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NOTICE |

This unit was preparedfaé an aceount'of work sponsored by the United
States Government. Neither the United States nor the United States
Department of Energy, nor any of their employees, nor any of their

contractors, subcontractors, or their employees, makes any warranty,

express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use
would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, mark,
manufacturer, or otherwise, does not necessarily constitute or imply
its endorsement, recommendation, or favoring by the United States
Government or any agency .thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

Information on the Solar Energy
Education curriculum may be
obtained from:.

Solar Energy Pro;ect
c/o New York State Education Department
Albany, New York 12234

L field-test edition are solicited.

Your comments on and evaluation of this
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Copyright (¢) 1981 by the Research Foundation of State University of New York

on behalf of the Solar Energy Project.
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The Solar Energy Education Curriculum

The booklet in your hands is just one part of a series.
The Solar Energy Education materials include

a Solar Energy Text,
a Solar Energy Reader in four parts:
Energy, Society, and the Sun (general),
Sun Story (history and literature),
Solar Solutions (practical applications), and
Sun Schooling (classroom-oriented readings),
Solar Energy Education Activities for
Science,
Industrial Arts,
Home Economics,
Social Studies, and
Humanities (Art, Music, and English), and

Solar Energy Education Teacher’s Guides
to accompany the above activity booklets.

For more information on the Solar Energy Education
curriculum, contact

Solar Energy Project
c/o Curriculum Services
New York State Education Department
Albany, New York 12234
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INTRODUCTION

Without the sun's energy life could not exist, but most of the time
we take the sun for granted. In winter we think sunshine doesn't warm
us much. In reality, if the sun didn't exist, our environment would
cool to a molecule-stopping -273°C! Thanks to the sun, we only have to
raise our winter temperature about 10 to 30°C to be comfortable.

We've known for many decades that the sun's energy could be used to
great advantage but, because "conventional" fuels were cheap and easily
obtained, the idea of using sunshine had to wait. It waited for us to
demand more and more energy. It waited for us to develop fossil fuel
supply problems. It waited until now we have so many inefficient
machines that half the energy we use leaks away as wasted heat.

Surveys show that many Americans still believe the '"energy crisis"
to be contrived. People who seriously study the situation know that it
is real. Energy problems are many and complex, and efforts to solve
them are hampered by ignorance, confusion, and lack of consensus.

Knowing these things to be true, we in education also know that the
solution begins with education. Industrial arts is particularly well
suited to this task. Here students can learn the theories, and apply
and compare them by designing, building, and testing their own solar
energy devices. This kind of problem solving not only affords students
great satisfaction, but, best of all, teaches the concepts and values
that one day will bring us to an energy consensus. The activities
described on the following pages are intended to provide a start in this
direction.
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4 ANNOTATED LIST OF ACTIVITIES

/?
Activity 1 4;;>

Passive Solar Demonstrators

Students construct three passive solar
models--direct gain, indirect gain, and isolated
gain--and one "average house' model as a control. !
Each model illustrates the basic design features
of a passive solar system. I

Activity 2 |
{
Passive Solar Heating NNV
' - ‘ /“\:; ’/.Ih '/\/‘Q/’ %‘x
The four models constructed in the previous (' (e \/jlr-, 71
activity are fitted with thermometers to demon- N NN
strate their passive heating capacities. From o ///:
heating and cooling temperature data, students v . - RRTCVSYPY
determine how each model functions in passive ‘s ‘ i i i\ . Al /( (~
heating. 2
Activity 3 "
-

Passive Solar Cooling

Students adapt the four passive solar )
models for passive cooling by adding solar chim- - - //"' 3 .
neys, roof overhangs, and cool air inlet tubes. /,//‘ s
The models are tested to see which one provides
the greatest amount of passive cooling. //

Activity 4

A Photovoltaic Demonstrator

Solar cells are used in a test apparatus to
determine solar altitude and azimuth, solar
intensity, and the transmittance of solar col-
lector glazings.

