DOCUMENT RESUME

ED 287 666 SE 048 617

TITLE Mathematics. lowa Developed Enercgy Activity Sampler,
6-12. Revised.

INSTITUTION Iowa State Dept. of Education, Des Moines.

SPONS AGENCY

Iowa State Dept. of Natural Resources, Des Moines.
Energy Div.
87

PUB DATE

NOTE 92p.; For a prior revision, see ED 275 529,

PUB TYPE Guides - Classroom Use - Guides (Fcr Teachers) (052)

EDRS PRICE MF01/PC04 Plus Postage.

DESCRIPTORS *Elementary School Mathematics; Elementary Secondary
Education; *Energy Conservation; *Energy Education;
Environmental Education; Interdisciplinary Approach;
Learning Activities; Mathematics Education;
*Mathematics Instruction; Piagetian Theory; Science
and Society; *Secondary School Mathematics; State
Curriculum Guides

IDENTIFIERS *lowa

ABSTRACT

The revised Iowa Developed Energy Activity Sampler
(IDEAS) was compiled using the original IDEAS program and the Energy
Conservation Activity Packets (ECAPS). This document is one of the
series of revised IDEAS booklets, and provides activities for
teaching mathematics. The activities are intended to present enerqy
principles in an interesting manner and to develop student skills in
acquiring information and making well-informed decisions about energy
issues. Each of the 25 activities in this document includes: (1) the
subject area for which the activity was written; (2) the grade level;
(3) a brief statement about the activity itself; (4) the objective(s)
of the activity; (5) a list of materials needed; (6) the approximate
amount of time neceded for the activity; {(7) a more complete
dascription of the activity, including the various components of the
activity and their relationship to Jean Piaget's learning cycle
(awareness, concept development, application); and (8) some
follow~up/background information. In some activities the original
source of the activity is also given. The focal points of the entire
document are energy concerns, impacts, choices, challenges, and
conservation. (TW)

LR RS R R R EE PR EEEEEEE SRR I LIS SR IR TSR PRI IE RIS ELE R LR SR L X

* Reproductions supplied by EDRS are the best that can be made *

* from the original document. *
LR RS SRR AT RS E T E R X EE TS X TR R R R Y Y T YT XX X




e IOWA DEYELOPED

MV EA VY BdRAV R minp

ENERGY ACTIVITY
SAMPLER

ED287666

 6-12

U S DEPARTMENT OF EDUCATION
Otce of Cducational Research and Improvement

EOUCATIONALCRESOURCES INFORMATION

ENTER (ERIC)
"\ This document has been reproduced as
ewved from the person or organization
\ — onginating it
aaaasT s [ Minor changes have been made *2 improve

reproduction quahty

e Points of view of opinions statedinttns docu
ment do not necessarily represent othcial
OERI posiion or pohCy
€
g 0
Vd
.’;
/
.,"‘
[
1
I
s
'3 “PERMISSION TO REPRODUCE THIS
';,’ MATERML HAS BEEN GRANTED BY
V4
Z
‘, v
5 M
9 ".,,/ ‘
%
o % TO THE EDUCATIONAL RESOURCES
— . ‘ t’ INFORMATION CENTER (ERIC)."”
3 4.
<& Z
Z
,” )
w ,.,4///(1/(/(2/¢r/(/1/////4(1/[//{1///1{('(1/{'4(1(/4/#2/1_1/1/,/0.«17/_"W/g..
A
g
Q® \ \ATIC -
MATHEMATICS 8EST COPY AVAiL BLE
ERIC 2

Revisad 1987

U’gﬁ,



3173-F42577-7/87

State of Iowa
DEPARTMENT OF EDUCATION
Grimes State Office Building
Des Moines, Iowa 50319-0146

STATE BOARD OF EDUCATION

Lucas DeRoster, President, Hull

Dianne L.D. Paca, Vice-President, Garner
Betty L. Dexter, Davenport

Thomas M. Glenn, Des Moines

Karen K. Goodenow, Wall Lake

Francis N. Kenkel, Defiance

John Moats, Council Bluffs

Mary E. Robinson, Cedar Rapids

Harlan W. Van Gerpen, Cedar Falls

ADMINISTRATION

Robert D. Benton, Director of the Department of Education
Mavis Kelley, Administrative Assistant
James E. Mitchell, Deputy Director

Instructional Services Division

Carol Mcbanolds Bradley, Administrator
A. John Martin, Chief, Instruction and Curriculum Bureau
Duane Toomsen, Consultant, Envirommental Education

Funds for development and printing provided
under contract to the Department fram the

Energy Division
Iowa Depariment

of
Natural Resources

(U




Table of Contents

MATHEMATICS

Acknowledgments
Activity

Wrap your Bouse and Save (6-8)

Learn toCare (6-8)e v ¢ ¢ ¢ ¢ ¢ « « &
Controlling Consumption (6-8). . . . .
Fuel Mix (6=8) « « ¢« o o ¢ o o ¢ o o @
Sources of Electrical Energy « « o « «
Heir Conditioning (6-12) « ¢« « « « + &
Squaring "On the Double" (6-12). . . .
Secret Message (6=12). « o « o o o o &
Parabolic Curves Shine Bricht (9-12) .
Scavenger Hunt (6-8) « ¢« ¢« « ¢ o o o &
What's the Best Insulation? (9-12) . .
Turn, Turn, Turn (6=8) ¢ o ¢« o « o & @
Blowing in the Wind (6-8). . . . « . &
“Cabin Fevei/Surface Area « « « « « o+ o

Wim waste L] L] L] L] L] L] L] L L] L] L] L] L]
Energy - No Creation or Destruction (6-
Instlation Percentages (6-12).

e © o o o ® e © o e o ° o © o o o O o ©o o o o o o
e o o o o o o ® ¢ o © © ¢ e o0 © o o o © o o o v o
e o o o o o o ® o o © o o e o © o o o © o o o o o
e o o o o o o ® o o o o ¢ o o o o © o o o o o o o

* L] [ [ [ [ [ L] . [e o IJ [ [ [ . [ [ L] [ [ [ [ [ [ [

To Pool or Not to Pool (9-12). . . . .
Up With People Power (6-12). . . . . .
Sum Super Sleuth (6-8) . « « « ¢« ¢ o &
Chart Reading (9-12) . .« « v ¢ ¢ & o &
Is Faster Better? (9-12) . . « . « . &
Enerqy In, Energy out (9-12) . . . . .
Cutting the KRilowatt (6-12). . . . . .
Energy Fiqures (6-12). .« « « + ¢ « . .

* o ® o o o e 9 o o e o e o © o o o © o o o 1+ o

[ [ [ [ [ [ . [ [ . [ [ [ L] - L] [ [ [ [ . ° . [ [

4 @ © e © o o o o o

e O e » o ©® ¢ ® o o o o o o o

[ L [ L] [ [ [ - [ L] . * . [ 3 L] . [ . [ [ [ ° . .

¢ ® & ® o © o o o © o o o e o © o © o o o o o o o

Page Number

iii

M1
M5
M9
M1l
«M-15
cM-17
JM-21
cM-27
<M-29
«M-33
M-37
.M-39
M43
< M-45
«M-51
«M-53
«M-57
.M-61
M-65
- M-69
71
LM73
M75
<M79
cM-82




iii

REVISED IGWA DEVELOPED ENERGY ACTIVITY SAMPLER - IDEAS

INTRODUCTION TO IDEAS

The revised IDEAS were developed fram the Enerqgy Conservation Activity Packets;
(FCAPS), by Puth Bakke, and Iowa Developed Energy Activity Sampler (IDEAS),
developed by Dr. Doris G. Simcnis under the auspices of the Iowa Energy Policy
Council and the Iowa Department of Public Instruction, now the Iowa Department
of Education. An "infusion model®” was used as a bazic framework which
recognized the interdisciplinary nature of enerqgy education concepts. These
included:

1. Energy is basic.

2. Enerqy usefulness is limited.

3. Emwiromment is impacted by enerqgy 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 knowledgeable student population
concerning energy matters. Decision-making skills are emphasized and
developing an enerqy conservation ethic iz a major goal.

Under the joint sponsorship of the Iowa Department of Education, Duane Toamsen,
Ernwironmental and Enerqy Education Consultant, and the Energy vivision 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 enerqgy education fram the 1980's into the twenty-first
century.

Conservation of natural resources and envirommental 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. Enerqy is an integral part of our
nation's natural resource base. The major emphasis of IDEAS 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 IDEAS 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 decision-making.

Bwareness activities encourage students to experience a new idea, phencmenon or
perception. A variety of experiences should stimulate the students' interest,
appreciation, and initiate a positive attitude toward the concept to be
formulated. Concept dzvelopment involves the building of a concept of energy
based upon the awareness phase. Concept development may include such
activities as reading, performing experiments, solving problems, 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 situaticns or problems. Application activities may
include the 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 enerqy education is empnasized.

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

Iowa is an excellent example of how energy is an interrelated and
interdependent resource. Iowa imports 98% of the enerqy it uses and has a high
potential for reducing its dependence on outside enerqy sources through
conservation and alternative energy fomms. Iowa's current ererqy dependence
has a major impact on Iowa's econamy and the ability of the state to compete in
the industrial and agricultural cammunity. All scgments of Iowa's society
imvolving service-related employment, agriculture, and industry, are impacted
by enerqy costs and availability.

The most obvious means of enerqy reduction is energy conservation. More
efficient use of enerqy resources available in Iowa (i.e. coal, wind, hydro,
solar, gasohol, biamass) 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 multitude of activities fram which
they can choose, adapt, and improve.

The professional educator who uses IDEAS may adapt cthe activities for any
classroam setting. Students will be given the basis to form an energy
attitude, ethic, and philosophy which will serve them ard the citizens of Iowa
throughout life.




Mermoers of the IDEAS Revision Coammittee

Dr. Tory Heiting, Research/Education Director, Energy Division, Iowa Department
of Natural Resources.

Dr. Bob Vanden Branden, University of Northern Iowa, editor.

The following were responsible for the grade and/or subject level indicated:

Primary Linda Scheuermann Roland-Story Eler.entary School
Story City, Iowa

Intemediate Janey Swartz Sac and Fox Settlsament School
Tama, Iowa
Home Econamics Viki Van Ryswyk Lewis Central High School

Coincil Bluffs, Iowa

Industrial Arts Alan Glass Ballard High School

and Technology Huxley, Iowa

Education

Language and Dr. Doug Larche Grandview College

Creative Arts Des Moines, Iowa

Mathematics Dor othea Trost Sutherland Community High School,

Sutherland, Iowa

Science Peggy Sfteffen Ottumwa High School
Ottumva, Iowa

Social Studies Steve Heiting Oskaloosa High School
Oskaloosa, Iowa

Advisory members included:

Dr. Lynn Glass, iowa State University
Brian Johnson, Iowa Power and Light

Special Tribute to Jody Cosson, Des Moines Graphic Artist
Notebook Cover by Carol Doerr

7




vi

RESOURCE ORGANIZAT IONS

Iowa Department of Natural Resources, Energy Division,
wallace Building, Des Moines, Iowa 50319

CAREIRS (Conservation and Renewable Enerqy Inguiry and Relerral Service)
800-523-2929.

Iowa Enerqy Extension Service, Iowa State University,
210 Marston BHall, Ames, Iowa 50011. 515/294-6978

National Ererqy Foundation, 4980 West Amelia Earhart Drive
Salt Lake City, Utah, 84116. 801/539-1406

Erergy and Self-Reliance Center, 3500 Kingman Boulevard
Des Moires, Iowa 50311. 515/277-0253

National Energy Information Center, El1-20, eEnerqy Information
Administration, Forrestal Building, Room 1F-048
Washington, D.C. 20585. 202/252-8800

New York Enerqgy Education Project and the
Solar Energy Project, SUNY at Albany, 1400 Washington Avenue
P.0O. Box 22100, Albany, New York 12222

Ministry of Enerqy, 56 Wellesley Street West,
Toronto, Ontario, M7A2B7, Canada

NATAS (National Appropriate Technology Assistance Service) 800-428-2525.

