required to gather exceeds the ‘
amount gathered then there is no net enerqy profit. . |

Campanies which divert capital to develop new resource technologies are
foregoing current income or profit. Thus, perhaps the incentives must be Jreat
to forego current opportunities.

The moving of furniture, leaves, etc. represents changes in the enviromment.
If students did not replace items moved, they did not restore the enviromment
to its original condition.

Threaded yellow beads represent the use of available technology to use solar
enerqgy (passive solar collector). The fact that most yellow beads could not be
threaded represents the fact that much technology is not now available.

APPLICATION - Have each student research the enerqy resource they were
assigned. Is it found in your state? What resources will be most available in
50 years? In 100 years? How does price affect energy consumption?

SCORCE OF ACTIVITY

Written by Dr. George R. Davis
Enerqy Tradeoffs in the Marketplace, a project of the Washington State Council

on Econamic Education. Superintendent of Public Instruction, State of
Washington. 1980 Edition

6. )
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Energy Hide and Seek
Name

ACTIVITY:

The class will be divided into 5 companies whose job it is to recover as many
beads of one color as possible in the time allowed.

LN gl teigrany)

Tgiyl

T -

5 A. Each company will receive a needle with 30 am. of thread already attached. :E
: You will be assigned a color. Each campany can collect only the bead color 2
i assigned. z
: B. You will pick up as many beads as possible in two minutes and thread them
i on the string.
5 C. At the end of the search, each company will record the number of beads 5
3 threaded on the data table drawn on the chalkboard. _§
§_ D. You will be allowed to search for an additional two minutes. Record the £
: additional beads threaded. 2
§_ E. Now you may search for four minutes. Record this last count. Sum all 3
‘ counts for each coler bead. 'z
g Follow-up Questions. %
E 1. Think of the beads as energ’ sources. Discuss which color bead represents _
3 which enerqy resource. X
é 2. What was the problem with the company assigned to collect the yellow
z. beads? What does this represent in the real world? 0
§ 3. If any company had to move furniture, rugs, leaves, twigs, etc. did they ‘?:
= put them back in their criginal location? What does this represent in the 3
S real world? =
f 4. Did any company disregard the rules and collect an unassigned color? '
: f 5. Were same enerqgy resources (beads) harder to find than other? 1Is this true ¢
today ?
f 6. Which resources are used in our community?
§- 7. Which resource is most available now? In the future?
.;:"3' oird ey’ AT O P T n‘c'n’l'l‘n'u‘uln‘l'n‘c'n‘u'l'o'ﬁl'm'u‘m'm‘w‘""l\'\'ﬂl‘h't'm‘l’l‘l'o"t'l’c‘l"\l‘l'l‘i“i'?"l’?‘;ﬂl‘l'i‘""Y‘""'\‘*N\l"'a'""‘;‘
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Black Tuesdayg

SBJECT Science LEVEL 9-12

ACTIVITY IN BRIEF

The Northeast blackout of 1965 is a dramatic example of how vulnerable we are
to breakdowns in the technology network. Through a film and magazine article,
students are given a basis to understand our dependency on energy. Finally,
they evaluate an invention for benefits and problems.

CBJECTIVE

Student will be ab.e to cite evidence for their dependency on enerqgy and
technology.

MATERIALS TIME

Movie: "Trigger Effect”, 2 - 3 class periods

Episode 1 of Time/Life series called
"Connections”. Produced by BBC and written
. by James Burke. It is available at most AEA's.

LEARNING CYCLE
BVARENESS - The film serves as the awareness portion of this activity.

ONCEPT DEVELOPMENY - The discussion questions and interaction will help
students to understand the relationship between energy and techneclogy.

APPLICATION — The assigrment will focus attention on one innovation. Students
should work in small groups and report their findings to the class. See "A
Simpler Life" from Project Learning Tree, p. 173.

SOURCE OF ACTIVITY

Adapted from teacher materials fram the "Connections™ series (Time-Life) by Peg
Steffen.




BLACK TUESDAY

The northeastern U.S. is the Megalopolis - a vast intemeshing of cities, towns, and
suburbs. It is urban faerica of the twentisth century brought to its fullest fiower
- and its fullest fragility. It is utterly dependent on turbine technclogy - a
world that runs on electricity and on the faith that one has only to push a button,
flick a switch or throw a lever to make electricity work. Electricity is its pulse,
its power. And then one night the electricity stopped.

At 5:17 p.m. in Buffalo, 5:17 in Rochester, 5:18 in Boston, 5:28 in New York the
clocks in the Megalopolis sputtered to a standstiil. Lights blinked and dimmed and
went out. Skyscrapers towered black against a cold November sky. Elevators hung
immobile in their shafts. Subways ground dead in their tunnels. Streetcars froze
in their tracks. Street lights and traffic signals went out - and with them the
best-laid plans of the traffic engineers. Airports ghut down. Mail stacked up in
blacked-out post offices. Computers lost their memories. 'V pictures darkened and
died. Business stopped. Food started to sour in refrigerators. Telephones
functioned but dial tones turned to shrill whines under a record overload. Nothing
else seemed to work except transistor radios - and radios could only share the
puzzlement and finally deliver the camforting news that the world had not came to an
end, but that almost the entire Northeast had fallen victim to its very dependence
on The System.

The System was the sprawling, interconnected grid of power networks that girdled the
region - and whan The System mysteriously broke down, the result was the most
colossal power failure in history. It was a breakdown that wasn't supposed to have
happened. Only a year before a Federal Power Camission report had pronounced that
such grids were relatively invulnerable to even nuclear attacks. Like a string of
Christmas tree lights, one power system after another blinked out in a wave of
failures cascading down from the upper reaches of the grid. The big blackout
engulfed 80,000 square miles across parts of eight U.S. states and Canada's Ontario
province and left 30 million people in the dark.

New York's blackout was the longest - more than thirteen hours in some parts. It
affected the most people; 600,000 trapped in stalled subways; nearly 100,000
stranded waiting for commuter trains that never ran; hundreds caged in elevators and
thousands penned in skyscrapers. Incredibly, the blackout stopped short of
catastrophe. There were no plane crashes; no train wrecks, no ¢isastrous fires, no
crime waves or looting sprees. And there was no panic. There were scores of auto
accidents, most of them no more than minor bumps in the snail-paced traffic.




And crime rates in the region fell well below normal. Hospitals switched to
emergency generators when they could, flashlights and candles when they could not.
At St. Luke's in New lurk after a blackout delivery, an official confessed: "I
can't tell you if it's a girl or a boy."

Transistors drew little knots of people everywhere; only radio mastered the
cammunications collapse that blacked out TV and knocked out all morning papers
except ‘the Times.

The experience was sobering for the Megalopolitans - a rather unsettling lesson in
how totally their lives are wired to electricity. The blackout stopped not only
tactories, but dentists' drills; not only subvays, but Mixmasters; not only lights,
but clocks and cash registers, x-rays and milking machines, water pumps and hair
dryers, stock tickers and stereo sets and doorbells. Electricity had become to a
stunning extent the main current of American civilization.