Activity 5
How to Site a Solar Home

By preparing '"bird's-eye view' maps of a
potential home site, students learn how to
properly site a house for maximum solar gain and
energy conservation. Q




‘ii) Activity 6

A Thermosiphoning Collector

In this construction project students build
a solar collector which employs air as a trans-
fer medium. The collector can be mounted as a
window-box or vertical-wall collector, and
temperature data can be collected and analyzed
to determine how well the collector functions.

Activity 7

A Solar Water Heater in a Tote Tray

Recycled materials are used to build models
of solar hot water heaters. By calculating the
amount of heat each model delivers, students
compare the relative efficiencies of the water
heaters and try to account for the differences

in results.

Activity 8

A Bicycle Wheel Wind Turbine

A sophisticated wind electric conversion
system is constructed from a bicycle wheel.
Instrumentation is added so that students can
performance test the turbine under actual
operating conditiomns.

A Activity 9

%%(/ﬁ N Loading the Bicycle Wheel Turbine

7

The turbine constructed in the previous
activity is operated under constant wind speed
conditions. Students use a potentiometer to
simulate possible loads on the turbine. The
resulting data are analyzed to determine the
effect of load on a turbine's speed of rotationm.

Activity 10
The Bicycle Wheel Turbine’s Power Output

Again operating the turbine under constant
wind speed conditions, students study the rela-
tionship between the voltage drawn from the wind
turbine and its power output. The peak power of
the turbine is found for one wind speed.




HOW TO USE THE ACTIVITIES

The format of the solar activities has been specially planned to make the
activities easy for both you and the student to use.

The Teacher Information Sheet

Choosing an Activity

Looking over the Teacher Information
Sheet will help you to make a selec-
tion. Listed there are

courses and skill areas for the
activity and

skill and content objectives of
the activity.

Getting Background

The background information is meant
to save you time that might other-
wise have to be spent looking for
resources. For more information go
to the list of references at the
end of the Teacher Information
Section.

Preparing for the Activity

The Teacher Information Sheet also
provides

an advance planning section

suggested strategies for using
the activity

the activity's time frame

points for student discussion

possible modifications

typical results

methods of student evaluation
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The Student Activity Sheets

Orienting the Student

Before work begins, point out the parts of the activity:

the introduction, providing an overview

the objectives, setting expectations
prerequisite skills and knowledge
procedures for construction and use of apparatus
charts, tables, and graphs keyed to the procedure

questions to test student understanding

the "Looking Back' section, summarizing the activity
the "Going Further" section, suggesting more possible activities

Reproducing the Worksheets

Student worksheets are marked with a gray square

separately at the end of each activity.

These may be duplicated

for use in class

quantities, or

and are placed

to assemble as a separate student record book.

The following page numbers indicate student worksheets:
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OTHER SOLAR ENERGY PROJECT MATERIALS

The Solar Energy Project produces other materials to go with the industrial arts

activities. While some of these materials are still in preparation, others are

already available.

The Solar Text

a comprehensive treatment of the
solar field

S Depar\ment of Energy

v May 1987

Solar Energy
gducation

appropriate for adults or ad-
vanced secondary students

may serve as the framework for a
short course

has chapters that match individ-
ual activities

The Solar Reader

a compilation of articles from
popular periodicals

covers all forms of solar energy

Solar Solutiong

discusses the role of energy in
society, history, and art

includes special selections for
junior high students

Department of Energy

lar Ener y May 1987

us Departmen\ of Energy

Solar Energy
Education

The Science Activities

offer many ideas appropriate to
industrial arts

involve simple and inexpensive
equipment

are divided into booklets for
junior high science, earth sci-

ence, biology, chemistry and
physics, and general solar

topics

The Solar Activities for Other Disciplines

are grouped into booklets for
home economics, social studies,
and humanities

offer excellent opportunities
for teaming and interdiscipli-
nary work

Experiment

The emphasis of the Solar Energy Project materials is adaptability.
with the activities and supplementary materials and fit them to your teaching style.
Refer to the next section for ideas on how the project materials can be used.

v



Q TEACHING SOLAR ENERGY . ..