The NEED Project, P.O. Box 2518, Reston, Virginia 22090
703/860-5029

U.S. Government Printing Office, Washington, D.C. 20402

Your local public utility




vii

MATHEMATICS

INTRODUCT ION

The activities included in the matlmatics section have beeu designed for a
variety of teaching situations with regard to the equipment and facilities
usually available in a mathematics classroom. The creative educator will be
able to incorporate selected activities that will blend with their current
curriculum material tn infuse enerqy education into the mathematics curriculum

The learning cycle methodology using awareness, concept development, and
application has been used to guide the instructor in directing the activities.
The learning cycle provides suggestions for implementation and serves as a
guide for the instractor. It directs *he students' use of computaticn skills
to develop appreciacion and understanding of contemporary enerqy problems.

Most of tle activities are brief and should not reguire lengthy preparation or
persentation time. The application part of the learning cycle can be expanded
and is an important part of the enerqy education curriculum which allows
students to acquire knowledge and make decisions based upon educatrd attitudes
and values.

Educators who assisted in the formation of this section include the following:

Dwight Bakker -Western Christian High School, Hull, Iowa
Richard Delagardelle ~Anamosa West Middle School, Anamosa, Iowa
Sue Marzinske -Mason City Community Schoo! District

Mason City, Jowa
Myrna Moore -Valley Camunity School District, Elgin, Iowa
Karen Ploeger -Gliéden~Ralston Community School, Glidden, Iowa
Ed Rezalek ~Glidden-Ralston Camunity School, Glidden, Iowa
Becky Stein -Rolfe Community School District, Rolfe, Iowa
Nancy Toll -Sentral Cammunity School, Fenton, Iowa
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STRJIECT Mathematics LEVEL, 6 - 8

ACTIVITY IN BRIEF

Students will graph and interpret data concerning hame heating costs and
insulation.

CBJECTIVE

Students will recognize the value of insulation as an energy saver.

MATERIALS TIMZ
worksheets class period
LEARNING CYCLE

BNARENESS - Ask students how they would keep foed hot or cold if they are
packing a 1lunch to take somewhere. How are the containers they put such food
in different? What is the value of insulation? Is it a way of saving energy,
of saving money?

OONCEPT DEVELOPMENT - Have students complete worksheet.

AFFLICATION - After checking the worksheet discuss why utility bills may
fluctuate from month to month. Discuss why utility costs would not continue to
decrease the following year. Why might the bills be Ligher the next year?

EVALUATION - Ask each student to list what factors cause utility bills to
increase or decrease. Their list should include items discussed in the
application phase.

FOLLON-UP/BACRGROUMD INPORMRTION

Seasonal temperatures, traffic in and out of the house, closed off romms,
installation of stom doors, windows, insulation and use of a solar water
heater may acoount for such fluctuations. Savings are realized at the time of
installation. Rising cost cf energy, changing weather, additions to family,
added roams, more electrical appliances and tools can all increase the st of
energy used in future yescs.
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Information concerning the school heating and electric bills may be obtained
from the superintendent's office for several years and graphed. If the school
has recently been irmwolved in energy saving projects such as insulation or
rowiring, you should see some excellent examples of saving eneray.

SOURCE OF ACTIVITY
Science Activities in Eneray, U.S. Dept. of Emerqy; adapted by Dorothea Trost

——
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INSULATION-GRAPHS

How Much Can Be Saved?

Below are the Wilson's heating and air conditioning bills for 1979 and 1980.

In 1979 their hame had no insulation.

They had insulation installed at the end
of the year, so the cost for heating and air conditioning their home went down.

1979 1980
January $80 §70
February $70 $65
March $65 $65
April §65 $60
May $60 $55
June $70 $60
July $85 $70
August $80 $65
September $65 $60
October $60 $60
November $65 $60
December $70 $65

On tne graph below, place a dot for the cost of each month in 1979. Draw a

line between the dots.
pencil.

$85

Do the same thing for 1980 with a different color

$80

$75

$70

$65

$60

$55

Jan
Feb

Mar

Apr '

May

Jun

Jul

Aug

Sep
Oct
Nov
Dec

1. How much did the Wilsons save in January 1980 as campared to January 19792

2, How much did they save for the entire year?

3. During which month(s) were the utility costs highest? Why?

4. During which month(s) is there the greatest savings after insulation?

')
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SIBIECT Mathematics LEVEL 6 - 8

ACTIVITY IR FRIFF

Students will construct a bar graph to represent the annual consumption of
electricity in a home in the United States and in a less developed country.

CBJECTIVE

Each student will gain the ability to relate enerdqy statistics to differences
in life styles.,

MATERIALS TIME
worksheet depends on preparation
LEARNING CYCLE

MARRENESS - Ask the students to share what new electrical appliances their
families have purchased in the last couple of years. This should help them see
' that their consumption of enerqy is increasing.

OMNCEPT DEVELOPMENT - Use the graphing exercise to illustrate how the
consumption of electrical enerdy is increasing and how that consumption
canpares with a less developed country.

APPLICATION - Discuss with students what kinds of appliances they have that
would not be found in hames in other countries such as Mexico. Are we using
more electricity than is necessary to live comfortably? Is our consumption of
enerqy for luxuries depriving people in other ccuntries hardships?

EVALUATION - Ask students to list ways in which they can personally save
energy.

POLY:OW-UP/BACKGROUND INFORMATION

Students may find help in visualizing other societies by reading the example of
livirg corditions in Kenya given in "The Conserver Society" activity in the
science activities packet of IDEAS.

SOURCE OF ACTIVITY
Adapted fiom EME/National Enerqy Foundatioua, by Dorothea Trost

13




ACTIVITY: Learn to CARE M-6

In 1951, an average American family home consumed erough electricity to allow
for the highest standard of living any people in the .orld had ever knowa. For
example, by 1951, nearly 1/2 of the American humes had a TV set. '

Let us refer %o the total amount of electrical enerqy used by a home in
1951 as 1 CARE. C(ARE means: Consuaption Annvally of a Residence's
Electricity.

The American electrical companies tell us that in 1961 each family in
America used about 2 CAREs. As a matter of fact, these campanies who provide
the hames with electricity also give us the fo!liowing information:

Year Amount of CARE Usel in a Hame
1971 312

1981 4 1/2

1991 6

1. Using the information provided by the electrical companies, complete the
graph, drawing taller houses to show the extra amount of electrical energy
a hame now uses or will probably be using in future years.

2. The electrical enerqy needed for 1 CARE will operate about 13 color Vs for
a whole year. (a) How many ocolor Vs would a hame's energy consumption
operate in 1971? (b) How many in 1991? (c) How old will you be in 19912

3. How many times greater will a hame's electrical energy consumption be in
1991 than 1961? .

4. Suppose our friend Pedro who lives in Mexico used 1 PEP of electricity.
PEP means: Pedro's Electrica. Power. When we use statistics collected in
1968, we find that each Jack and Jill in the United States used 15 PEPs.
Using the following chart, finish the pictorial bar graph by drawing a
stick-man of proper height.

Annual Electrical Power Use Per Each Citizen

Mexico 1 PEP
United States 15 PEP
Canada 16 FEP

16— -1~ —+ ~+

15— - - -+
14— — T —+
13~ = - -
121~ T - —+
11T~ T - -
10~ - - —+
9 ————— ——— e —_—
8 —— —— ——— ——

a 777 -1 -~ T

5 e — —— ——— ———

a 4 —t —_ PR —t—

[ 35TY
e §




7 CARE

6 CARE

5 CARE

4 CARE

3 CARE

2 CARE

1 CARE

O CARE

1951

1901

1971

1981

1991
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M-8

1 PEP means about 470 RWH (Rilowatt-hours). Using the statistics provided
in problem 4, find the number of KWH used by each person in the United
States.

Use 1 PEP for a citizen in Mexico ard 15 PEPs for a citizen in the United
States. A Mexican citizen uses 1/15 the electrical energy that an American
citizen uses. What percent is this?

16
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ACTIVITY IN BRIEF

By eating cookies students will generate consumption information which can be
graphed and discussed in tems of conservation and preservation.

CBJECIIVE

Students will be able to state the effects of conservation as compared “o
unlimited consumption and be able to distinguish between the temms
"conservation” and "preservation”.

MATERTALS TIME

two chocolate chip cookies per child 30 minutes
napkins

clock

time graphs

LEARNING CYCLE
BYARENESS - Use steps 1-6 to develop the graphical information to be discussed.

CONCEPT DEVELOPMENT - Use steps 7-8 to develop an understanding of the temns
conservation and preservation.

APPLICATION - Use the questions in step 9 to relate what has been learned and
apply it to our natural energy resources.

EVALUATION - Have students state the reasons for conserving a resource. Have
students explain the differences in the graphs constructed aad explain how
slope is related to the rate of consumption.

FPOLLOW-UP/BACRGROUND INFORMAT ION

BEave students graph the data on page M- . This is an example of exponential
growth. Compare this to the graph of the cookie consumption. The exponential
graph represents our use of natural energy resources.

Resource Availability
Coal - 500 years
Natural Gas - 40 years
0il - 35 years
Uranium - 50 years

SOURCE OF ACTIVITY

Adapted from E.M.E./National Enerqy Fourdation by Sylvia Sather

17
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ACTIVITY: Controlling Rate of Consumption
IMPLEMENTATION: (Note: the chocolate chips represent coal) .

l.
2.

5.
6.
7.

8.

10.

Each child is given a cookie and napkin.

When a signal is given have children begin eating their cookie.

They MIST raise their hand when they finish. You count hands that are
raised every 15 seconds until all cookies are consumed. At your last
count, all hands should be raised. Once a child raises his hand, he
must keep it up.

No. of
Students

Create graph - talk about its (analyze) interpretations.

a.
b.
Ce

Distribute the second cookie. ¢Children can only take a bite when you
say "take . bite" (every 15 seconds). The system is the same -
students raise their hand when finished and you tally every 15
seconds.

Aqain oconstruct the graph.

Analyze the data again. How long did it take for all resources to be
eliminated?

Compare the two graphs. Graph One represents unlimited consumption
while Graph Two represents limited consumption rate. Is Graph Two
like Graph One? BHow are they different?

Discuss the tems "conservation" and "preservation". In the second
exercise, conservation was practiced. Does conservation result in
preservation? Why not? What good does it do to conserve?

Divergent Questioning Techniques:

a.
b.
Ce

d.
e.

This lesson can be enhanced by expanding it as a result of student and
teacher brainstorming.

GRAPH ONE

(Impacts or Limits or Resources)

1 | |
g6 75 90 105
Time in Seconds

{ | I 1
0 15 30 45

after 15 seconds how many coal deposits were consumed?
after 30 seconds how many coal deposits were wonsumed?
after 457 after 60?2 after 75? etc. .

Tell why you think coal was consumed at different rates?

How did we oontrol the rate of consumption on our second graph?
Does this have any implications for us as we use coal,
electricity, and natural das?

Can we help control how rapidly we use resources?

Give your own ideas as to how we can d this.
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SUBJECT Mathematics LEVEL 6 -8

ACTIVITY IN BRIEF

Using a metric scale, the students will produce a graph representing the fuel
mix used to fill the energy needs of our country.

(BJECTIVE

The student will be able to:
- list the energy sources used in the fuel mix of the U.S.
- list the fuels by the percentage used
- generalize that the fuel mix does or d es not represent wise use of our
enerqy resources.

MATERIALS TIME
meter sticks 30 minutes
register tape

crayons

activity sheet, "Fuel Mix"

LEARNING CYCLE

MIARENESS - Construct the graph representing the fuel mix used in the United
States.

QONCEPT DEVELOPMENT - Interpret the graph that has been constructed by using the
questions listed 1-6.

APPLICATION - Discuss with students whether this fuel mix represents wise use of
our resources in view of the years of availability of them. Availability of
resources are listed on page M- .

EVALUATION - Have students list the enerqy resources in order of percentage of
the fuel mix. Have them make a second list of the fuels in the order of how
they should be used in the fuel mix based on availability.

POLLOW-UP/BACKGROUND INFORMATION

See Activity - 'Controlling Rate of Consumption” for information on resource
availability. A follow-up activity would be "Sources of Electrical Energy: Two
ways of Looking at Them".

SOURCE OF ACTIVITY

Adapted from Science Activities in Ererav, U.S. Dept. of Enerqy by Dorothea

13
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M-12
MATH
FUEL MIXES

Strategies:

1. Provide meter sticks, register tape (or other paper cut into long narrow
strips), and crayons for each student or groups of students.