The prevailing view among utility men was that the blackout was a fluke that simply
shouldn't have happened. And yet, regional failures had happened before - notably a
five-state Midwest blackout that blanketed four times as much territory though it
affected only a tenth as many people. Sare thought it could happen aga‘n - that the
day might come when a failure in an interwoven natiorwide grid could black out the
entire U.S. within maments. The problem was that the grid system is efficient and
economical when it works, however disastrous results when it doesn't. "Power
interconnections are a wonderful thing," said one utility man, "but the more we get,
the more exposure we have to a major failure."

It was later determined that the power failure was caused by an improperly set
shoebox-size protective relay at the Sir Adam Back No. 2 plant operated by the
Bydroelectric Power Cammission of Ontario on the Niagara River.

The experience brings up important questions about our dependency on technology and
the electrical network. Have we allowed ourselves to become slaves to the System?
Is there such a thing as too much technology? Are you prepared for such an event in
your life? 1Is your life dependent on technology? If so, do you know how that
technology works? Could you cope if the technology was no longer available to you
on a short termm basis? on a long temm basis?




ACTIVITY Nome

Students should either view the film "Trigger Effect”™ fram th2 Connections
series or read the essay "Black Tuesday".

DISQISSION QUESTIONS
1. Wwhat was the cause of the Blackout of 19657
2. Why did the blackout affect such a large area of the U.S. and Canada?

3. What were same of the problems that developed for the cities and their
citizens as a result?

4. How might an individual prepare for the possibilities of a shutdown in our
technological network?

5. Kuwait has made the leap fram a very old style of 1ife into modern
technology in a matter of a few years. How might these rapid changes
affect the people?

6. List 6 technologies that you depend on every day. Indicate what you would
substitute if these were unavailable tamorrow.

~J
.

Explain the importance of energy in our technological worl- .

o
.

What do you think would happen to our dependence on technology if energy in
fossil fuel form were to disappear?

The assigrment: Choose same technological innovation such as the
television, car, telephone, etc. What are the benefits and problems associated
with its use? List them in a fom similar to the one shown.

Innovation

Benefits associated with its use.

Problems associated with its use.

2.
3.
4.
5.
etc.

Do the benefits of this innovation outweigh the problems? Explain.
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A Smorgasboard of Energy Alternatives

Clence

3
o
:

- .&TTIVITY IN BRIEF

A variety of activities are suggested for the student in order to focus
attention on alternate enerqy s wrces.

(BJECTIVE

Each student will be able to describe alternate enerqy sources.

MATERTIALS TIME
Resource materials 1l - 3 ~ass periods
* LEARNING CYCLE

BAARENESS - The students may not be familiar with same of the energy sources
mentioned, so allow for same exploration time until they find an idea that fits
their learning style and interests. Have them do this on an individual basis
at the start.

CONCEPT DEVELOPMENT ~ You may wish to assign the students to groups or allow
them to work in pairs, especially for such things as plays and skite. The list
provided is by no means complete. Ask that the group or student turn in a
description of what they are going to do at the end of the first day of
exploration and brainstorming. Set a time limit during which all will be able
to camplete the project. Set aside one day to share results. All other work
can be done outside of class or in class as time allows. Indicate to the
students that you will grade this assigrment on completeness and accurateness
of information about alternative energy resources. Additional points can be
given for originality, neatness, and time required fc. campletion.

APFLICATION - Students have been exposed to many possible enerqy sources for
the future. Have the students debate the pros and cons of the fallowing

‘statement: "It is the responsibility of the U.S. Goverrment to make research
and development of alternative enerdy sources a priority item of our national

budget. "

Divide .ne students into teams and set up a shortened debate format in which
each team is allowed 2 minutes for opening remarks, and then a guestion and
answer period is allowed and regulated strictly by the teacher. Be careful not
£o allow the more vocal students to monopalize the discussion. Set up rules as
you see fit with the group you are working with.

)
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FOLLG#-UP/BACRGROUND INFORMATION

Contact the Resource organizations listed at the front of the packet for
informmation about energy alternatives. Have a student lab assistant write

ietters for you Cii official D\AIOU.L m.auuucx.y for best results. See also the
resources listed in the activity "..ergy 2000."

- SOORCE OF ACTIVITY
Written by Peg Steffen.
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A Smorgasboard of Energy Alternatives
Name

FOR THE STUENT

This is a smorgasboard of ideas to choose fram. Your teacher will explain how
many are due and when.

1. F'nd out about wind power gereration and draw a scale picture or build a
model of cne that can be built and used at hame or school.

2. Campare wind machines for cost and efficiency.

J. Plan a low net-enerqy famm operation and identify areas that can be
improved by more efficient use of energy rescurces. How can alternative enerqy
sources be put to work, such as wind or solar power?

4. Design a community-agricultural complex that utilizes waste heat fram an
electrical or industrial camplex.

a@@.@.@@@@@.&@

\&9

/4
Ja

5. Build a series of solar heaters for standard size aguariums. Ccmpare the
efficien~y of the designs.

IQ

)

6. Create a photo essay of energy alternates.

Qi

7. Make a poster of the different types of geothemal energy. Include the
positive and negatives aspects.

8. Detign a passive solar hame for the Iowa climate.

9. Find out about recycling in your commnity and report about it in an
article or by using photos.

10. Diagram the process of using Ocean Thermal Energy Conversion (OTEC).

11. Write a story fram the perspective of river life that has been affected by
a hydropower facility.

12. Build and test a simple solar panel.

13. Test different heat storage miterials. Make sure you control all
variables except one.

14. Calculate the cost of outfitting a hame with enough solar cells to take
care of electrical needs.

15. Produce a play about enerqy alternatives that are available. The cast of
characters are the different kinds of energy sources.

L O
©
©
©
©
©
©
@ .
©
©
®
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The Conserver Societyg

BSWJECT  Science LEVEL 9-12

ACTIVITY IN BRIEF

Students are exposed to a life without electricity through a Peace Corps letter
from Renya. They are asked to consider alternate lifestyles and the idea of a
congerver society.

GBJBCTIVE
The student will be able to list the four elements of a conserver society.

MATERTALS TIME
none 1l - 2 class pericds
LRARNING CYCLE

A/.ARENESS - Students will have a chance to discuss a lifestyle in which no
electricity is available. Same of the students may have been in situations
witniout electricity for a short term such as camping ¢r summer camps. Ask them
to contribute ideas that were used to cope without electricity. Sc.odents may
be familiar with pioneer life as another example. Electricity has not been on
the human scene for very long. Many zdvanced civilizations functioned without
electricivy. What other energy sources did they use?

This is a good time to reinforce the idea of renewahle and non-renewable
resources. In the reading renewables include firewood, charcoal, and sun and
the no;x—renewables inci28e candles (made from petroleum), kerosene and
batteries.

CONCEPT DEVELOPMENT - After the students have had a chance to develop their
picture or diagrar. have them explain it to either a amall group or to the

class. You might share the picture that follows at the conclusion of your

sharing session. It is a Self-Reliant Homestead adapted from Mother Earth

News. They may find aspects useful when considering a plan in Part 3.