. in the Classroom

The solar activities for industrial arts are varied and adaptable. Try
one of these approaches:

The Infusion Approach

use activities in an existing course
select activities that reinforce
course skills and concepts

The Individualized Approach

allow activity selection to match
student skill

permit pacing by ability

provide a variety of projects and’
sharing of ideas

The Independent Study Approach

motivate the talented student

encourage supplementary reading

perhaps spell out responsibilities
in a contract

The Group Approach

use with low, high, or mixed ability groups
use to teach job sharing and division of labor
use to provide practice in production techniques

The Energy Mini-Course

group several activities around a common theme
use to attract new students to the industrial arts program

The Separate Energy Course

use the activities as a basis,
review other energy education materials (see bibliography),
evaluate and select materials, and then

i\i plan and develop the course
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TEACHING SOLAR ENERGY . ..

. . . beyond the Classroom

Competitions

e can offer motivation

\ :3§§§§ could involve a single class or several classes

\ might start with construction projects or a design
contest and evolve into an energy fair

Field Trips

are especially interesting for voca-
tional students
can include visits to building sites,
manufacturers, laboratories,
utilities, and related trades @
may yield speakers or materials for
future courses

The Alternative Energy Club

draws a broad spectrum of students
encourages outreach to the school and community
focuses effort of highly motivated students

The Energy Workshop

can be open to students, teachers, parents, or the

public ,

encourages deepening of your own expertise

can involve guest speakers, hands-on work, media G
presentations

could be incorporated into a continuing education
program



TEACHING SOLAR ENERGY . ..

. . . by Teaming with Other Teachers

Energy topics know no subject area bounds. In any school today,
energy lessons are being taught in home economics, social studies, and
science classrooms, as well as in the industrial arts shop. But students
are not necessarily learning the interrelatedness of energy concepts,
issues, and problems. How can you provide the needed connections?

The Unstructured Approach

Informally invite another teacher into your classroom, just to see
what's going on, or to discuss a topic or help teach a skill. A social
studies teacher can discuss energy politics. A math teacher can help with
energy calculations. No matter what the lesson, students begin to see
that the importance of energy goes beyond the industrial arts classroom.

Structured Team Teaching

When a team has scheduled planning time and classroom space, inte-
grated semester programs can be offered. A typical team combination may
include a science, an industrial arts, and a social studies teacher.
Although a more demanding way to teach energy, the rewards are also greater.

An Energy Fair

By setting aside a special school day where all disciplines present
programs and coordinate activities, you illustrate the interconnectedness
of energy issues.

The Resource Center

The industrial arts shop can become an
energy resource center. The energy books,
pamphlets, catalogs, and other teaching aids
collected by the industrial arts teacher can
serve as valuable sources, for students pre-
senting reports in other classes or for
teachers interested in expanding energy edu-
cation to their own classrooms.

..... A Final Note

Just a word of caution about those
cloudy, rainy, or windless days. It's not
always possible to test out apparatus on the
day you've planned for, so alternative
activities for marginal days should always
be up your sleeve.

11
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THE ART OF SCROUNGING

or Teaching the Concept of Recycling

If you're asking youself whether it's worth investing your time and
effort in collecting scrap materials to use in teaching solar energy,
then consider the following..

What better way is there to reinforce the concept of energy con-
servation than to recycle materials in the school program? There are
no losers in this '"game of scrounging', only more creative students and
teachers, who have also learned the value of recycling materials for yet
another use.

Scrounging should not be thought of as a replacement for the normal
industrial arts supply budget. It can, however, supplement a budget
allocation dwindling due to rising inflation.