2. Tell students they are to represent the U.S. fuel mix on the 100 cm. paper
strip. Each centimeter of the graph is equal to 1% of the energy sources
used in the fuel mix. Explain that the United States uses a variety of fuel
for energy. The percentage of various fuels that make up the total fuel
consumption is called the fuel mix. Students must divide the strip into
fuel source lengths according to the chart bzlow, which can be copied on the
chalkboard.

0il 47%
Gas 26%
Coal 19%
Nuclear 43
Hydro 43
Other .13
Strips should look like this:

OIL GAS QOAL

3. Students should color each section in solid colors.

4. Students should individually complete the following worksheet.




FUEL MIX
The strip of paper you measured was 1 meter long.
Name something else that is about 1 meter long.
a. How many centimeters are there in one meter?
b. Name some words that have the prefix "centi.”
c. What does centi mean?
How are percents and centimeters alike:
Which fuel does the United States use the most?
Which fuel does the United States use the second most?

Which fuel does the United States use the third most?

M-13
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SURJECT Mathematics LEVEL 6-8

ACTIVITY IN BRIEF

Students will interpret graphic information about r2asource use in producing
electricity.

CBJECTIVE

Students will be able to list the resources used in the production of
electricity and propose reasons for changes in the fuel mix for future
production and justify them.

MATERIALS TIME
activity sheet 20 minutes
LEARNING CYCLE

BAARENESS - Discuss with students what enerqy resource is used to produce the
‘ electricity they use and why is it used.

QONCEPT DEVELOPMENT - Bave students complete the activity sheet.

APPLICATION - Discuss with students why the fuel mi-. is as it currently is, and
why it will be undergoing the predicted change.

EVALUATION - Have students list the resources used in preducing electricity.
Have students explain why there will be a need for a change in the fuel mix in
the future.

FALLOW-UP/BACKGROUND INFORMAT ION
Follow up activities might include:

"Controlling Consumption®
"Fuel Mix"

SCORCE OF ACTIVITY

U.S. Department of Energy, Science Activities in Enerqy; Adopted by Dorothea
Trost.
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_Sources of Electrical Energy:
Two Ways of Looking at Them

Coal

2000

$! Uranium

L Hydro

e ¥ Others
1. What kinds of graphs are .

shown? 1980 2000
Coal 51% 50%
2z Add the percentages for the
year 1980. I
Oil & Natural Gas | 26% 61%
3. The percentages for the
year 2000 total 100%. What CUranum  11%; 32%
does this mean? 1

Hydro ll?:/o_ 9% .
4, The use of which fuel will -r‘

probably decrease the most Others 0% |3%
by the year 20007? j

5. Which fuel is predicted to show the greatest increase in use by the year 2000?

6. Which fuel should maintain about the same percentage of use?

7. Which two categories provided approximately 75% of our electricity in 19807

8. What change is anticipated in the percentage of power provided by hydroelectric plants in
the year 2000 as compared to 1980?

9. What percent of the electricity will coal and uranium produce in the year 2000?

10. Why does this informatioa lend itself to a circle graph?

Bonus: What possible sources could make up the remaining 3% in the year 20007 ‘

23
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SUBJECT Mathematics L

ACTIVITY IN BRIBF

Students use percentage to calcu.ate a needed reduction of future energy use
and develop a plan for such a future reduction for their family.

CBJECTIVE

Each student will be able to devise a method of reducing energy use in their
homes and state the impact of such reductions on their life style.

MATERIALS TIME

charts and questions provided class period

LRARNING CYCLE

BNARENESS - Use the information on the circle graph and the questions to help
students see how energy is used in their hame.

CONCEPT DEVELOPMENT - Aoguaint students with the information about increased
consumption of energy contained in the activity "Learn to CARE". Stress to
them the need for us to reduce our use of energy in the future so that there
can be more eguitable sharing of the earth's resources among all people when
shortages begin to occur.

APPLICATION - Using the information on Chart I, have the students devise a plan
for reduction of hame enerqy consumption by 50%.

EVALUATION - Have students submit their plans and evaluate them according to
feasibility and how close they were to the 50% reduct.on. Ask them to state
the major impacts this plan will have on their family.

PALLON-UP/BACKGROUND INFORMAT ION
Have students write a short essay which would describe the effect their
reduction of energy use would probably have on the way their family would live.
Consider the daily routine and also special times such as holidays, cold winter
nights, and hot summer days.
SCURCE OF ACTIVITY

E.M.E./National Enerqy Foundation and,

W, U.S. Dept of Energy.
rothea Trost
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7.

8'

HIENRREOIOIHIOMING

Use the information in the circle graph and a calculator to answer the
questions.

1.
S
Air Conditioning 2
12.7% *
3.
Refrigerator
4.
5.
Water Heating
16.8%
6.

Where the energy dollar goes during the
year in an all electric hame.

Suppose the heating portion was 20% and the air
would you conclude about the climate?

Which 2 items make up
about 50% of the cost?

Which 3 items make up 14%
of the cost?

What is the difference in
the percent of heating
and cooling?

The range, refrigerator
and freezer equal what
percent?

How would you explain the
difference 1n cost
between the dryer and
heating?

Why is the section of the
graph for TV sraller than
the one for heating?

conditioning 35%. What

By setting the thermostat at 68 in winter they could have saved 20% on

heating costs.

a. If they paid $342, how much savings would that be?

b. What would the heating cost be then?




GHART I

APPLIANGE

Air conditioner (used only on hot days)
Cooking appliances (average for all cooking)
Dishlwasher (once a day)
Food freezer
Lighting (5 hours per day)
Refrigerator
Television (color - 4 hours per day)
Television (black & white - 4 hours per day)
Electric blanket
Can opener (3 uses per day)
Clock
Clothes dryer (6 loads per week)
Coffee maker (once per day)
Fan (stove exhaust -~ 1 hour per day)
Food mixer (1 hour per week)
Food waste disposer
Frying pan (1 use per day)
Hair dryer (1 use per week)
Iron (hand) (3 uses per week)
Radio (solid state - 2 hours per day)
Radio Phonograph (solid state - 2 hours per day)
Sewing machine (3 hours per week)
Shaver
Toaster (6 minutes per day)
Vacuum cleaner (4 times a week)
Washer (automatic ~ 6 loads per week)
(does not include hot water)

oo
o8}

TOTAL

M-19

935
1750
430
1760
1500
1850
525
360
150
0.3

1200
100
30
10
30
240
15
150

40
10
0.€
40
45
100

11,307.9
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CHART 11

MY PROPOSED 50% REDUCTION IN HOME ELECTRICAL ENERGY USE

Appliance kwd NUMBER TOTAL KWH
Lighting 1500 1* 1500%
Air conditioner 935
Cooking appliances 1750 -
Dishwasher 430 -
Food freezer 1760 . -
Refrigerator 1850 - —_
Television (color) 535 . -
Television (black & white) 360 _ -
Electric blar~t 150 o ___
Can opener 0.3 - -
Clock 17 - -
Clothes dryer 1200 o -
Coffee maker 100 - -
Fan (stove exhaust) 30 - -
Food Mixer 10 - -
Food Waste Disposer 30 - -
Frying pan 240 - _—
Hair dryer 15 - -
Iron (hand) 150 — - -
Radio (solid state) 20 — -
Radio Phonogragh (solid st) 40 ______ -
Sewing machine 10 _ _
Shaver 0.6 .____. -
Toaster 40 . o
Vacuum Cleaner 45 o o
Washer (automatic) 100 _ -

Grand Total

*We are suggesting 1500; you may want to use less.
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SUARIE "OR THE JuiEha™

STRJECT Mathematics LEVEL 6 - 12

ACrIVITY IN BRIEF
Students will color in squares on graph paper to simulate exporr:ntial growth.

OBJECTIVE

Each student will be able to synthesize a model of exponential growth or
"doubling time".

MATERIALS TIME

sheets of graph paper with 1/4" 20 minutes
or 5-6mm. sjuares

colored pencils, crayons or colored pens
(3 colors)

watch with second hand or minute timer

LEARNING CYCLE

MVARENESS -~ Use one of the stories about exponential growth to stimulate
interest, i.e., algae growth on a pond, or the servant who requested payment of
grain exponentially.

OONCEPT DEVELOPMENT - Use the coloring exercise to teach students the concept
of exponential arowth.

APPLICATION - Discuss the exponential use of resources, the doubling time of
enerqgy consumption, population growth, human expectations or material goods.

EVALUATION - Give students a starting population and a doubling time and have
them predict the population at various time intervals.

FQLLOW-UP/BACKGROUND INFORMATION

Enerqy use grows exponentially at a rate of about 7% per year. The doubling
time at this rate is every 10 years. If half of the world's reserves of oil
were left, how long would they last? Would there be oconcern at that point of
running out? The concept of exponential consumption is an important one to
wnderstand in explaining the current enerqy dilemma.

SOURCE OF ACTIVITY

I.D.E.A.S. Rdapted by Dorothea Trost
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PROCEDURE

Tell the students that you will give them one minute to color a square on their

graph paper. They don't need that much time, but give them a full minute .
anyway .

Then ask them to use another color on two squares during the next minute. Ask
for a third color and four squares during the third minute. Keep a steady pace
with no waiting time between minutes. Ask for eight squares during the fourth
minute, etc., until there is no more roam on the paper.

TAPLE A

Minute Number of squares to color Total Colored
1 1 20 1

2 2 21 3

3 4 22 7

4 8 23 15

5 16 24 31

6 32 25 63

7 64 26 127

8 128 27 255 .
9 256 28 511

10 512 29 1023

EXPECTED RESULTS

Depending on size of the squares on the original graph paper, students may be
able to color in eight or nine doublings before running out of space. Note to
students how easy (plenty of time) it was to color in the first six minutes
worth of squares, but how hurried they were during the last minutes of
coloring.

QUESTIONS

Ask what one would do in order to double the squares one more time. Get
another sheet of paper. Put Table A on the chalk board. Ask students to label
their various colored areas with the exponent (power of 2) it represents. Draw
attention to the fact that each successive doubling colors an area bigger than
all the previous ones put together.

Now ask, "If we had continued to color only one sjuare per minute instead of
doubling everytime, how much longer would the graph paper have lasted?"

The answer will be on the order of 1,200 - 1,500 minutes vs. the 8 to 10 o
minutes for the doubling pace.

Q 28




The following stories give some more examples of the fantastic increases M-23
resulting from exponential growing.

Manhattan Island. In the year 1626, Peter Minuit purchased Manhi:tan Island for
e the equivalent of $24. 1In 1972 (346 years later), the total assessed valuation

of New York City was $3.8 x 1010, 1If Peter had put his $24 in a bank paying
6.1%Z per year compounded continuously, his account would have had in it a sum
equal to the assessed valuation of all of New York City and its billions of
dollars of ‘buildings and improvements. No wonder most states have banking laws
that prevent inactive accounts from growing indefinitely.

National Inheritance Proposal. Kealizing the results of compounding interest
(another way of saying "exponential growth"), David H. Fisher* has proposed that
giving each American a capital "nest egg" at birth would be much less drain on
the national budget than providing income ar the end of life. The gift
inheritance would have very vestricted use, being unavailable for spending,
lending, borrowing, or attachment in any way. Invested at the average rate for
the last 200 years of fiscal history (6% annually, with interest earning
interest in successive years), a birthday gift of $4,400 would be worth $200,000
at age 65. This sum would generate $12,000 income per year per person at a flat
6% rate, much more than Social Security provides today.

The King and the Mathematician. Supposedly a court mathematician pleased his
patron the king by inventing the game of chess. The king invited him to name
his own reward. The clever one's response was, “"Give me one grain of wheat for
che first square of the chessboard, two grains for the second square, four
grains for the third square, eight grains for the fourth square, etc., doubling
the number of grains for each succeeding square until all the squares have been
compensated for."

. Th> king was surprised, at first, that his mathematician asked for so small a
reward. But he changed his mind when he started counting out the grains of
wheat. Table 2 shows the number of grains requred for each square, ending with

263 grains for the 64th square aleor.:

Table 2: Wheat for the Chessboard (8 x & squares)

Grains of Wheat Total Grains
No. of Square per Square of Wheat Due
1 1 = 20 1 =20 -
2 2 = 21 322 -}
3 & = 22 7 =23 -
4 g = 23 15 =24 -
5 16 = 24 31 = 25 - )
6 32 = 29 63 = 26 - )
n 2n -1 2M -
‘ 64 263 264 - )

*History profess»r at Brandeis University and author of Growing Old in America,
Oxford University Press.