APPLICATION - The hardest part of any new idea is to sell
it to someone else. While conservation is not a new
idea, it is freguently overlooked because it is
inconwenient, or requires more time. Have the students
limit their plans to 5 or 6 ideas that can be explained.
After they have made a plan, have them list consequences
to the ideas. (What would be the effects on individuals
and society if these plans really were put into effect
in the me.r future?) List 2 consequences for each item
on the plan.

72 e
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FOLLOW-UP/BACKGROUND INFORMATION

Enerqy and Society from the Ontario Ministry of Education, p. 18 for

information about the conserver eociety.
"MOM's Self~Reliant Hamestead,? March/April 1985, The Mother Earth News.

"A Look at Lifestyles,” p. 184 Project Learning Tree.

. SOURCB OF ACTIVITY
Adapted from I.D.E.A.S. and Energy and Society by Peg Steffen
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The Conserver Societg
Name —_

Part 1.

" The following is a letter from a Peace Corps worker in Renya, East Africa to a
friend in Iowa. She is working at a school in a mountainous rural village.
Daytime temperatures do not change much throughout the year, but nights can
beccme chilly.

Dear Mary,

I'11 try to describe some of the enerqy uses here. Of course, there is no
electricity. Everyone lives in small mud and thatched huts. The only
permanent buildings around are the school and my house. Firewood is commonly
used if the dead wood can be found. They cook in their huts on the floor or in
amall round metal containers call chiko. December is charcoal-making month. A
large burlap bag of charcoal is sold for about $2.80 in U.S. dollars. This is
what is used in the chiko cookers. They use kerosene to light them. It is
also used in their lanterns. Candles are used for light, but not often because
they are expensive here. After awhile, all this becomes a way of life. Life
is very simple without eleciricity. People usually go to bed early too.

Renyans depend on the sun for so much—time, drying clothes, and crops. Of
ocourse there is no running water either. I'm the only one within several miles
who has a rain tank. It leaks and so I am dependent on the river for ny daily
water needs. Most people bathe in the river or out of a bucket.

Flashlights are a part of every household. Batteries are very expensive
and I have gone through so many. Everyone does laundry by hand then lays it on
the grass to dry. I've learned to fold mine so they don't bave too many
wrinkles. There are charcoal irons though.

Of course, with no electricity there is no refrigeration. Marv foods
simply don't need it. My eggs last about three weeks and up on ny hill, my
fresh butter will stay hard for two weeks. There is milk in cartons I buy
called UBT—it's ultraheat2d. Also margarine comes in a can and dried milk is
popular. Cold sodas are unheard of as is beer.

As Always,
Jensy
Discussion questions:

1. What renewable and non-renewable sources of energy are mentioned in the
letter?

2. What do you think Jensy liked best about her low—-enerqy situation?
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3. How has a lack of electricity changed her living habits?

4. What aspect of Jensy's life would present the greatest challenge to you if
you were in her place?

Part 2.

Assume you want to live in an uncomplicated and less energy-expensive
lifestyle. Draw a picture or describe how you would live. Consider such
things as where you would live, how you would support yourself, what type of
house you would buy or build, and how you would use less energy than you éo
now.

Part 3.

The concept of a "conserver society” was put forward by the Science Council of
Canada and is a term we hope to see more of in the future. What does this
concept mean? We have looked at a society that uses no electricity, but few of
us are willing to make the sacrifice to live without electricity’ and same
comforts in our daily life. The elements of a conserver society are listed
below. Look at them and see if the lifestyle you envisioned in Part 2 fits
into the pattern of a conserver society.

A. Promotes economy of design, that is doing with less.

* B. Favors re-use or recycliing.

C. Questions the ever-growing demand for consumer goods.

D. Recognizes that diversity in many systems such as energy and
transportation, might increase their economy and stability.
(in other words, don't put all of your eggs in one basket.)

What woula you have to change in order to fit the scenario you designed to a

. conserver pattern?

2s a class or in a small group, develop a plan %o steer the American lifestyle
toward a conserver society. Try to use a "carrot” approach rather than a
"sticl.® approach in offering incentives for change. Can you think oX some
future political or econamic incidents that might push us to the conserver

: society more quickly?

7()
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Energy 2000

ACTIVITY IN BRIEF

Students are provided with information about many fonns of enerqy
alternatives. They will evaluate 5 of the sources and write a story cr design
a city which uses alternate enerqy forms in the year 2000.

BJECTIVE

The student will contrast alternate energy sources and will evaluate them using
the criteria of pollution, technology, quantity, and other considerations.

MATERIALS TIME

resource materials, large drawing paper 1 - 3 class periods
red and blue pencils or pens

LEARRNING CYQLE

BAARENESS - Students may not have been introduced to some of these energy
resources, so you may want to provide more explanation or additional
information. You might also provide time in or outside of class to research
the five enerqy sources they are focusing on.

CONCEPT DEVELOPMENT - The evaluation of energy sources will enable the students
to make decisions based on data and infommation. They should be careful about
biased statements and opinions if they are required to collect additional
infomation. Encourage the students to consider other enerqy sources if they
find them in the literature. The list provided does not include new
technologies that may be emerging.

APPLICATION - Question three is designed to have the students use the
infomation they have gathered to emvision energy sources for the future. The
assigment may be done outside of class, but provide adequate time for
‘creativeness. One week is not too long. Encourage students, who prefer, to
work with their hands to build a model of the future city. Set aside some
class time for sharing *™e stories, drawings, and models. After the sharing
session, have students te a short paragraph about actions that need to be
taken in order for thei: .uture city to be reality. Is it feasible by the year
2000? You might wish to have students read science fiction stories and
detemine what eneraqy sources are used.

77
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FOLLOW-UP/RACKGROUND INFORMATION

Contact the Resource Organizations listed a‘“ the front of this packet for free ‘
or ixewcusivc infomation about many of the enerqy sources, Also gee "Design

With Nature," p. 183 from Project Learning Tree. Encourage students to use
Reader's Guide for current articles.

SOURCE OF ACTIVITY
Adapted from I.D.E.A.S. by Peg Steffen
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FOR THE STUDENT

and hydropower.

Energy 2000

You have been introduced to a varie

energy, their positive points and shortcomings.
still in development stages.

S83

ty of energy resources such as coal, oil, solar,
Below you will find a short description of possible sources of
Some are traditional and others are
Read these carefully as you will need this information

clhot, dry rock

Potential is great, but
actual number of sites
may be small.

later.
SOURCE QUANTITY CONSIDERATIONS
GEOTHERMAL
a)hot water Limited sites near In wide use in New Zealand,
earthguake faults or Iceland, Japan. May cause
Volcanir activity local £og or put toxic
elements and excess heat into
envirorment.
b)dry steam Limited sites Low production costs, Used in

Italy and California. Noise
of steam is ear splitting.

Hot rock 1-6 miles under-
ground is est’.mated to match
the enerqy of Alaskan North
Slope. Minimum pollution.

HYDROSEN

Produced by electrolysis
(Splitting water molecules)

Developing slowly. Requires
sizeable power input. May not
be efficient unless produced
with solar or hydropower.
Burns clean.

HYDROPOWER

Provides 15% of electrical
power

23% of world electrical
capacity depends on falling
water. Inexpensive and
relatively clean, but produces
ecological disturbances when
dams are built across rivers.