For a teacher introducing energy concepts into the classroom for the
first time, one sure problem is finding adequate supplies and materials.
There is no one comprehensive and inexpensive source. But rather than
giving up because you didn't budget last year for that energy activity
you'd really like to teach this year, start making contacts with and seek
help from local industry, manufacturers, and related energy trades.

Determine which regional industries
make surplus materials available to
schools. Give them a list of your
needs and check back with them often.

Don't overlook local tradesmen and
shops as a source of scrap. Leave a
container in each shop and check it
periodically.

If possible or necessary, send a
school truck or other vehicle to
pick up scrap materials.

Use your students as a "scrounging
force'". If practical, use a problem-
solving technique to incorporate the
use of scrap materials into energy
activities.
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. . . for Solar Glazing

Use scraps of polyethylene plastic
film.

Check with local glass companies
for scrap or surplus glass.
(Exercise caution when handling

glass.)

Check with local plastic companies
for surplus sheet stock.

01d storm windows may be usable.

.. . for Solar Concentrating Surfaces

Leave containers for scrap mirror stock with local glass companies.
Check them periodically,

Look for aluminized mylar gift wrapping at better gift shops.

Use aluminum foil (or aluminum pastry containers) as an inexpensive
surface.

Use discarded snow dishes or snow saucers as parabolic reflectors.

Borrow overhead projector lenses from your audio-visual department.

... for Solar Absorber Materials

Check with local sheet metal contractors for scrap.
Remove coils and plates from junked refrigerators.
Look for scrapped corrugated metal.

Check with solar suppliers and dealers for scraps and damaged materials.

. . . for Insulation Materials
Have students look at home for left-over insulation materials.
Check with local carpet dealers for scraps of foam carpet padding.

Use foam packing materials or even sawdust or newspaper.
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. . . for Heat Storage Containers

1. Collect ditto fluid containers from school offices. Q

2. Obtain tin cans, plastic milk containers, and plastic pails from the
school cafeteria.

3. Check with local plumbers and scrap dealers for water storage tanks.

. . for Photovoltaic Supplies

1. Look into low-cost surplus solar cells from industrial sources. You
may have to solder leads onto the cells, however.

2. Obtain discarded meters and other electrical components from regional
industries and laboratories or from surplus stores.

3. Find out what can be borrowed from your school science department.

4. Check with local electronics stores for damaged, defective, or
returned equipment and supplies.

... for Wind Energy Supplies

Construct wind turbines from "L'Eggs"
pantyhose containers, bicycle wheels,
and oil drums.

Locate an unused farm windmill or wind
generator. With a tax write~off as an
incentive, the owner might donate the
windmill for a class reconstruction.
project,

Collect speedometers, belts, pulleys,
gears, chains, and sprockets from auto-
mobiles, lawn mowers, and bicycles.

Be on the alert for small D.C. motors,
bicycle generators, auto generators,
and alternators.

5. Use old batteries to store wind energy.
Sources of used batteries include auto
junk yards, telephone companies, sur-
plus dealers, government surplus depots,
and golf courses where electric carts
are used.




15

SOLAR SAFETY

General Considerations . . .

As with all industrial arts projects, it
is of utmost importance to take the
necessary safety precautions when working
on solar energy activities.

NS

General lab safety requirements include y

the provision of

properly laid-out machines and furniture,

adequate illumination, ventilation, and
temperature control,

fire protection and extinguishers,

a means of emergency exit,
- proper housekeeping and storage practices,

- well-maintained equipment, with proper
safety guards,

- safe wiring and electrical installations,
- safe gas connections and controls,

- eye safety glasses and shields,

- instruction in lab safety, and

- an accident record system.

Proper body protection also needs consideration. In general, the
body should be protected in the following ways for solar safety.

The head: Wear hard hats when working on wind energy systems and
wind towers.
The eyes: Wear safety glasses or goggles at all times.

Use a #10 arc welding shade when setting up, focusing,
and operating concentrating collectors.