ERIC 30
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If the king could provide all the wheat due, he would be stacking up 2%4 -
grains or 18.45 x 1018 or 18 billion billions of grains of wheaF, Based on an
average mass of 3.4 g per hundred, the total weight of this grain pile would be
6.27 % 1014 g, approximately 500 times the current annual vorld-wide harvest

of wheat! (Thanks to Dr. A. A. Barlett of the University of Colorado for these
figures.,)

Farm Pond. Imagine that a few water hyacinths get started in a farm pond and
then double their growth daily. The farmer notices, on Sunday, that less than
1% of the surface area (or 1/128) 1is covered by the green invaders. That amount
doesn't concern him, and he doesn't come back until later in the week to look at
the pond again.

Meanwhile, the hyacinths double daily. They expand to cover 1/64 of the pznd‘s
surface on Monday; 1/32 on Tuesday; 1/16 on Wednesday; l/§ on Thursday; 1/4 on
Friday. By Saturday, when the farmer notices that a week's growth has blanked
half of his pind with hyacinth leaves, he may decide to go get a manatee Or a
herbicide. But when he returns the very next day, the pond is already '
completely suffocated with vegetation. See the illustration included with this
activity.

Farm Pond example of exponential growth.
One Sunday the farmer notices that
water hyacinths have started to grow

in the pond. They cover about 1/128

or less than IX of the surface. But
they double their growth . . .

Wed "m/

It took a week's rapid growth to
blanket half the pond. The sur~-
prised farmer may decide to
intervene during the following
week. BUT the very next day —-
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STBJECT Mathematics LEVEL 6 -8

ACTIVITY IN BRIEF

Students locate graph coordinates to solve a puzzle.

CBJECTIVE

Identify coordinates of points and identify an important energy concept;
conservation.

MATERTALS TIME 15 minutes

secret message activity sheet

LEARNING CYCLE

MAARENESS - Supply each student with a copy of "Secret Message" worksheet.
Have students solve the message.

CONCEPT DEVELOPMENT - Discuss what it means to conserve energy.

APPLICATION - List ways students or their families can conserve energy everyday
at school or at hame.

FOLLON-UP/BACKSROUND
Conserving enerqgy is something that takes the effort of everyone everyday. It
is an idea that needs to be internalized and acted out in small ways, (turning

off unnecessary lichts) as well as in major decisions (buying a more efficient
furpace).

SOURCE OF ACTIVITY

Science Activities in Eneray, U.S. Dept. of Emergy; adapted by Dorothea Trost
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SECRET MESSAGE cocdimte: siven vaos, e

in the blanks with letters
fran the graph to decode the

messagz.
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(2,13) (5,100 (11,5 (15,15 (13,2) (20,100 (3,6) (20,7)

19,16) (1,4) (6,60 (9,4 (1,17 (18,13)

(3,17) (5,15 (8,13) (10.16) (15,1) (7+9) (20,14) (12,17)
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SIBIECT Mathematics LEVEL 9 - 12

ACTIVITY IN BRIEF

Using simple algebra, graph paper, cardboard and aluminum foil, the student
will: 1. Design and construct a parabolic reflector. 2. Test the design
outside on a swny day.

CBJECTIVE

Each student will be able to construct a parabolic curve and manipulate
materials to construct a solar collecting device.

MATERIALS TIME

handout on Parabolic Curves 2-3 hours
large pieces of cardboard

tagboard

aluminum foil

glue

® ==
graph paper
themameter
container to hold water to be heated

LEARNING CYQLE

MAARENESS - Draw 3 perabolic curves using the equation y=nx?. Let n=-10, 1,
1/2. Calculate x andy (x,y) for at least 6 data points. Discuss what happens
to the focal length F as the curve flattens out (n approaches zero). Discuss
the uses of parabolas in collecting light (this information is on the student
handout) .

QONCEPT DEVELOPMENT - Design a parabola of re?sonable fize (no larger than you
can build or carry) using the equations y=n-x¢ and F=x4/4y. Build the
reflector and test it.

APPLICATION - Heat scme water using the re .ector and discuss the usage of
solar enerdy.

EVALUATION - Have each student demonstrate that she/he can use his/her
constructed device to heat water.
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FOLLOR-UP/BACRGROUND INFORMATION

1. Check with power companies about the possibility of them financing solar .
systems for hames and businesses instead of more power plants. ~—
2. Zaeck the practicality of using solar emergy (active/passive).
3. Check the heat available on cloudy days.
4. Check with contracters to see if they are using solar systeme.
5. Resources:
Chemistry Textbooks
New Shelter Magazine
Mother Earth News Magazines
Sellers of Solar Collectors (no caps on solar collectors)

Book, Entrophy by Jeremy Rifkin
SOORCE OF ACTIVITY

E.M.E./National Enerqy Foundation, adapted by Dwight Bakker

ACTIVITY

1. Design a paraoola of reasonable size (no larger then you can build or
carry).

2. Graph the parabola on regular paper until you are sure of your design.

3. Transfer the design onto a large piece of sturdy corrugated cardboard. Cut
out the parabola.

4. To make the reflector, glue aluminum foil to flexible tagboard and smooth
it with a squeegee until it is mirror-like.

5. Attach the reflector to the cardboard parabola securely.

6. Test the parabolic reflector in the sun. Locate the focal point with your
hand. BE CAREFUL NOT TO GET BURNED! DO NOT LOOK AT THE SUN!

7. Measure the focal length and see if it agrees with your calculations.
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PRRABULIE GURYRS Siin HRidy

PARABOLIC CURVES

Parabolic reflectors can be used to
concentrate sunlight to create high
temperatures. They also are typically
found in lighting devices, such as,
flashlights, automobile headlamps, and
searchlights.

In this lesson you will learn to draw
a parabola, design and build one to
any size. Upon completion you can
test your design in the sunlight. EQUAL

DISTANCE
DEFINITION: Parabola - A curve
generated by a point moving so . Fiygp POINT
that its distance from a fixed \\\\;;;' MOVING
point is equal to its distance N ~__///PO\NT
from a fixed line. )
‘ FWED
The general equation used for graphing parabolas is: : LINE

y=n. x2 Whzre n can be any aumber.

For example: Ifn =1

B WM OIX
O B = O

As the value for n approaches zero the curve flattens.

All parabc]as have a focal length, or focal point (F). The focal pcint is
the area in which the reflected 1ight reaches maximum concentration.

The focal length can be calculated using the following equation:

F = x2/4y
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PARADULIE GURVES &

PARABOLIC CURVES
(continued)

In the previous example, n = 1, the focal length is:
F = (2)%/4x4 =1/4 = .25 neters
(You can use any units of measurement as long as you are consistent.)

Notice that once you have determined n, any pair of numbers (x,y) will give
you the same focal length. Why?

For existing parabolas, such as flashlight or automobile headlamp reflectors,
the focal point can be calculated using the following equation:

F = D2/16H D
where D = diameter of the reflector rim. To P H
H = height of the reflector from bottom Focal
to top rim. Point
F = focal Tlength
To design a parabola choose n , then calculate x|y

for a number of different points (-5 to 5).

Graph this set of points. As in the example described before, n =1, y = n-x
and F = .25 meters.

X 1Y
=512
-4 |16
-3 9
-2 4
-1 1
0 0
1 1
2 2
3 9
4 116
5125

2




SWBJECT Mathematics LEVEL 6 -8

ACTIVITY IN BRIEF

Students are involved in a scavenger hunt to collect data pertaining to enerqy
use.

CBJECTIVE

Each student will be able to describe some ways to decrease enerqy consumption.

MATERIALS TIME

scavenger list Several days for the scavenger
hunt (out of class).
Data analysis time will vary.

LEARNING CYCLE

NAARENESS - The scavenger activity should enable students to become more aware
of the various ways they use energy and amounts of enerqgy they consume. As
students collect their data they will relate numbers to enerqy related topics
which directly affect them.

QONCEPT LEVELOPMENT - Since this data is collected by the students they will
have some interest in it.

1. Have the class list the various forms of enerqy they collected data abeut.
2. Have the class list different kinds of work done with the energy they used.
3. Have students determine the difference in their answers to question 1 and 2
of the list. Students can then determine the greatest and least amounts
consumed, and the average consumption for their entire class. (Do this for
same of the other enerqy foms used also, i.e. gasoline.)

APELICATION — Have students discuss why some families consumption of the
various energy foms were higher or lower than others. How could they decrease
their families energy consumption?

EVALUATION — Have students Jescribe ways energy consumption may be reduced.

FOLLOW-UP/PACKGROUND INFORMATION

The data collected can be examined in many ways through comparison. See how
many ways you can increase the students awareness of its value and the need for
wise use of enerqy.

SOURCE OF ACTIVITY

Adapted from Science Activities in Energy, U.S. Dept. of Enerdy — by Dorothea
Trost.

39
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Number Scavenger Hunt

Directions: This scavenger hunt will take several days to complete. Write your
answers in the space at the end of each task. Read all the tasks before
»ou beginl
TASK ANSWER
1. Reading on your electric meter today. 1. .
Give date.
2. Reading on your electric meter three 2.

days from today. Give date.

3. Temperature at which your home hot 3.
water heater is set.

4. Capacity of your home refrigerator 4.
in cubic feet.

5. Size of light bulb (in watts) in your 5
bedroom light. ‘

6. Octane level in super unleaded gasoline 6.
at the nearest gasoline service station.

7. Average fuel consumption (miles per gallon 7.
of gasoline),of your family car.

8. Capacity of fue!l tank in your family car. 8.

9. Size in gallons of the hot water 9.
heater in your home.

10. Size of the school's lunch room hot water 10.
heater. (In gallons)

11. Number of gallons of gasoline needed to completelyll.
fill a school bus gasoline tank.

12. Storage capacity of gasoline at the 12.
nearest oil dealer.

13. Number of watts in a 3-way iight bulb. 13.
14. Amount of electricity (number of 14.
kilowatt hours) used in your home last
month.




15.

16.

17,

l8‘.

19.

20.

21,

22.

23.

24,

25.

6.

21.

28.

29.

-0.

Size (in gallons) of an aquarium in your
school. (Location of aquarium)

Number of cylinders in your family car.

Number of electrical appliances in your
home.

Number of electrical appliances you used
today.

Cost per gallon of regular gasoline at
the nearest service station.

Number of electrical outlets in your
classroom.

Cost per kilowatt-hour of your home's
electricity.

High temperature predicted for the next
3 days (In degrees fahrenheit)

Number ¢ fireplaces in your home.

Mumber of homes in your neighborhood
or community with solar panels.

Time of today's sunset. (Give date)

How many liters of soft drinks does your
family drink in a week?

Hours pe. day the lights are on in your
classroom.

Number of electric lamps in your home.
Distance the sun is from the earth.

Number of minutes you spent working on
this rcavenger hunt.

41

15.
16.

17.

18.

19.

20.

21.

22.

[
i
.

25.

26,

27.

28.

29.

Jo.
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SUBJRLT Mathematics LEVEL 9 - 12

ACTIVITY IN BRIEF

Students will collect data to determine the difference in heat transfer through
different materials and see how R-values are reciprocals of U-values.

BJECTIVE

Each student will be able to distinguisb between the differences in heat
transfer of different materials and relate the inf smmation to U-values and
R-values of insulating materials.

MATZRIALS TIME

100 watt bulb in ceramic socket class period
a variety of insulating and noninsulating

materials - wood, aluminum foil, fiberglass,

(7.5 cm-10am thick), dlass, metal, newspaper,

heavy cloth

4 themometers

cardboard

watch

masking tape

knife

LEARNING CYCLE

BADRENESS - Have studer.s construct the device for gathering the data and
qather the data.

OONCEPT DEVELOPMENT - Explore which materials are the best insulators. Wy is
full insulation now required in new houses? Why is this a new requirement?

APPLICATION - Look up the R-values for the insulating materials you used.
Corvert these to U-values and compare them to the temperature information
col) =cted. (R-values are reciprocals of U-values.)

EVALG:TION - List several U or R values of materials and have students campute
the reciprocals and rank them acoording to which represent the best insulators.

FOLLOR-UP/BACKGROUND INFORMAT ION

A U-value is a coefficient of heat transfer which represents BTU's per hour
which pass through a unit area of surface (sg. ft) for every degree
(Pahrenheit) of temperature difference from one side to the other.