TIDAL PCWER

Enough for 40-50% of
needs if captured but
efficient sites are
scarce.,

Primitive, inefficient machin-
ery. A plant in France runs
cheaper than fossil fuels or
nuclear. Little enwirommental
impact. Peak poser demand and
peak power output seldom
match.
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WAVES

Unknown

Many experimental devices.

Varies with the wind. Hostile

ocean enviromment hamper
development. Limited sites.

OCEAN THERMAL
ENERGY
COWVERSICN
(OTEC)

Gulf stream could
supply 100 times the
current U.S. demand.

Could be cammercially avail-
able before year 2000. Oper-
ates on difference in water
temperature. Little environ-
mental impact. Artificial
upselling may benefit fishing
industry. May be cost-
competitive with nuclear.
Florida waters have potential.

NATURAL GAS

Limited and non-
renewable.

Well developed technology.
Clean burning. Efficient
transport system.

NOCLEAR

(LWR)

¢} Fusion

a) Standard Light
water reactor

b) Breeder (liguid
sodium cooled)

The uranium fuel is
in limited supply,
may last less than 30
years. (Uses U235)

Uranium supply is
unknown. (Uses U238)

Abundant fuel material
in ocean water

Requires highly skilled staff,
produces waste heat that might
be used for heating buildings.
Fuel may be in short

supply. Storage of wastes is
a problem and controversial.

Technology is present, but the
plant produces plutonium which
is used in nuclear weapons.
Poses security risk. More
efficient than LWR.

Camplex technology not yet
developed for commercial use.
Efficiency and safety unknown.

o
H

Limited, and production

will become expensive
in the future.

oy

Developed but poses pallution
problems with oil spills,
burning causes air pollution.
U.S. must import about 50% of
needs. Used in many non-fuel
uses such as plastics, rubber,
and fibers.
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b) solar cells

c) Solar themal

Abundant

Must be concentrated
by reflectors.

S85

Cheap to operate but eguipment
is expensive. Little
pollution. Easy to design
into ney hames. Storage
necessary in colder

climates.

Technology is expensive and
storage is needed. Provides
electrical power directly from
sun's rays so they only work
when the sun shines.

Still developing. Used in
France to a small degree.
Solar satellites may prove to
be more efficient.

WASTES
a) biomass

b) refuse burning

Limited but renewable

Could provide 1-2% of
enerqy demand in 5
years.

Uses digesters to convert crop
surpluses or wastes into
methane gas which can be used
in cooking, lighting, heating,
and small engines. Also
includes the production of
alcohol.

Developed but not widely
applied. Collection and
separation can be expensive.
Reduces the number of
landfills needed.

WIND

WOOD

Production estimate is

1 to 15% of consumption.

High potentiel because it

is renewable

Advanced but not widely used.
Simpler than solar-electric.
Visual pollution? High-wind
areas are not near high
population areas.
Transmission of electricity
may be a problem.

Could replace 21% of fossil
fuels in U.S. and 50% of
industrial fuel ~eds.
source of glc.al carbon
monoxide pollution. Half of
the earth's forests have
disappeared since 1950,

Major

Q
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- ]
E You now have a starting point in understanding what energy sources are available -
- now and same that might be usefu! in the future. Pick at least five scurces and -
- £i11 out the following chart to compare the nedative and positive aspects. If -
- possible, collect some additional infommation about the energy sources so that you -
= have more data. -
- -
= B
- —
= =
- Enerqy Source Envirommental Technology Quantity Other -
> Air | Water | Noise |Themal |Land -
- [__]
= =
- -
- Label the negative aspects with a red check and the positive aspects with a hlue o=
= check. Compare the number of red and hlue checks. —
- —
.=_ 1. Which of the five sources looks most pramising to you? Why? -
= =
= =
- 2. Since it is unlikely that we will depend on only one eneray soutce in the )
E future, what cambination of ideas do you favor and why? .
= =
- -
= =
= 3.. You may a) write a science fiction story in which you set up a city in the year -
— ‘2000 using any energy sources above, or b) design and draw a city showing how -
- the above enerqy sources are used to provide heat, cooling, electricity, and —
= transportation. Assume you are in Iowa for both. :
= =
- "
= =
- Scme excellent articles you might wish to use are found in Social Issues Resources —
&  Series, (SIRS) on Enerqy. Individual Articles in 1984 include: -
- 1. "Fundy's Thundering Tide: Can We Harness Its Power?" ~—'-~ ~ ——— =
- International Wildlife, Nov./Dec. 1984, pp. 34+ R o S .E
- o
= 2. "The Realities of a Fusion Future,” Science Digest, -
- Nov. 1984 pp. 71+ -
" -
- [
= 3. "Nuclear Undertakers,® Science 84, Sept. 1984, —
mo 50_59 :
an -
- 4. ®solar Power," Proqressive, Sept. 1984, pp. 32-35 E
m

-

2 &
=

-

Elill'c"illlllli WERE I MREETI AN MEEE) | WEG0) | BEEE) | GEE0G I WASU1| BAGG) i @EQEl | mARLI1HD




!llH"llll""“.ﬂ"lll'"” GROEI!I ESEI I MO0 60 CLIRRER (TIRNN [ TERRN TIIRRAR TTERRE
- S37
-

5. "The Demise of Muclear Power: What Comes Next?", Challenge, July/Aug. 1984,

L

-

"

]

pp. 38-45 =

S s
= é. "Learning to Live with Plutonium,® Science Digest, July 1084, r 40+ =
E .'7, "America's Energy Dilemma," American Legion, July 1984, pp. 18+ E
- : ]
- '8. "The Solar Travelers," Envirommental Action, June 1984, pp. 23-26 =
- e
- 9. "Darming the World," Not Man Apart, Oct. 1983 é
- 10. Energy’s Uncertain Future," Christian Science Monjtor, March 2, 1984, pp. o
- 16-17. — R -
= , =
= _—p
[ ] o
- [
= l —
= ‘ =
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= =
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The Energy Debate

589

[ wld

)

*ACTIVITY IN BRIEF

Opinions and biases abownd for energy issues.

quotations in the ™energy debate”.

which to have their ovn debate.

Students are asked t» respond to

Finally, the students choose an issue about

(BJECTIVE

Eac. student vill be able to list different opinions about enerqy resources and
their uses.

MATERIALS TIME

Resource materials that are helpful to

students preparing statements and
position papers.

1l -3 cl7.s periods

‘ TTARNING CYQLE

ANARENESS - Have students read the quotations and £ill out a chart simiar to
the one below.

Name of Author Enerqy Source(s)

referred to if any

Point of view

Agree or
Disaygree

Review with the students the campleted chart.
Have the students indicate whether they agree or disagree with the person's

point of view.

enough at this point in time.

CNCEPT DEVELOFPMENT - Bctivity suggestions:
thoose a favorite quotation and write a paragraph expiaining its key idea
or a paragraph stating reasons for your choice of this particular

1.

2.
3.
4.
5.

statement.

Simply marking with an "A" for agree or "D" for disagree is

Develop a short essay or speech including one of the quotations in it.
Write a brief rebuttal statement to several of the quotations provided.