When photographing collectors, caution students about
the dangers of magnifying view finders.

Wear plastic face shields when working on solar col-
lectors using hot water transport.

Do not wear sunglasses. They provide only minimal
protection.

Don't look at the sun.




The ears: Wear ear protectors during noisy operations such as planing
wood or cutting and forming metals. Q

Wear ear protection when operating chain saws.

The nose

and mouth: Use respirators for protection against dust, and when spray
painting, installing insulation, or wicking asbestos on
stoves.

.

The body: Wear shop aprons or coats, leather aprons, or asbestos aprons :
and leggings when handling hot materials.

The hands: Wear leather gloves when handling hot hoses, fittings, or
parts.

Wear appropriate gloves for welding and foundry operations.

Remove rings and bracelets when operating mechanical equipment.
(Long necklaces should also be removed.)

The feet: Wear hard-toed shoes or shoe protectors when handling heavy
metal pieces such as water tanks, collectors, or wind turbines.

... and Specific Considerations . . .

. . . for Solar Collectors

1. Use arc welding eye protection
when making operating adjust-
ments.

2. Handle absorber/collector units
with caution.

3. Do not allow lead or cadmium to
contaminate drinking water.

4. Properly place pressure/tempera-
ture safety valves in active or
thermosiphoning hot water
systems.

5. Do not use wood as an absorber,
spacer, or inner frame member in
"collector construction.

6. Have boilers inspected and
approved before use.




. . for Wind Systems

1.

2.

1.

2.

Balance blade units.

Install governing systems for high wind
conditions,

Provide ground-activated brake systems.
Use welded steel towers or poles.
Provide work platforms and "tool pockets".

Wear hard hats and safety glasses. Use
climbing belts above ground.

Install proper fuses in circuits. Provide
an adequate metering and control panel.

Wear safety glasses and exercise caution
when handling batteries and battery acids.

Protect against arcing when batteries are
charging.

. for Hydropower Systems

Balance turbine units.

Install guards on mechanical shafts, belts,
and drives.

Provide adequate pressure housings.

Install adequate shut-down and run-off
valves.

Include acceptable power control, wiring, and
charging systems.

Dams should be constructed to survive spring
run-off conditions.

. for Biofuels Systems

Woodstoves:

1.

2.

Use proper welding and construction techniques.

Make sure woodstove legs are the proper length
to protect floors from extreme heat. Install
heat shields on walls and floors.

Install dampers and flue vents to provide
controls against overheating.

17




18

4, Use sand or refractory bricks to
protect the stove metal from
overheating.

5. Allow for expansion and contrac~
tion of stove parts.

6. Always use properly located tem-

perature/pressure safety valves
in wood-heated hot water systems.

7. In hot water plumbing systems,
avoid overhead elbows which might
trap steam.

8, Unless proper procedures are

followed, avoid welding propane
or galvanized steel tanks.

Alcohol and Methane Systems:

1. Provide adequate ventilation.

2. Use temperature/pressure devices
as required.

3. Once alcohol or methane generation
begins, provide for adequate

storage of the product.

Use protective procedures, including '"No Smoking' and 'No Open Flame"
warning signs.

Avoid leaks in the system.
Monitor operating procedures.

Properly contain and control volatile liquids and gases.

.. for Energy Conservation

1.

Use respirators, safety glasses, long sleeves, and gloves when handling
insulation.

Do not insulate around recessed lights.

Provide adequate ventilation when using insulating foams. Be aware
of the possible safety problems with urea-formaldehyde foam.

Insulate hot water heaters according to safe, accepted procedures.
Caution students about possible adverse health effects from an overly

tight house. Explain the use of air-to-air heat exchangers and venti-
lation systems for kitchen and bath.