SOURCE OF ACTIVITY 42

Adapted fram, Science Activities in Energy, U.S. Dept. of Energy by Myrnma Moore
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ACTIVITY: What's the Best Insulator?

Set up the box like this:

e we =T

Tape four insulating materials over the
windows on the inside of the box.

Tape a thermometer to the outside of
each insulating material.

Record the starting temperatures.

Place the light in the center of the
box.

Turn the lamp on for 5 minutes.

Record the rise in temperature for each
material. How much better is the best
insulator cumpared to the worst”

Why is full insulation now required in
new houses?

Why is this a new requirement?

cuT
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TURN, TUHL, TUH

SIBIECT Mathematics LEVEL, 6 -8

ACTIVITY IN BRIEF

Students will practice reading an electric meter

GBJECTIVE

Each stucent will be able to measure electrical enerqgy used in a household and
relate the meter reading to the use of enerqy by the househald.

MATERIALS TIME

activity sheet Activity runs 1 1/2 weeks, but
classtime is 30 minutes

LEARNING CYCLE

MWARENESS - Bring to class «.1 elactric meter or take your class to iook at the
school's electric meter.

OONCEPT DEVELOPMENT - Teach the students how to read the meter through the
exercises given on '“e worksheet.

APPLICATION -~ Hav ants determine the daily usage of electricity at hame or
for the school- . hem determine ererqy savings or wasting of same devices.

EVALUATION ~ Tezt each student's ability to correctly read a meter by having
them read an actual meter or a simulation of one. Have them show what the
reading would be after the use of a specific appliance for a given period of
time.

POLLOW-UP/BACKGROUND IRFORMATION
Some ways of extending this activity include:

1. Have students produce a model of the dials on the meter on cardboard and
have a pointer on each capable of turning. Use this to teach others how to
read the meter.

2. Read your meter each day for one week. Calculate the average kilowatt
hours used per day and the kilowatt hours per person used each day.

Compare the last figure with others in your group and develop a class or
group average.
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3. Invite the custodian or superintendent o give the class an overview of the
use of electrical energy in the school. Where do they think electrical
enerqy could be conserved in the school? Are steps already being taken to .
conserve? -

SQURCE OF ACTIVITY
Adavted from EME/National Energy Foundation by Dorothea Trost
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ACTIVITY: Turn, Turn, Turn

The power that is developed and distributed to houses by the utility
canpany enters the house and is uszd to perfom a multitude of tasks.

Enerqy costs money, and in order to monitor its use, the utility provides a
meter when the service is installed. The meter is read regularly and is the
basis for determining electric bills.

1. Do the exercises on the worksheet

2. Read your electric meter at the same time each day for one week. By
subtraction, find the number of kilowatt hours used each day and plot
a bar graph. Explain the changes in daily consumption.

3. Before going to school one day, read your meter and record your
reading. Then (something you shouldn't usually dol!) leave on
electricity consuming things that are usually turned off, such as
extra lights, the T, the radio, and so on. Let this continue to the
evening (not overnight). Next morning read the meter and record the
reading. That day, conserve electricity by turning on only those
items that are necessary. On the morning of the third day, read the
meter again. Compare the number of kilowatt hours used the first day
(reading #2-reading #1) to that of the second day (reading #3-reading
#2). Wnat was the difference in kilowatt hours used between the two
days? Calculate what percentage the savings was of the total used the
first day.




w42 HOW TO READ YOUR ELECTRIC METER

The dials are like watch faces lined in o row (every other dial moves
counterclockwise). The reading for ¢ five dial meter would be 16,064 The reading
fot o four dial meter would be 6,064.

[f 5 DIAL METER
*
(

4 DIAL METER

WRITE1 WRITES WRITEO WRITE6 WRITE 4

Notice thot when the pointer is between two numbers, you should record the
lower of the two numbers.

When the pointer seems to be directly on a number, look at the dial to the right; if
the pointer on the right side dial has passed "O”, 1nen write down the number the
pointer seems to be on if the pointer on the right side dial has not passed O,
then write down the previous lower number on the dial you ore recording

METERNO 1 METER NO.2

Subtroct the number of line A from the number on line B to find the number of KWH
of electncity used

Line B8 . Lne B

lhne A une A |

e i ee————— e s Am e S— e

KWH used - KWH used
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SIBJECT Mathematics LEVEL 6 ~ 8

ACTIVITY IN BRIEF

Students will construct a device to measure wind speed. Students will
then record the wind speed at various locations and keep a daily reccrd to
Getermine if wind power genera‘ion is practical in their location.

GBJECTVE

Each student will identify an alternative enerqy source and describe its
useful ness.

MATERIALS TIME
1 ping pong ball
1 bubble level

1 piece fishline
glue

needle
protractor

red magic marker
1 strip balsa, about 1/2cm sy. x 18am 1ong X 1/4 in. thick

1 class period

LEARNING CYCLE

MVARENESS ~ Build the device and demonstrate how it can be used for
measuring wind velocity.

QONCEPT DEVELOPMENT - Discuss how wind is a form of energy. How does it
do work? Can this be an alternative eneigy resource. Do the activities.

APPLICATION - Evaluate the data that has been collected and discuss
whether using wind enerqgy is a viable alternative for their area.

EVALUATION ~ Have students describe how wind energy could be used in place
of some current non-renewable resource.

o ——

SOURCE OF ACTIVITY

Adapted from Science Activities in Enerqy, U.S. Dept. of Energy. By
Dorothea Trost.
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BILAOW LG RI1 eTeH ERW LD

Calibrate the wind
speed like this: .

Build a Device 1o Measure the Wind: —
Angle mnh
90 0
Attach the balsa El“e bubble level here- 85 5.8
handle with old it level when vou
ke readings
glue Glue at ta o .
Center of protractor (Bubble should be centered) &1 8.2
75 10.1
70 11.8
6> 13.4
60 14.9
55 16.4
30 18,9
Protractor
45 19.6
: Threaq a needlg with L0 21.4
| monofilament line and
I push the needle throusl: 35 23.4
\ \ _ the ping pong ball
/,/"'\\\ 30 25 8
/ \
Wind K / 25 28.7
Color the 20 32.5

line with marker

1. Test the wind at various places on your school Jround. Keep a chart
of the results.

2, What is the difference in wind speed at ground level and at higher
elevations? Are the winds strongcr in the valleys or in the hills

where you live?
3. Are the winds in your area steady or gusty?

4. Any wind over 8 mph can be used to generate electricity. At what time
of day is there enough wind to make electricity?

5. A* what time of day do the fastest winds usually occur?
6. How many hours during the day could a wind generator make electricity? ‘

ERIC 49
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SBJECT Mathematics LEVEL, 9 -12

ACTIVITY IN BRIEF

T determine the best building design for efficient heating. Floor area,
volumes, surface areas and volume/surface area ratios are calculated for
various hame designs.

CBJECTIVE

Each student will be able to determine the best building design for efficient
heating by selecting the best design for slowing heat transfer.

MATERIALS TIME

worksheet 30 - 60 minutes

LEARNING CYCLE

BWARENESS - Set out two ice cubes that are equal in volume but with different
surface areas. Observe the rate at which they melt. Help students to develop
the idea that heat transfer depends on the volume to surface area ratio.

ONCEPT DEVELOPMENT - Determine the floor area, vclume, surface, and
volume/surface area ratio for seven home designs.

APPLICATION - Determine by discussion of the questions which is the best energy

conserving hame design.

EVALUATION - State the criteria for the "best" design and assign each student
to devise the best design for the dwelling.

FOLLOW-UP/BACKGROUND INFORMATION

See the first page under "Activity”
SOURCE OF ACTIVITY

Adapted from ..D.E.A.S. by Dorothea Trost

(R
<
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ACTIVITY: Cabin Fever/Surface Area

(Background Information)

Heat naturally travels from a warmer place to a cooler one. How quickly that
transfer happens depends on many factors. In the case of buildings that need
heating or cooling, same of the considerations are:

How much surface area is conducting heat?

How well insulated is it?

How tightly sealed is it?

What does the site and its plantings contribute to che energy flow?
What are the activities of its occupants?

In general, the larcer the volume of inside air to the outer surface areas of
floor, walls and roof, the slower the rate of total heat exchange between the
inside and the outside.

Because interior air h~s been deliberately heated or cooled at some energy
cost, slowing its exchange is desirable. Designs that provide a higher volume
to surface area ratio require less energy for space heating and air
conditioning ass.ming that the buildings being compared are alike in mr*erials,
construction, windov area, and other factors listed previously.

Campare the heat retaining advantages of various shapes of hames. Using the
dimensions given on the fcllowing chart, do the calculations necessary to
canplete it.

Bfter completing the chart, answer the following questions:

1. Hw similar are these houses/apartments in functional living area:

a. What is the average floor area of each living unit. Assume that the
two story square is a duplex. Make the came type of calculation for
the four-unit apartments.

b. Which house plan shows the largest difference (plus or minus) from the
average floor area?

c. Using your calculations in 1.b. determine the largest percentage of
difference fram the average floor area.

Largest Difference in Floor Area
x 100%

Average Floor Area

2. Which design has the best potential for slowing down heat losses?

3. Which design would be easiest to insulate?

4. Can you sugyest another design that would be better in slowing heat
transfer?

93
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Name
Student Worksheet
Exterior de b. C. d.
Dimensions Floor Volume (ft.3) Surface Ratio Volume/
House Shape (fr.) Area (ft.2) (to heat & cool) Area (ft.2) Surface Area

"A" Frame 30 x 34 x 20 ft. peak
A 7
20
Dore 36 ft., = diameter,
18 ft. = radius
19
X
1. a. 3.
b.
c.
2. 4,

(1




Student Workshee .

Name

b.
Volume (ft.3)
(to heat & cool)

C.
Surface
Area (ft.2)

d.
Ratio Volume/
Surface Area

Exterior a.
Dimensions Floor
House Shape (ft.) Area (ft.2)
Square 32 x 32 x 8

"

,L/

Small "L” 20 x

4 -Unit Apartmengs t4 x

- g

=

/////J

;1// =y

43 x 8

28 x 8
and
14 x 8

32 x 16

32 x 16

()}
<

8-
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Teacher's Answer Sheet

Exterior d. b. ] C. d.

Dimensions Floor Vo lume (fL.j) Surface Ratio Volume/
House Shape (fr.) Area (ft.2) (to heat & cool) Area (ft.2) Surtface Area
Square 32 x 32 x 8 1,024 8,192 3,072 2.67
Ranch 24 x 43 x 8 1,032 8,25 3,136 2.63
Small "L" 20 x 28 x 8 9380 7,840 3,208 2.44

and

JO x 14 x 8

2~Story Square 32 x 32 x 16 2,048 16,384 4,096 4.0

ob

4-Unit Apartments 64 x 32 x 1o 4,096 32,7608 7,'68% 4.57

c @ @ @




Teacher's Answer Sheet

Exterior de
Dimensions Floor '
House Shape (ft.) Area (f:.?)

0G-W

b. C.
Volume (ft.3)
(to heat & cool)

d.
Ratio Volume/
Surface Area

Surface
Area (ft.2)

"A" Frame 30 x 34 x 20 ft. peak 1,020 10,200 3,320 3.07
+ loft
Dome 36 ft. = diameter 1,017.4 12,208.3 2,034,7 6.00
18 ft. = radius + loft possible

a4. Average floor area/living unit + 1,017.3 fr.2 3.

Small "L"

b, house shape

c. J3.b6%

4,

In terms of potential, the dome is best due
to less escape routes for heat transfer.

There is no one right answer. Ease of Insulation
depends upon local limitations on construction,
materials, installation expertise, costs, and time,

A number of valid suggestions may be proposed
including berming, double wall or envelope
construction, underground homes, row housing
with shared walls, windowless north walls, etc,




SWBIECT Mathematics LEVEL 6 -8

ACTIVITY IN BRLsF

Students will determine the window area and floor area of the classroam to
determine if the building is an enerqy waster.

GBIJECTIVE

Each student will be able to discuss critically the importance of proper
building design to conserve enecgy.

MATERIALS TIME

2 thermameters 30 min.
measuring tape

LEARNING CYCLE

PWARENESS ~ Ask the students if some classroams are warmer than others. Can
they give soame explanations if all the themmameters are set the same? Does the
amount of window area affect how warm or cold it is?