Draw a pictoral representation of one of the quotations.
Develop a cartoon or poster about oie of the statements.

84
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APPLICATION - Set up a shortened form of a debate for the class in which one of
several quotations is the focus. Allow students to research their position out
of class, prepare statemerts of ore minute per student, and allow for
contralled discussion in which all studente are allowed to speak for a limited
amount of time. Be careful not to let a handful of outspoken students

monopol ize the debate, although same will be well suited to this type of
learning activity. Have each student summarize the arguments given on paper to
turn in for credit and to indicate vwhere they agree and where they disagree.

SOURCE OF ACTIVITY

Adapted fram I.D.E.A.S. by Peg Steffun

w?
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ard so marg” opinions showered on them as have been spawned by the great enerqy
debates. Some facts seem certain. Energy availability affects everyone. Data is
missing or is interpreted differently by various interested groups. Opinion and
priorities differ widely even among "experts". Examples of fact, opinion, prediction,
and persuasions are included in the following selected quotations. Your teacher will

Name
Seldom have people li.ing in a democratic society had so much conflicting information
% explain to you the activity expectations.

N NN B N

The United States puts 45% of its tctal energy into vehicles. To make them; run them,
and clear a right of way for them when they roll, when they fly, and when they park.
Most of this energy is to move people who have been strapped into place.

For the sole purpose of trancporting people, 215 million Americans allocate more fuel
than is used by 1300 million Chinese and Indians for all purposes. Almost all of this
feel is burnt in a rain dance of time-consuming acceleration.

SNEN B aF

Ivan I1lich

China's several hundred million (people) use iess electricity for all purposes than the
United States uses for air-conditioning alone, and the U.S. is two hundred firty times
more demanding of energy for its wet-rice culture than in China.

David F-ower

Material chrift has become almost impossible; “he system conspires against it. As a
society, we assign the highest value to our le sure and therefore a lower value to all
things that might demand our time and attention. Disposable, self-cleaning,
self-defrosting, easy-to-use, ready-to-wear, ready-tc-eat, all-purpose—these are the
adjectives that get our consumerist juices churning. No matter that the time most of

LSRRI AL 2o
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§ us save we then fritter away in front of the garrulous TV.
Caril Tucker
%
business. f)j;‘

Donald Carr

% As a social creature man will not accept amy warnings that interfere with daily

We should build the south side (of the house) loftier, to get the winter sun, and the

north side lower to kenp out the cold winds.
Xenophon

Our most optimistic estimates indicate that solar electric generating capacity might
represent about 1% of the total installed capacity by the year 2000. Despite
accelerated research and development efforts in alternative energy form, sources other
than fossil and nuclear fuels, will be supplying only about 10% of electric generation
by the year 2000—and more than half will be hydroelectric.

86 H.V. Young
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Real wealth is knowing what to do with energy.
R. Buckminster Fuller

time has came to inguire seriously what will happen when our forests are gone, when
ooal, oil, and the gas are exhausted.

58

Theodore Roosevelt

A man who cannot fill his bathtub because the water keeps running out does not need a

bigger water neater, he needs a plug.
Malcolm McEwen

We envision a new society, less despoiling, more conserving of the biosphere and the
planet’s resources. It woulC be one in which biological systems, driven by renewable
enerqy sources like the wind and the sun, would provide the food and other vital imputs

for himan coomunities.
. John Todd

There are some asmart people who think that nuclear power will make a comeback. They
point out that the U.S. cannot go on running up ever-higher oil import bills. They
arque that a widespread return to coal, as might seem logical, would involve a cost in
environmental hazards and labor problems that the country cannot pay. When these facts
are recognized, the arqument goes, the count:: will look at Chicago—where Commorwealth
Edison efficiently, cleanly, and econamically gets 45% of its power fram nuclear
plants—and say: "Nuclear is the best bet".

Jean Bridges

It is pointless to talk of tighteni 3 the safety s stems or the licensing procedures;
they are elready so tight that it has becn almost impossible to get approval for
building nuclear plants in the U.S. However carefully it is designed, a piece of
mechanica. engineering can and wili fail; however "foolproof' the safety system, it
cannot be made proof, as the nuclear industry itself says, against bloody fools. The
question is not whether accidents can be prevented; they cannot. It is whether the
public is prepared to live with accidents like Three Mile Island. It is pecfecity
prepared to live with air crashes, in which hundreds die, in exchange for mobility.
Nigel Hawkes

Another effective energy-conserving measure is recycling. Every household throws out
an average of 230 glass bottles a year (a pint of oil is needed to make one bottle' and
350 pounds of paper (three pounds represent a quart of o0il). Much waste can be
salvaged or recycled. The Scandinavians bave receptables in each building for this

purpose.
Michel Bosquet
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The Big Pag-Back

SRJIRCT Science LEVEL 9 - 12

ACTIVITY

Students will research solar collector designs and construct a working model to
be tested for efficiency and pay-back time.

GBJECTIVE

The student will be able to identify the elements of solar collector design and
use.

HMATERIALS TIME

to be determined by student design 1 - 3 weeks
(You might ask for school help on costs
if the wmits will be used later by the school.)

LEARNING CYCLE

ANARENESS - This project can be as large or small as you wish. Students may
work individually or in groups. Your time frame will dictate how large to make
the collectors. Units designed to heat entire roams will require more time,
money and effort than demonstration units. You may give them limits on
collector size. Research micht be assigned out of class. If you wish to
provide materials, the Iowa State Extension Service and Iowa Energy Policy
Council are good sources of free material. TIhare are also many fine books
available through the library system. Allow for students to test materials

or design elements on a small scale to incorporate later.

OONCEPT DEVELOPMENT -~ Students should be allowed to design with a minimum
of teacher interference. The design and testing procedure is excellent in
developing thinking skiils. (They will also learn from mistakes.)

Students may find one or more flaws in the unit during the testing.

Allow them to make corrections and retest. In order to save class

. : . . \
.time, you might assign the research and construction outside of s St
class and set aside sweral testing days at schoal to campare A
wits and performance. A sample solar collector jic pictured ™
below. . P
Vert Pop cans vert
pantad black
‘:uﬂ:’/ { O South Well % ‘6
ity /LA flow n @ D g% 2
Vents :." h :R“\,
D B o |
o
: ne Ch(
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APPLICATION — Assign students to continue monitoring the units over an extended
time period. Have them investigate other uses of solar enerqy such as
industry, faming, greenhouses, and water heating. Careers that should be
mentioned include architecture, building trades, engineering, chemistry, and
physics.

POLLON-UP/BACKGROIND INFORMATION

Many excellent solar experiments can be found fraa the Department of Energy's
Science Experiments in Enerqgy, Solar Energy Packet. Also see the New York Salar
Enerqy racket from Solar Energy Project, SUNY at Albany, 1400 Washington
Erenue, P.O. Box 22100, Albany, NY, 12222.

S0TURCE OF ACTIVITY
By John Stiles and Peg Steffen

5




The Big Pag-Back

FOR THE STUDENT:

- You will design and test 2 solar collector to be used in your school or hame.
You should plan to use air as the heat transfer -zXhanism and the unit should
have few or no moving parts.