CONCEPT DEVELOPMENT - Have students make the measurements for the activity.

APPLICATION - Discuss with students other energy wasting concepts used in
architecture.

EVALUATION - Have students write a brief paper discussing the design of their
school building for enerqy efficiency.

FOLLOW-UP/BACRGROUND INFORMATION

Do activity "Cabin Ffever" to ezamine another example of architectv” ° design
affecting enerqy effeciency.

Discuss how the school is situated with regard to the sun. Make a draftameter
and use it to help explain your results.

SODRCE OF ACTIVITY

Science Activities in Enerqy, U.S. Dept. of Ererqy; adapted by Dorothea Trost




v 1§ YOUR SCEOOL
WASTING

N
HEAL

il

MATERIALS:

Measure and record the
2 thermometers window wall temperatures
measuring tape in your classroom.

Record your thermostat
setting. How do the
temperatures compare?

E Temperature comparison o
E vindow wall thermostat
temperature |temperature setting
Measure the total areas of
the windows. Measure the
total area of the floor.
Window/Floor Ratio -~
area of area of window/floor Divide the floor measurement
windows floor ratio into the window measurement to

get the window to floor ratio.
A ratio greater than 10% is an
energy waster.

v 61
Summary question:

WOULD YOU SAVE ENERGY IF YOU HAD FEWER WINDCWS?
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SIRIECT Mathematics LEVEL 6 -8

ACTIVITY IN BRIEF

Students will calculate percentages to solve a puzzle.

CBJECT.IVE

The student will be able to:
- calculate percentages
- state a basic law of enerqy. (Enerqy can neither be created nor
destroyed, only changed in form)

MATERTALS TIME
activity sheet - "Percent Riddle" 15 minutes
LEARNING CYCGLE

BABRRENESS - Supply each student with a copy of "Percent Riddle" worksheet.
Have student complete the worksheet. (Answer is ENERG Y)

OCONCEPT DEVELOPMENT ~ Explain that enerdgy exists in many foms. The basic fact
to remember about enerqy is that it changes form with every use. Even though
it changes form, it cannot be created or destroyed.

APPLICATION - Use examples of enerdy comverters and name the forms of energy
desired fram that corversion and those fomms of waste enerqy that are given
off.

EVALUATION - Have students do percentage calculations. Have students state the
enerqy transfomations in various common appliances.

FOLLOW-UP/RACKGROUND INFORMATION
Exauples for Application:
Electric light bulb———> Waste sound energy 1% + Light 2%

(Electricity) Waste heat 97%
0il fired furmace————> Waste sound enerqy 3%

(Chemical potential) Waste heat energy 303 + Heat Energy 66%
Waste light 18
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Jet plane system————-————> Waste heat energy 70% + Mechanical Enerqgy 25%
(Chemical potential) Waste sound energy 3%
Waste light energy 2%

SQURCE OF ACTIVITY Q

Science Activities in Enerqgy, U.S. Dept. of Enerqy. Adapted by Dorothea Trost
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ENERGY - NO CREATION OR DESTRUCTION M-55
PERCENT RIDOLE

. What changes but always stays the same?

To answer the riddle, find what percent of the square is used
to make each letter. Then match the letter to its percent
at the bottom of the page.

Answer:
. 23% 40% 23% 17% 37¢ 10
64
Q
ERIC

Aruitoxt provided by Eic:
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SEIasr Mathenmatics LEVEL 6 - 12

ACTIVITY IN BRIEF

Students are asked to do word prohlems involving percentages to calculated heat
loss as a result of inadequate insulation.

CBJECTIVES

Each student will » able to:
~ define BTU
- calculate the amount of BTU's lost because of heat passing into or out
of a house
- state the relationship between insulation and consersation of energy in
heating and cooling the hame.

MATERIALS TIME
balloons class period
match

activity sheet "Insulation Calculations"”

LEARNING CYCLE

AWARENESS - Ask students: ™hen you are cold and you put a blanket around you,
what happens? Do you feel air from outside? Do you feel wammer?" The blanket
insulates your body by keeping your body heat trapped between your body and the
blanket. bDefine the word insulate. Strike a wooden match and let it burn
completely out. It generates 1 BTU of heat. It would take 40,000,000 BTU's to
heat a house for a year. (40,000,000 matches)

OONCEPT DEVELOPMENT - Insufficient insulation causes heating and cooling
systems to work harder. Take a balloon that you kave placed several pin holes
in; begin hlowing it up. (have students do this) Have them develop a
relationship between the holes in the balloon and quality of the insulation in
a hame, and with a balloon with no holes and a well insulated hame. How hard
does the heating or cooling system have to work in a poorly insulated hame?

APPLICATION - Direct students to complete the worksheet "Insulating
Calculations”.

EVALUATION - Each student should demonstrate his/her ability tc do the
calculations, define BTU, and explain how insulation conserves energy.
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FOLL(W-UP/BACKGROUND INFORMATION

In poorly insulated homes, space heating and cooling accounts for 65% of energy
consumption. Heating and cooling provides one c¢f the greatest opportunities to .
save enerqy.

Insulation is the most effective way to reduce heat loss or gain. Inadequate
insulation causes the cooling and heating systems to work harder. The circle
graph shows how heat normally passes ‘nto or out of a house. The greatest loss
is through the ceiling and roof, which, fortunately, is the most accessible
area to install insulation.

SCORCE OF ACTIVITY

Science Activities in Enerqy, U.S. Dept. of Enerqy; adapted by Dorothea Trost

66 ‘
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INSULATICN CALCULATICNS

Using the circle graph below, answer the following questions.

DIVISION
OF HEAT
TRANSFER
as much as
40% through
as much cetling and roof
as 10%
through air
leak
as much as
a;oTuc: as 30% through
° . through ~xterior walls
9ors and and floors
windows
\
a. During the winter, the Johnsons used 40,000,000 BTUs of heat in their

Ce.

e

home. 16,000,000 BTUs of this heat was lost through the ceiling,
walls, floe.s, windows, door, and air leakage. How much of this lost
heat was through the ceiling and roof?

Ans:

The Johnsons decided to install insulation in the attic which would
cut the loss through the ceiling to 25%. How many BTUs would then be
lost through the ceiling and roof?

ans:

How many BTUs would then be saved by installing insulation in the
ceiling and roof?

Ans:

Last year the Martins used 38,000,000 BTUs to heat their home.
15,200,000 BTUs of this heat was lost through the ceiling, walls,
~loors, windows, doors, and air leakage. How much of this lost heat
was through exterior walls and floors?

Ans:
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INSULATION CALCULATIONS (continued) Q

b. After installing insulation in the walls, the heat loss was reduced to
23%. Bow many BTUs would then be lost through the walls and floors?

Ans:
c. How many BTUs would be saved by installing this insulation in the
walls and floors?

Ans:

pra————

3. a. During the winter, the Holts used 41,000,000 BTUs of heat ‘- their
home. 16,400,000 BTUs of the heat passed out of the house. How much
of this lost heat was through the doors and windows?

Ans:

b. The Holts decided to install storm windows and doors. This i..sulation
reduced heat loss to 14%. How many BTUs would then be lost through
the walls and floors?

Ans:
¢. How many BIUs would be saved by installiag this insulation on the
windows and doors? .
Ans:

4. a. 39,000,000 BTUs of heat were used to heat the Brown's hame last year.
15,600,000 BIUs passed outside the house. How much of this lost heat
was through air leakage?

Ans:

b. The Browns decided to caulk between window frames and siding, outside
water faucets, and between porches and the main body of the house.
This insulation would reduce heat loss to 7%. How many B1Js would
then be lost through air leakage?

Ans:

How many BTUs would be saved by caulking these air passages?

Ans:
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SBJECT Mathematics LEVEL 9 - 12

ACTIVITY IN BRIEF

Students investigate the costs of operating a car and the savings possible by
carpooling.

(BJECTIVES

Each student will be ahle to compute transportation cost and identify
carpooling as a means of conserving energy.

MATERIALS TIME

'Cost per mile' chart 2 class periods
'Carpooling Cost Estimates' worksheet

LEARNING CYCLE

ANARENESS - Students will list pros and cons of carpooling —monetary,
envirormental, social.

CONCEPT DEVELOPMENT — Go through an example ¢f calculating savings by
carpooling.

APPLICATION ~ Students calculate personal commuting costs, and potential
savings. Interview carpoolers vs. non—carpoolers. Research envirormental

impact.

EVALUATION - Have each student demonstrate his/her ability to compute
transportation costs and list means of transportation which conserve energy.

FOLLOW-UP/BACKGROUND INFORMATION

1. Free class ocopies of current gas mileage guides fram U.S. Department of
Energy, Fuel Economy Distribution, Office of Adninistrative Services,
Washington, D.C. 20585.

2. Federal Highway Departwent Statistics fram U.S. Department of
Transportation, 400 Seventh Street, S.W., Washington, D.C. 20590.

SOURCE OF ACLIVITY

Adapted from I.D.E.A.S. by Sue Marzinske
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ACTIVITY

1. BAs a group, have students list pros and cons to carpooling to school, .
including monetary, envirormental, and social aspects.

2. Distribute 'costs per mile' chart.

3. Using the 'Carpooling Cost Istimates' worksheet, work an exarple of
calculating carpooling savings.

4. Each student will calculate his/her own savings, those of a parent, or
those of a typical worker at a local irdustry.

5. AdCitional activities could include interviews with carpoolers vs.
non-carpoolers regarding their attitudes toward the ride to school or
work—any general trends?

Research the amour. 5 of pollutants emitted by each car per year. Could a
small individual reduction in driving time result in a significant
reduction of pollution natiorwide?

70 .
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COSTS PER MILE

. Car Depre- Parts & Gas & Insur- Taxes Total
Type ciation Tires 0il ance {cents) Cost
(cents) (cents) (cents) (cents) (cents)
Standard 12 5 7.5 2.1 1.7 28.3
Campact 9 4 4.5 2.0 1.3 20.3
Sub Compact 7 4 4.0 2.0 1.0 18.0
Example:

To figure commuting cost, multiply number of miles (say 20) times cost for a
mid-size car (Chevy Malibu)—

1. 20 x $.251 = $5.02
2. Add daily parking fee + $.50
3. Total daily cost $5..°

4. Multiply daily cost x number of school days per month (21) for total cost
per month to drave alone (§115.92).

‘ 5. Divide this by the number of people in the carpocl (say 4—).
$115.92 divided by 4 = $28.98, cost per passenger in car pool.

6. Monthly savings, per person, is the difference in cust between driving
individually and using the carpool.
$115,92 - $28.98 = $86.9%4,

Note that more than money is; saved. Energy use is reduced, and envirommental
damage is also less. Parkirg areas do i.ot have to be so large and the
atmosphere does not have to absorb so much heat and exhaust fumes.

Now have each student compute his own cammuting costs, those of a parent, or
those of the "typical worker" at a nearby industry. An answer sheet is
provided.
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STUDENT WORKSHEET NAME

Carpooling Cost Estimates o

1. Multiply cost per mile x miles per day:

X = §

2. Ad4d daily parking cost +

Daily cost TOTAL:

3. Multiply daily cost
by number of school (working)
days per month X
Lone driver's monthly cost TOTAL:

4. Divide monthly cost of driving
alone by number of people
in carpool

5. New cost per person by
Carpoo..ing =

6. Monthly carpool savings, #3 - #5
S ®

7. What other differences (besides personal savings) might carpooling make in
your life?
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STBJECT Mathematics LEVEL 6 - 12

ACTIVITY IN BRIEF

Students will make the necessary measurements and calculations to determine the
work and power expended in climbing stairs.

(BJECTIVE

Each student will be able to define personal energy expenditures to concepts of
work and power.

MATERIALS TIME

meter ticks class period
bathroom scales (metric preferred)
stopwatch, digital watch, or watch with second hand

LEARNING CYQLE

BAARENESS - Ask students to name powerful machines, and machines which do large
anounts of work. Define these temms. Discuss how both units are derived.

QONCEPT DEVELOPMENT - Uss the exercise to make a calculation of both of these
quantities.

APPLICATION - Discuss what advantages and disadvantages there are in using
powerful machines. Are they efficient energy users?

EVALUATION - Have students define, work, power, Jjoule and watt.

POLLOW-UP/BACKGROUND INFORMATION

As students develop more power they will also produce more heat (wested energy)
which decreases the efficiency. This also happens in machinery, with an
acoompanying eff iciency decrease.

[Car battery 73%
[Diesel engine 36%
Efficiencies [Car engine 26%
[Airplane 25%

[Steam locamotive 9%

Power decreases the amount of time for the task to be done, but the work
accamplished is the same. The energy wasted in inefficiency is a factor that
needs to be considered in doing some jobs.
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SOORCE OF ACTIVITY

Adapted fram I.D.E.A.S. by Dorothea Trost
ACTIVITY: Up With People Power
PROCEDURE :

1. Locate a staimway in your school or neighborhood where it is possible
to climb two consecutive flights or one long flight without
interruptions.

2. Taking turns with another stude..t, climb these stairs slowly and
steadily while your partner records stopping and starting times.

3. Calculate the total distance climbed by multiplying the height of c.e
step (in centimeters or meters) by the total number of steps. Record
this on the chart provided.

4. Measure or calculate each student's weight in newtons (9.8N = 2.2 1lbs.
1 pound = 4.5N). Record this on your chart.

5. (Qinmb the stairs acrin, as fast as possible this time. Have your
partner record the time. Then do the same for your partner. (if
either ;)f you aas a health problem, one can d the leg work for both
of you.

6. The same amount of work was done each time you climbed the stairs,
because the amount of material (yourself) and the distance it moved
were the same. But the power required was different; power has a time
factor in it.

Calculate the power reguired each time you climbed the stairs.

Power = wt. (N) x distance (m
time (sec.)

Example: 637 N x 6 m = 3822 N.m = 382.2 N.m/sec. or 382.2 J/sec or 382.2
10 sec. 10 sec. watts (unit of power)

Use your figures now:

1. Qimbing stairs SlowlYeeeese
2. Qimbing stairs rapidly.....
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Student Worksheet

Name

UP WITH PEOPLE PCHER

Qimbing Stairs

Measurements & Calculations T slowly rapidly

3. a. height of one step (m

b. number of steps climbed

c. total distance climbed (w

4, weight of student (N)

2.&5. time required (sec.)

6. power required

Use the back of this sheet for calculations if necessary. Put answers on the
chart.

Compare the results (numbers) on the chart for climbing rapidly vs. climbing
slowly. What do they tell you about energy, work and power?

Did you see or feel eny difference between climbing slowly and climbing rapidly
that does not show up on your chart?
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SWIECT HMathamatics LEVEL

ACTIVITY IN BRIEF

Students will solve addition and missing addend to decode enerqy words relating
to electricity.

OBJECTIVE

Students will be ahle to define terms associated with electrical energy.

MATERIALS TIME

activity sheets 15 minutes

LEARNING CYQLE
BYARENESS - Students will do the puzzle

CONCEPT DEVELOPMENT - Have students find where these words are use, (i.e., on
appliances, electric bills, news articles)

APPLICATION ~ Discuss with students how these words are used in determining
electrical energy consumption or its cost to them as consumers.

EVALUATION - Have each student write the definitions of the tems in the
exercise.

PCLLOA-UP/BACKGRCOUND INFORMAT ION

Follow this activity with an activity on calculating the cost of electrical
energy.
i.e. ®Cutting the Kilowatt”
"Chart Reading"”
"Heir Conditioning®

SOURCE OF ACTIVITY

Adapted from U.S. Department of Energy, Science Activities in Eneray by
Dorothea Trost.
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Sum SUPEN SiSulii:

Each of the following 6 problems contains an energy word whose letters represent
numerals. Each problem has a different number code. Find values for the letters and
then determine the sum of those digits. Match that sum to find the correct definition
below. Write each energy word next to its definition. Study examples ¢1 and ¢7.

1. 17,298 2. 25,658 3. 9,678,555
+VOLT +440,538 +CURRENT
10,034 BOILER 14,600,723
8+9+3+6 =£§_ = = __
VOLT ROILER CURRENT
4. KILOWATT 5. 93,482,046 6. 4,126,689,075 .
31,157,890 +RESERVE +LUBSTATION
109,522,045 99,663,717 6,539,052,870
KILOWATT RESERVE - SUBSTATION

7. VOLT (24) Units need to measure electromotive force.
8. (39) 1000 watts; a measure of the rate of electricity usage.

9. (28) a large vessel thzt contains many tubes in which water is heated to steam
to drive a turbine.

10. (30) an excess of capacity beyond actual load.
11. (42) a facility which helps to transfer electricity from generator to consumer.

12. (32) the flow of charged particles through a conductive material.
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SWBIECT mathematics L

ACTIVITY IN BRIEF

Students will learn to use the information found on appliances to compute the
cost of operation.

(BJECTIVE

After analyzing the cost involved in appliance operation, each student will be
able to state what is the best apnliance buy for energy conservation and
explain why it is.

MATERTALS TIME

worksheet 60 minutes
appliance catalog

LEARNING CYCLE

MAARENESS -~ Use the worksheet to fwmiliarize students with the enerqy cost to
operate various hcme appliances.

CONCEPT DEVELOPMENT - Use the appliance catalogs and have students look up the
wattage rating for various brands of appliances.

APPLICATION - Using the average hours used per year, have students make a cost
canparison of various brand appliances taking into consideration the purchase
price, life expectancy and yearly operational cost. Have them determine the
best appliance buy.

EVALUATION - Ask each student to state the best appliance buy and explain why.

PCLLO#-UP/BACRGROUND INFCRMATION
Pollow up activities: "Heir Conditioning"”

SOURCE OF ACTIVITY

Science Activities in Eneraqy, U.S. Dept of Enerqy; adapted by Dorothea Trost
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Chart Reading

When you buy an appliance, the manufacturer has indicated the wattage needed
to run this appliance. The utility company has estimated the average number ‘
nours this appiiance is used in one year by a customer. This information is W
needed to determine the number of kilowatt-hours an appliance is used. The
formula for this is: kwh = watts x time (hours)

1000

To find the yearly cost of using an appliance: multiply kilowatt-hours x $.07.

For example: Clock wattage = 2
average hours used per yr. = 8,760
kwh = 2 x 8760 = 17520 = 17

1000 1000

Appliance Average Average Hours Average kwh Estimated

Wattage Used Per Year Used Per Year Yearly Ccst
Clock 2 8,760 17 $1.19
Clothes Dryer 4,856 204 991 $69.37
Iron 1,008 143 144 $10.08
Radio 71 1,211 86 $ 6.02
Window Air
Conditioner 1,566 750 1,175 $82.25
Blender 386 39 15 $ 1.05
Coffee Maker 894 19 106 $7.42 '
Attic Fan 370 786 291 $ 20.37

Using the chart, answer the following:

1. Which of the appliances has the lowest (least) average wattage?

2. Find the appliance with the greatest yearly cost.

3. What appliance is used on the average of 119 hours per year?

4. One of the appliances uses 991 kilowatt-hours per year. Name this appliance.
5. Name the appliance that has an average wattage of 370.

6. Which appliance cost $10.08 to use for 1 year?

7. A toaster is used on the average 34 hours per year. Which appliance is used 5 more hours
than the toaster?

8. Which appliance has an average wattage of 1,008?

9. Which appliance cost approximately $1.00 to use fo: 1 yzar?

10. Which appliance is used the most in 1 year?
Objective: Reading a chart. °




M-73

18 FRITER BEETENY

SWBJECT Mathematics LEVEL S - 12

ACTIVITY IN BRIEF

Calculations are made to determine which is the best financial investment for a
farmer; a 37.3 diesel tractor with a three blade plow share (50 hp) or a team
of horses and single furrow mouldboard.

CBJBECTIVE

Each student will be able to discuss critically the relative value of simpler
vs. faster and larger systems.

MATERIALS TIME
worksheet 50 minutes
LEARNING CYCLE

BARRENESS - Given the task of traveling frem home to school, ask students to
list all of their options. Which requires the least capital investient? Which
takes longest? Which requires the least amount of energy expendi ture?

OONCEPT DEVELOPMENT - Determine the operational costs of the two different
systems; horse vs. tractor.

APPLICATION - Discuss what implications this cost comparison has econamically
for a famer who is still getting the same price for his product as he was
before faming became highly mechanized. What factors contribute to the loss
of profit? Do these factors represent an enerqy problem? Does our modern
system of tillage represent good energy econamics?

EVALUATION - Ask each student to write a paper ciritically discussing each
system.

FPOLLOW-UP/BACKGROUND INFORMATION

Althouch the metric wnit, the hectare, (ha.) is not in wide usage in the
agricultural field, it is introduced here as a sciencific unit. The guipment
used is of a smaller scale than most farming operations use today. Ask the
students vwhich expenses will increase and which will decrease. In light of
those, is larger machinery better?

SQURCE OF ACTIVITY

Enerqy in Society, Ministry of Education, Ontario, Canada; adapted by Dorothea
Trost

80



M-74

During the era of subsistence farming, the mouldboard single-furrow plow
was usually pulled by a team of horses with a cambined mass of 1500 kg and a
man to direct the plcw. Feed for the team of horses per day was 1 kg of oats
and a similar amount of hay for each 100 kg of the horses mass. This
consumption of enerqgy allowed the farmer to plow a .3m furrow to a depth of
.18m at a walking pace of 2.5 kmw/'hr. Assume *hat the oats cost $100/t (ton)
and that the hay cost $60/t.

In contrast, a 37.3 kw tractor with a three blade plowshare will cut a
width of 1lm to an .18m depth at a speed of Skm’hr. The fuel consumption varies
with soil conditions. The suggested amount to use is 1501/ha of diesel fuel at
a cost of 25 cents/L.

l. If each operator plows for 10 hours, find the cost per hectare for
each type of operation.

2. Which is the cheaper methcd of tillage? Which method permits greater
farmland productivity? Give your reasons.

3. Which method of operation requires more energy per hectare?
For energy comversion, use the following values:

diesel fuel = 38.4 MI/L (magajoule per liter)
oats = 3 MI/kg
hay = 1.5 MJ/kg

4. When the horses are not working, they require only half the amount of
oats and hay The capital investment of the two horses and plow is
$800 for the team and $150 for the plow, plus the feed and care by the
famer. Assuming that the horses are not used for work during 6
months of the year, what is the total investment of the farmer using
horses? Campare this to a farmer who has a capital investment of
£10,000 in his diesel tractor and plow.

5. If each farmer pays a preferred rate of interest of 10% on a
government loan for the capital investment and is permitted to
depreciate the capital investment to zero at the rate of 20% a year,
which farmer is better off financially?

NOTE: Livestock cannot be depreciated; when sold; they may be claimed as a
capital investment and are not taxable.
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STBSECT Mathematics LEVEL 9 - 12

ACTIVITY IN BRIEF

A cost of operation comparison is done for various types of faming operations
perfomed ip producing grain.

BJECTIVE

Each student will be able to identify what the enerqy consuming operations are
in growing crops and compare enerdqy costs for alternative farmirg methods and
devise & method of production which would be more econamical and better
ecologically.

MATERIALS TIME

Fuel Required for Field Operations class period
(Informmation fram Iowa State University
Cooperative Extencion Service.)

B

LEARNIIX CYCLE

AWARENESS - bscudents atve asked to compile a list of enerqy consuming operations
in grain farming. They will develop an operating plan and compute their costs
for a particular crop.

QONCEPT DEVELOPMENT - Present the students with information concerning
alternative farming methods.

APPLICATICY - Ask students to develop a second method of production which would
be more econamical and better ecologically.

EVALUATION - Ask each student to submit a production plan, identify its energy
costs and explain its ecoi. wmical and ecological advantages.

SCURCE OF ACTIVITY
Developed by Dorothea Trost.
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IMPLEMENTING THE ACTIVITY

1.

Have students compile a list of the energy costs in a grain farming
operation. a

Have students outline the steps in planting, cultivation and harvesting a
particular crop. If their family fams, have them use their current method
of operacion, otherwise have them outline a conventional method. Have them
canpute the amount of fuel that is consumed to carry out their proposed
plan.

Present students with the following information concerning alternative
tillage practices.

7. e moldboard plow, which has been used over the centuries to break,
aerate, and premare the seed bed for planting, also made the soil more
permeable for . iter absorption and reduced the competition by weeds for
soil nutrients. Fammers have come to recognize this "ccnvertional™ method
of plowing, discing and harrowing as the best way of preparing the seed
bed.