1.

Research design elements of solar collectors and list those aspects you
micht plan to incorporate into your unit. Visit hames or husinesses with
solar systems at work.

Research materials commonly used in solar collectors. List those items
that are inexpensive and available locally. Find out the cost of each
item. Perform any preliminary tests to determine the best materials for
your locality and weather situations.

Camplete your design and cost estimates and clear the wmit design with your
teacher before beginning construction.

During the construction, keep track of actual expenses incurred. This will
be used in your analysis of pay-back time.

Perform the following analyses on your unit.

a.  Maximum temperature achieved by the umic.

b.  Best working angle.

C. Best building site for installation

d. Estimated length of time for heat collection during winter months.
e. Size of room which the unit can canfortably heat.

f. Cost of inscallation to heat entire hame.

g. Pay-back time f{energy savings minus material and energy cost)
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World Energy Simulation
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+ GBJECTIVE

Each student will be able to compare population and enerqy use between
developed and undeveloped countries.

MATERIALS TIME

6 clear plastic or glass concainers 20 minutes
80 M & Ms per class

LEARNING CYQLE

BNPRENESS - Before class, set up the "world energy supply” in clear plastic or
.glass cups (beakers will do alse). Each cup should be labeled with one

continent, the percontage of the world's population, and the percentage of its
world energy use. (NOTE: The world consumes eighty quads of enerqy annually.)

Population Energy Use

Africa 10.5% 3%
‘ North America 8 % 359%
Asia 61 % 18
Australia-New Zealand .5% 3%
South America 6 % 8
Europe 14 ¢ 243

M & Ms or other small candy should be placed in clear glasses. Fach piece
represents 1 quad {quadrillion btu's)

Africa=6
North America
Asia = 14
Australia = 3
South America
Europe = 19

Li}

32

L]
N

Divide the class into groups to represent the continents above.
For example, if you have a class of 25, 14 students will be Asia

3 will be Africa

2 will be North America

1 will be Australia

2 will be South America

4 will be Europe

remainder in Asia

91




1. Direct each "continert" to areas around the room.

2. Give each group the cup that contains their energy allocation.

3. BAsk a spokesperson £r~ each group to read the information on each cup. As
they do, ask them if there are enough M & Ms for the population. Allow for
coments at this time.

4. Afte~ all groups have read the cups, ask the whole class how they feel
about the energy wealth of North America.

5. Give the class 5 minutes to negotiate with each other about energy
resources. Is North America willing to redistribute?

6. At the end of the time limit, ask students what methods were used in their
negotiation. What was the resuit?

7. Allow the students to eat the en. 'qy resources.

CONCEPT DEVELOPMENT - Discussion questions:

1. Bow is this exercise similar to the present world situation?

2. The U.S. must import much of tht energy it uses. What are the resulting
problams for us in terms of econamic and political well-being?

3. What might happen to change this world energy picture?

4. If an energy shortage develops, who will be the first to feel the effects
and why?

APPLICATION - Students might be assigned to report or debate on one of the
fallowing topics:

0il Embargo of 1973

U.S. dependency on oil

0il production of the Middle East

0il production in the U.S.

Enerqy reserves of the world and the U.S.

Expected time of enerqy resource depletion

Effects of energy dependency on coal

Enerqy alternatives

Lifestyles of continents who use less energy per population.

Anotner application is a debate and group decision about the formation of an
enerqy plan to move the U.S. away from dependency on imported energy resources.

FOLLOA-UP/BACRGROUND INFORMATION

See Activity "Hidden Helpers" in this packet.

SCURCE OF ACTIVITY

Adapted from an activity originally from Duane Toomsea by Peg Steffen.
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SBIRCT Science, Mathematics LEVEL 9-12

‘ACTIVIZY IN BRIR?

Students will discuss and observe their ideas of power by performing simple
exercises and then expand this knowledge of pcwer to different eneray
converting machines.

CBJECTIVE

1. Define power.
2. List 5 enerqgy converters and order them as to how much puwer output they

supply.

3. Graph typical power outputs in order.

?. Campare energy converting machines.

5. Express a number as a power of ten.

6. Describe changes in the power of machines, if any, which have occurred.
MATERIALS TIME

Universal Weight Machine or 2 class periods

sapmething to act as a weight to

lift such as a large book or block
stopwvatch or timing device with
second hand , various graphing
materials: graph paper, compass, ruler

LEARNING CYCLE

BVARENESS~ After performing the activity on the other side of this page, the
teacher should ask if students think there are differences between individial's
physical power. The students can then calculate a simple example of power
using their data and the following fommula:

pounds * distance moved * # of repetitions

pover time (seconds) 133 w = 1001bs * 2ft
«13 kw * 20 reps div.by
30 secs.

CONCEPT DEVELOPMEN.' - Students should then, as a class, make a list of enerqy
converting "machines® they feel would be powerful. See ®For the Teacher" In
the end, the teacher may supply the given list found in this section.




5100

APPLICATION — The teacher should supply the students with the "Energy Calendar"
and instruct the students to find out how the historical progression in energy
use correlates with the escalation in power outputs. When did waterwheels come
into use, for example - before or after windmilis? Which turbine is the newest
attempt to date and put in chronalogical order all of the basic converters
listed on the chart.

FOLLOW-UP/BACKGROUND INFORMATION

Follow-Up - Mary different activities can be set up with the data given in the
tables. Two that might be wortlwhile are as follows:

1. Using a compass and protractor, make a circular pictograph of the
representative fractions of "energy output.™ Each named camponent would
represent a segnent of the total energy outputs mentioned in the original
data chart. Based on the sum of 17,192,315.8 kw or 17.2 * 106.kw in a 3600
circle, each degree would be represented by 360 divided by 17.2 million kw
= 20.90, The result is the graph included in "For the Teacher."

2. In mathematics you could have all the students conwvert the power ratings
into powers of ten as indicated in the chart under "For the Teacher."

3. Each "power of ten" is often called "one order of magnitude” in scientific

i literature. How many orders of magnitude are there fram man"s power output

to the rocket blast?

4. HMake a histogram, pictograph, or other scalar method of the comparisons
listed on the Energy Corverter table.

5. Use an adding machine tape to block out preportional ‘reas related to
power. One full tape may be used for woperative effort or give each
student a piece of adding machine paper about 4 yds. or 4m long or make
your own long sheets of paper by taping pieces together or use discarded
runs of computer paper.

6. Make a historical power grid, using the same orders of magnitude on the
vertical scale, but putting historical t.me (perhaps also expressed in
powers of 10 as "years ago"?) on the horizontal scale.

SOURCE OF ACTIVITY

Ererqgy Packet and Nancy Toll
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ACTIVITY

The teacher should ask the students who they think is the most "powerful "
person in class and discuss what power means to them. Then, have the students
go to the weight roam and have volunteers see how many bench presses they can
do, on the Universal Weicht Machine, in a given amount of time - say 30
seoonds. (Be sure to use students who have worked with the Universal before
and who won't stress their muscles too much. Avoid using large weights. This
activity could also be done in the classroam using a known weight such as a
large book or brick.) Students should record the number of lifts, the amount
of weight lifted, and the time for each valunteer.