Recently, this method of tillage has been questioned by agrologists. With
the advent of selective herbicides, it is no longer necessary to destroy
weeds by the conventional methods. Agricultural research is experimenting
with a "no tillage", "spray plant" system. It is an energy-saver in
labor, time, fuel and the cost of machinery. Smaller machinery with a low
power demand that may use fram one-half to two-thirds less Giesel fuel is
designed to hreak the soil with a coulter disc; this followed by two other
discs whic! prezx “h: soil, incorporate fertilizer and seed all in one
operation. The only additiocnal operation needed is herbicide treatment for
weed control.

&

The spray plant system has several advantages in addition to the al ready
menticned econamic ones. Farmers can plant their seed at the optimum time
with resvect to soil and climatic conditions. The existing porosity of the
soil, which is brought about by previous plant roots &énd earth worm
activity, is not destroyed. The plant residue of the previous crop acts as
a surface mulch to prevent erosion and aids in water retention. Crop
productivity can equal crops produced by using conventional tillage
methods.

Have students develop an alternative method uf production which would be
more econamical and better ecologically. Campute the cost of production
msing the alternative plan.

2y, 4

)
Zz T

5 A
AI—

Z el
&




Q

ERIC

Aruitoxt provided by Eic:

Machinery

M-77

Management

FUEL REQUIRED FOR
FIELD OPERATIONS

The table below contains estimates of the average
cuantity of gasoline or diesel fue! required tfor teld
operations. The estimates in..lude only the fuel required
for actual field work. No allowance is included for
machine preparation or travel to and from the field.
Becuuse fuel consumption values for any particular
operation vary between tractors. soil type, etc., actual
fuel requirements may be as much as 35 percent higher
or lower than the values !isted inthe table

Fuel requirements for tillage machines were
salcutated tor a central lowa loam soil If your soul is
heavier. the values in the table Shouid be increased
shghtly Values were calculated for a 7-inch plowing

depth ano 4 to 5-inch operating depth for other tillage
machines Field speeds were assumed to be 4 to 5 mph
forall illage operations, 5 mphfor planting and spray:ng.
4 to 5 mph for forage harvesting machines, and 2 5 mph
1or corn and soybean harvesting.

The values for row-crop operations were calrulated
for 30-inch rows They should be adjusted for other row
widtts All values were calculated assuming efficient
materials handling in the field, proper tractor batlasting
to keep wheel shippage below 15 percent, properly tuned
and adjusted tractor engines, and part'sad tractor opera-
tion efhiviency by shufting up a gear and thictthing the
engine back

Approximate Fuel Required for Field Operations, in Gallons Per Acre.

Fuel Type
Field Operation Gasoline Dlese!
FERTILIZATION
Spreading dry fertilizer, bulk cart 020 015
Anhydrous ammonia {30-inch spacing; 080 060
TiLLAGE
Shredding cornstaiks 070 050
Moldboard plow 270 190
Chisel plow 170 120
Offset disk 135 095
Powered rotary tiller 230 160
Tandem disk, plowed field 100 070
Tandem disk, tilled field 0.5 060
Tandem disk, cornstalks 0.70 050
Field cultivate, plowed fiels 115 080
Field cultivate, tilled field 1.00 070
Spring-tooth harrow, plowed field 100 070
Spring-tooth harrow, tilled field 085 060
Peg-tooth harrow, tilled field 045 030
PLANTIN 3 (30-inch rows)
Planter, seed only, tilled seedbed 065 045
Planter with fertilizer and pesticide attachments, julled seedbed 0.85 0.60
Tui-planter (sweep) 085 060
No-till planter {fluted coulter) 0.70 050
Harrow-plant combination 130 090
Rotary strip till-plant 1.50 105
Graindrill 0.50 035
Broadcast seeder 020 015

(Table continued on back)

Prepared by George E Ayres. extension agncultural engineer

TR \

Cooperative Extension Service i o708
IOWA STATE UNIVERSITY ' November 1976
Ames. lowa 50011
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Approximate fuel required for field operations, in gallons per acre (continued)

Field Operation

Fuel Type
Gasoline  Diesel

WEED CONTROL (30-inch “ows)
Sprayer, trailer type

Rotary hoe

Sweep cultivator

Rolhing cultivator

Cultivator with disk hillers
Powered rotary cultivator

HARVESTING
Cutierbar mower
Mower-conditioner, PTO
Self-propelied windrower
Rake
Baler
Stack-forming wagon
Forage harvester
Green forage
Haylage
Corn Silage
High-moisture ground ear corn
Forage blower
Greenforage
Haylage
Corn silage
High-moisture ground ear corn
Combine, soybeans
Combine, corn
Corn picker
Gran drying, corn
Hauling, field pius Y2 mile on graveled road
Green forage
Haylage
Cornsilage
Corngrair.
Soybeans
Hauling, add f¢llowing values to those above
foreach adcitionai mile ongravel
Green forace
Haylage
Corn silage
Corngrain
Soybeans

015 010
€30 020
065 045
c60 040
0.65 0.45
1.00 070
055 035
085 060
070 050
035 025
065 045
0.70 0.50
1.35 0.85
180 1.25
520 360
2.75 1.80
050 035
035 025
200 140
065 045
© 70 110
235 160
175 115
1090 750
055 035
030 020
200 140
030 02)
012 008
020 014
030 0.20
130 090
020 015
007 005

Flle: Engineering 3-2

Cocpurative Extonsion Service iowa State Lniversty of Science and Technology and the
United States Departmert of Agrcutture cooperasing Cheries € Denhowe awrector
AMes lows Distributed in turtherence of the Acts of Congress of Mey 8 and June 30 1914

AND JUSTICE FOR ALL

Programs ang activites of Cooperatrve £alenson Servce art
313K 10 211 POLENLIJ Chetigie wrANOM (2G40 10 1ace COMOY
se3 O ALMON! OfGin Anyone who feels decnmuingied
220031 3hOuld N0 3 COMPIant wehin 180 Gays 10 ihe
Secretary of Agicullure Washngion € € 202%0
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BUFTINE TEE RILUWATY

SIBIECT Mathematics LEVEL

ACTIVI™ IN BRIEF

Students irvestigate home electrical consumption and costs.

(BJECTIVE

Each student will be able to:
-~ Calculate costs of operating various appliances per specified time
period.
- List appliancr:s which «an be operated on a fixed "electrical budget"”.

MATERIALS TIME

local electrical bills 2 class periods
copies of "Energy Consumption In The Hame"

LEARNING CYGLE

‘ BARARENESS - 1. Students bring hame electric bills. 2. Students estimate
consumption of household appliances.

CQONCEPT DEVELOPMENT - 1. Define KWH 2. Calculate actual consumption of
household appliances.

APPLICATION - Students construct a list of appliances which will be affordable
on a fixed energy budget.

EVALUATION - Have each student demo.strate their ability to calculate the
operating cost of an appliance, and list appliances which could be used with a
specified enerqy budget.

SCURCE OF ACTIVIZY

E.M.E./National Energy Foundation; adapted by Sue Marzinske
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ACTIVITY

1. Students will bring in examples of home electrical bills.

2. After examining the bills, have the students list hame appliances which use
electricity.

3. Rank the appliances listed according to the student's estimate of amount of
electrical consumption. (Or estimate the percent of total bill for each
appl iance.)

4. Define RWH.

5. Distribute "enerqgy consumption” charts.

6. Work several examples of calculating appliance costs per month and per
year.

7. Have students calculate the costs of several major appliances and compare
the costs with their estimates in step #3.

8. Students wil construct a list of desired appliances they can "afford” to

use if given an electrical energy budget of $ per month.




EJERGY CONSUMPTION IN THE HOME

Annual Enerqy Consumption (KWH)

AIR CONDITIONER 860
CAN OPENER 0.3
Q.0CR 17
CQLOTHES DRYER

(OFTEE MAKER

DISHYASHER

ELECTRIC BLANRET

FAN (VENTILATION)

FAN (FURNACE)

FLUCRESCENT LIGHT (THREE FIXTURES)

FOOD FREEZER, AUTOMATIC DEFROST, 16.5 CUBIC FEET
FOOD FREEZER, MANUAL DEFROST, 16 CUBIC FEET
FOOD MIXER

FOOD WASTE DISPOSER

FRYING PAN

HAIR IRYER

HOT PLATE (TWO BURNER)

IRON

LIGET BULBS

RADIO

RADIO/ PHONOGRAFH

RANGE WITH OVEN

REFRIGERATOR (FROST 7 ZE, 17.5 CQUBIC FEET)
SENVING MACHINE

SHAVER

M-381
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TELEVISION (BLACK AND WHITE)
TELEVISION (OOLOR)

TOASTER

VACUUM CLEANER

WASHER (AUTOMATIC)

Multiply the anrual enerqgy consumption (KWH) by the cost per EWH in your area
to Getermine the annual cost of :nergy consumed.

54

100
320
39
46

n3
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SBJECT Mathematics LEVEL 6 - 12

ACTIVITY IN BRIEF

Students will do problems involving percentages.

GBJECTIVE

Each student will be able to list three major forms of enerqy they use,
describe the work done with it and predict ways the amount consumed can be
reduced.

MATERIALS TIHME
werksheets class period
LEBARNDNG CYCLE

ANARENESS - Discuss with students the use of percentages in everyday
experiences.

CONCEPT LEVELOPMENT ~ Use the problems as drill work in solving problems
involving percentages.

APPLICATION ~ Discuss with students th2 various forms of energy used, what work
was accamplished and the various ways the energy used could be reduced.

EVALUATION - Have each student list three major forms of enerqy, describe work
which can be done with each form, and list ways of conserving each form

FOLLOW-UP/BACRGROUND INPORMATTON

SOURCE OF ACTIVITY

Adapted from Science Activities in Enerqgy, U.S. Dept. of Enerdy by Dorothea
Trost

(e
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TTTLE: Enerqgy Figures

1. Mrs. Grey drives her car an average of 200 milec per week and uses 20

gallons of gasoline. She wants an aut- that will travel the same distance
but use 0% less fuel. How much fuel will she then use per week?

A car uses 100% more gasoline than a motorcycle. If the motorcycle travels

100 miles and uses two callons. of gasoline, how much would the car use to
travel the same distance? (Hint: 2 gallons represents 160% for the
motorcycle.)

After having a motor tune up on her car, Mrs. Hatch's mpg (miles per
gallon) increased from 15 to 18. What was the percent of the increase?

4. Miss Redlin drives her car 20 miles per day to work. In the winter,
because of the ice and snow, her mpg decreases from 18 to 14. What is the
percent of decrease?

5.

During the year Mr. & Mrs. James' light and gas bill increased 15%. If the

average cost prior to the increase was $60 per month, huw much do they pay
after the increase?

Yo
F-'\




6.
7.
8.
9.
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The cost of a barrel of impcrted crude oil in 1974 was 300% of the cost of
a barrel of imported crude oil in 1973. If a barrel of imported crude oil
cost $12.52 in 1974, what was the cost of a barrel of oil in 1973? (Hint:
1973 cost = 100%)

Emission contro. standards for cars manufactured since 1970 require that
carbon monoxide (Q0) in exhaust fumes should not exceed 4%, A recent test
of a 1974 car indicated that 150,000 zubic centimeters (cm3) of an exhaust
sample contained 7,000 cubic centimeters of Q0.

&. Detemine how many cubic centimeters of Q0 equals 4%.

b. Determine how many cubic centimeters the QO must be reduced to
meet the 4% requirement.

A drop in speed from 70 mph to 50 mph increases the gasoline mileage by
20%. If your car can average 25 mpg at 70 mph, what mileage will your car
get if you drive at 50 mph?

To conserve energy, Mr. Beamer has deci’ed to insta’l a solar heatirg
system in his hane. The cost, excludiny taxes and finance charge, is
$5000. This installation will reduce his utility bill 60%. Presen+ly his
utility bill averages $700 per year.

a. How much money will be saved yearly after the installation?

b. If the federal goverrment provides a tax credit of 40% on the
first $1000 and 25% on the principal balance, what is the total
tax credit provided by the goverrment on the $5000 system?

c. How long will it take the savings in the utilicy bill to pay for
Mr. Beamer's reduced cost of $3600? (Assume the average ut’lity
bill will remain constant.)