Power Cutput of Selected Energy-Cormverters

Basic Converter Typical Power Output
(in Rilowatts)

Man o1

Ox )

Horse 5

Windmill 15

Waterwheel 300

Steam Engine 2000

Internal cambustion engine 10,000

Gas turbine 80,000

Water turbine 100,000

Steam turbire 1,000,000

Liquid fuel rocket 16,000,000

*The watt is a unit of energy per unit of time.
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$102 Birthday of planet Earth was 4.5 billion years ago.

m
la

Qldest known rocks are 3.3 billion years old.

First plants {algae) appeared 3.2 billion years ago.

First known arimals (jellyfish) died 1.2 billion years ago.
Fossils first became abundant 600 million *ears ago.

'Age of fishes began 400 million years ago.
Fern-like plants grew densely, became basis of COAL, 300 million years ago.

First dinosaurs thrived 225 million years ago.
First mamals appeared 200 million years ago.

Decline of dinosaurs occurred about 135 million years ac. Along with fos~*1
* plants, same became fossil soup (PETRCLEUM).
First primates trapped in a fossil record lived 70 million years ago.

Man-like creatures appeared about 3 million years ago.
Ice Ages began 1.7 million (1,700,000 years ago.

Man began to use fire, 500,000 B.C.
Last glaciers retreated, 8000 B.C.

Man learned to smelt metal and make bronze, 3000 B.C.
Iron technology was begun, 1000 B.C.

Water vwheels were used in Creece, 300 B.C.
Book by Vitruwius describes watermills, steam jets, and other machines, 27 B.C.

Mt. Vesuvius destroys Pampeii, 79 A.D.
Waterwheels come to Europe, 500 A.D.

First windmills were used 650 A.D.
Coal was burned in an English monastery, 852 A.D.

whale oil came into use for lighting, 900 A.D.
Coal was regularly used for hame heating in Newcastle, England, 1300 A.D.

Windmills started to drain the Netherlands, 1500 A.D.
Modern steam engine was conceived by Watt, 1765.

First oil well was drilled in Pennsylvania, 1857.
Otto designed the 4-stroke internmal combustion engine, 1376.

First incandescent lighting was provided to a small area of New York City, 1882
Becguerel discovered radicactivity, 1896.

Wright brothers flew the first successful airplane, 1903,
First jet plane flew, 1942.

First nuclear explosions were detonated in 1945.
First nuclear electric power plant in the U.S. was completed, 1958.
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Man first walked on the moon in 1969.
"Enerqy Crisie™ of limited suprlies and higher fuel prices beczme a public
oconcern in the winter of 1973-74.
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ONE-SECOND TIME MACHINE

(model of energy output in kilowatts)

//// Rocket: 16 x 100 Lw

Non-2xact model for possible graphic presentation of
Table on "Power Output of Selected Erergy Converters'

All others |
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Poisons From the Skies

SUBJECT Science LEVEL Grades 9-12

~ACTIVITY IN BRIEF

The student will investigate the effects of acid water on Daphnia before
debating possible solutions to the problem of acid rain.

C(BJECTIVE

The student will be able to 1) identify causes and effects of acid rain, and 2)
list alternate solutions.

MATERIALS TIME

4 glwss ocontainers of equal size per 1l - 3 class periods for
group, narrow range pH paper, experimentation
approximately 3~6 pH 1 period for application

10 ¢ solution H SO , sulfuric acid,
shallow dlass dishes such as petri dishes
spring or boiled pond water, masking tape,
grease or wax pencil, eye droppers,

hand lens, Daphnia from

a biological supply company.

LEARNING CYQLE

MIARENESS - The students will test different concentrations of acid on
microscopic organisms such as Daphnia. In order to cut down on equipment
needs, you may wish to set up small groups of 2-4 students. Daphnia are large
and easy to see for counting purposes, but you may use another fresh water
organism. You may require that the students design their own experiment using
the acid concentrations as the experimental variable and the mortality of the
daphnia as the ..pendent variable (the variable that changes as a result of the
experimental variable.) A plan has been provided if you feel the students need
more direction. Have the students provide their own container. Baby food
-jars, small beakers, pickle jars or even culture dishes will be sufficient.
Have the students make daily observations after the pH has been adjusted and a
measured amowunt of daphnia put in. As an alternative to having students
prepare their own acid mixtures, you may want to prepare these yourself to
known levels in order to save class time. ‘They should make a sample count of
surviving organisms each day. Have students graph days versus number of
organisms for each pH level.

CONCEPT DEVELOPMENT - Have each gruup share the results witl: the class.
Encourage discussion about why the results occurred. List on the boarl
possible source. of error. Igentify experime.tal and depeident variables and
vhether a sufficient control was use.
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Students should read and develop background information about the causes of
acid rain and where it has became a problem. (See sources listed below).

APHLICATION ~ Students will form a position statement about possible solutions
to the problem of a:id rain and will provide biackground data to support their
position. You may have them work individually, or in pairs. Indicate to
students that you will arade on accuracy and campleteness.

FOLLONOP/BACKGRO™D IRFORMATION

"acid Precipitation Awareness Curriculum Materials in the Life Sciences® by
Harriet Stubbs, The American Biology Teacher. Val. 45, No. 3, April 1983. The
following organizations have many fine articles and pamphlets, same of which
are free:

The Acid Rain Foundation
1630 Blackhawk Hills
St. Paul, MN 55122

Publication Infomation Officer
}Minnesota Pollution Control Agency
.1935 West County Road B2
Roseville, MN 55113

SOORCE OF ACTIVITY

Adapted fram "Acid Precipitation Mwareness, " BEorriet Stubbs, The American
Biology Teacher, by Peg Steffen.
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Name

ACTIVITY 1

You will test the effects of acid watcr concentrations on a microscopic
organism. You will need to collect the following materials.

4 glass jars or containers of equal size.

masking tape, pH paper provided by your instructor
spring water or pond water that has been boiled
organiams such as Daphnia

sulfuric acid

Probiem statement:
What is the effect of pH on microscopic pond organisms?

Procedure:

You will make 3 different solutions of acid water, pH of about 3, 4, and S.
Use the spring water to £ill all 4 containers to the same level. Test the pH
of the spring water. Record this. One container with pure spring water wiil
be the control (C.2s not receive any acid). You will add sulfuric acid drop by
drop to the other three jars if you are using a small container such as a baby
food jar. Test the pH after each additional drop. Record the final pH in each
container and mark the jars with masking tape. If you are using a container
such as pickle jar or pint mason jar, you may add up to 5 drops before testing
for the tH. Once the jars have been adjusted, add a measured amount of
organisms, such as 2 milliliters, to each of the 4 containers. Observe the
movaint of the organisms. After a few minutes, take an eye dropper and mark
it about half way up the glass tube with a grease pencil. Fill the dropper to
the line with water from the control jar and empty it into a shallow dish.
Using the hand lens, count the number of organisms you find that appear to be
alive. If you have a lab partner, have them make a count also and average the
two findings. Make a data table similar to the one shown. Place the jars in
an wndisturbed place and make observations and sample counts each day for 3
days.

Number of Surviving Organisms

Day Control Jar 1 Jar 2 Jar 3
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After you have collected the data, graph the nmumber of organisms versus the day for
each pH. Share Your findings with the class.

What was the experimental variable in this experiment?
¥hat was the dependent variable?
Did you have an adequate contral?

Acid Rain describes any form of precipitacion that contairs a greater than normal
anount of acid. Pure water would have a pH of 7; any reading lower than than would
indicate a higher acid content. The combination of rain and oxides are part of
nature's balance to nourish plants and water life. When the oxides are increased as
a result ¢ the burning of fossil fuels such as codl and 0il, the delicate balance
becames upset as the amount of acid in the rain rises. The map below shows where
acid rain has become a threat to the soil

and water resources in addition tO €rosion  Regions of th Esstem United Statas With Surtacs Waters

of buildings, leaching of toxic materials Sansitive 10 Acid Deposition

fran the soil, and the destruction of
plant and animal life.

Regions with sSils ang bed*oCk that
a' aw acithiy 1o travel 1 takes ang
streams

Lakes and streams that currently
have extremely limited abrlity to
neutr: 12¢ acdity

Application Assigmnment: Research the causes of acid rain and list the contributors
to acidg rain in order of the amount of air poliution produced. Write a position
paper about what you believe is a good solution to the problem. Include possible
effects economically and politically that might occur if your solution was to take
place. Provide data that supports your positigg_. The poliutent mix.

AC0 deposition (wet and Ofy). 02008, arbotne fine pariicies

~ TN Al risk
H - Lakes and siieams forects, crods
matonals, visibilhity human heann

Do

Transport and
translormation
Pravailing wind$s compilex
cnermistry

NN
[ -

Emissions
Sultur dioxide
mtrogen Oxidges
hydrocarbons

|4 N4
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Farmer, Farmer, How Does Your Garden Grow?

SBUECL Science LEVEL §-12
ACTIVITY

‘Students are given a short history lesson about agriculture and compare three

modern methods of farming for energy consumption.

CBJECTIVE

Each student will be ahle to explain the changes in agriculture that have taken
place over time and will ocompare the enerqy costs of producing foud between
traditional, minimum tillage, and organic methods.

MATERIALS TIME
none 1 - 2 class periods
LEARNIRG CYQLE

BWRARENESS - A diagram is provided below that shows an energy history of food
production. You might use this in addition to the initial background
information given.

CONCEPT DEVELOPMENT - The initial research for the assigmment can be done
outside of class, or you might provide the information to the students fram the
library or fram the Iowa State County Extension Service in your county. See
also, article "Fuel Required for Field Operations," Mathematics I.D.E.A.S.
There may be someone in your area who uses the methods described. If possible,
ask them to came to <lass and discuss their faming technigues with the
students. With traditional methods, about nine calories of enerqy resvurces
have been invested for each calorie available in the food. In primitive
cultures, 5 -~ 50 calories were obtained for each calorie invested. You might
mention this during the discussion.

APPLICATION ~ Much of the grain that we produce is used in the feeding of
livestock. There is always loss of enerqy during transformmations between sun
and grass and between grass and livestock. Only 10% of the ererqgy in plants is
available to the animels that eat the plants. In turn, only 10% of the enerqy
in herbivores (cattle and hogs) is available to meat eaters (us). One reason
that the U.S. consumes such large amounts of enerdy is that we eat much more
meat than the rest of the world. Discuss ways in which we can cut down on the
amount of energy we consume in food products. Have the students imwvestigate
the diets of people in other developed and undeveloped nations.
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POLLOW-UP/BACKGROUND INFORMATION

Contact your county extension service and the Iowa Enerqy Extension Service,
Jowa State University, 110 Marston Hall, Ames, IA 50011 for information bout
enerqgy and agricultuire.

SOURCE ¢ ACTIVITY

ggzgz:_ed fram IDEAS ani Energy and Society, Ministry of Education, by Peg
en.
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Farmer, Farmer, How Does Your Garden Grow?
Name

A Ghort History Lesson:

The method of obtaining food for survival has changed much over the ages. Primitive
man hunted for meat and gathered fruits and berries. Even today, same peoples still
use this method. Tilling the soil with pointed sticks and later primitive tools and
planting seeds saved fram the previous year made harvests more predictable and
helped to spark the development of civilization. Pioneers in North America used
hunting, fishing, gathering, and finally a type of aqriculture called
slash-and-burn. Clearing iand Ly chopping the trees and hurning the remains was
responsible for Jarge areas being put to agricultural use in the eastern United
States. Unfortunately, the soil of wooded areas is not suited to tilling year after
year.

Questions:
1. Why is this method not in use now?

2. What might happen to the soil if exposed to erwirommental conditions after
clearing the covering crop of trecs?

3. Corn and tobacco were the principle crops on this cleared ground. Farmmers
frequently used the ground for several years and would then move on. Why was
this so?

In modern times, the mouldboard plouch has been used to break and prepare a seedbed
for planting. After plowing, traditionally discing is done befcre planting and then
several cultivations are done to control weeds. After the harvest, fall plowing
buries the crop residue and weeds and speeds the spring planting the following

year. Unfortunately, the soil is open to wind and water erosion during the winter
months.

Most recently, minimum tillage has been proposed as a way to conserve both soil and
energy. In this method, smaller machinery is used with a system that allows for the
soil to be broken, fertilizer added, and the seed planted all in one oper .tion.
Instead of cultivation, herbicides are applied to control weeds. Plant residue from
the previous year is left and provides a mulch while cutting down on exposure to
wind and water erosion. Another method of farming is organic, in which animal
wastes are used exclusively instead of commercial fertilizers. Herbicides are not
used so there is scme loss of crop yield.

Time for some super sleuthingl!
You will campare the enerqgy requirements for thz2 traditional w I,
method, the minimum tillage method, and organic faming. L,
You will need to find out the following things: . V 1Y i
(Assume you are faming a 240 acre fam.
Do a1l calculations using this figure.)
l. Initial cost of the machirery.

2. Operating costs of the machinerv.
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3. Puel needs of the tractors over a year's time.

4. Herbicide and fertilizer needs in tems of cost. and amount.

5. Other costs.

Split the above among the group to which you have been assigned. If tnere is
saneone fram a fam family, you may be able to interview the operator, otherwise

contact local implement and coop people who mignt have information. Another
excellent source of current information is the county extension service.

Fill out the chart below to compare famirg methods.

FARMING M.THOD MACHINERY NEEDS FUEL NEEDS CHEMICALS
‘ ‘*, (relative amt.)

From what you have been able to discover about the various faming metheds, which
".Q type of famming is able to produce the highest yield? Which typz of faming uses
the least amount of energy?

Decision time: The question really becomes one of food production and ecor.amics
versus energy consumption.

1. Wwhat do you suggest as the best course of action at the present?

What actions might be taken to ensure that the supply of fossil fuels will last
longer?

Envision what farming will be like in the future when fossil fuels are no longer
availahle. Create a scenario with pictures and with a written explanation.
Remember, you are supplyiug grain and meat.

7 ’
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