METRIC CONVERSIONS
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Base Units

Common Prefixes

gram (g)

meter (m)

square meter (m)
liter (1)

calorie (c)

degree Celsius (°C)
kilometer per hour (km/hr)

weight or mass
length

area

volume

heat

temperature
speed (velocity)

milli 1/1000 or 0.001
centi = 1/100 or 0.01
kilo 1,000

English units of measure have been used throughout the student
While we would have preferred to use metric units, there are two

activities.

Converting English Units to Metric Units

reasons why we did not:

It is difficult to obtain metric-sized lumber, accessories, and
tools from today's construction industry.

It seemed cumbersome and confusing to report so many measurements

in dual units.

The table below is intended to aid those who wish to use metric
measurements with students.

) — Multiply By
Unit of Measure English Unit Metric Unit Symbol
«+— Divide By
Length inches 2.54 centimeters cm
feet 30.0 centimeters cm
feet 0.3 meters m
yards 0.91 meters m
miles 1.61 kilometers km
Area square inches 6.5 square centimeters cm2
square feet 0.09 square meters mé
square yards 0.8 square meters m?
Mass (Weight) ounces 28 grams g
pounds 0.45 kilograms kg
Volume gallons 3.8 liters 1
cubic feet 0.03 cubic meters m3
Temperature degrees —>5/9~(af?er degrees oC
Fahrenhei subtracting 32) Colai
ahrenheit < 9/5 plus 32 elsius
Heat Btu 252 calories c
Speed miles per 1.61 kilometers km/hr
hour per hour




A SHORT SOLAR GLOSSARY

absorber: a surface, usually blackened metal, which absorbs solar radia-
tion and converts it to heat energy in a solar collector.

active solar energy system: a system which requires external mechanical
power (motors, pumps, valves, etc.) to operate the system and to
transfer the collected solar energy from the collector to storage or
to distribute it throughout the living unit. Active systems can pro-
vide space heating and cooling, domestic hot water, and/or steam for
industrial use.

altitude: the angular distance from the horizon to the sun.

azimuth: the angular distance from true south to the point on the
horizon directly below the sun.

Btu: British thermal unit, a unit for measuring heat; a Btu is the
quantity of heat necessary to raise the temperature of one pound of
water one degree Fahrenheit. It equals 252 calories.

calorie: a metric unit of heat energy; the amount of heat needed to raise
the temperature of one gram of water one degree Celsius. It equals
0.0039 Btu.

collector: any of a wide variety of devices (flat-plate, coﬁcentrating,
vacuum tube, greenhouse, etc.) which collect solar radiation and con-
vert it to heat.

collector efficiency: the fraction of incoming radiation captured by the
collector. If a system captures half of the incoming radiation, the
system is 507 efficient.

conduction: the transfer of heat energy through a material by the motion
of adjacent atoms and molecules.

convection: the transfer of heat energy from one location to another by
the motion of fluids which carry the heat.

direct solar gain: a type of passive solar heating system in which solar
radiation passes through the south-facing living space before being
stored in the thermal mass.

earth berm: a bank of dirt that abuts a building to stabilize interior
temperature or to deflect the wind.

energy: the ability to do work or make things move; the application of a
force through a distance. Energy exists in a variety of forms (elec-
trical, kinetic or motion, gravitational, light, atomic, chemical,
heat) and can be converted from one to another. Common units are
calories, joules, Btu, and kilowatt-hours.

eutectic salts: a group of materials that melt at a low temperature, and
.absorb large quantities of heat in the process.

-
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flat-plate collector: an enclosed, glazed panel containing a metal
absorbing surface that converts sunlight to heat without the aid of
a reflecting surface to concentrate the rays. The collector transfers
its heat to a circulating fluid.

generator: a device that converts heat or mechanical energy into elec~-
trical energy.

Glauber's salts: sodium sulfate decahydrate, a eutectic salt that melts
at 90 degrees Fahrenheit and absorbs about 104 Btu per pound as it
does so; inexpensive, used for storing solar heat.

glazing: the transparent or translucent cover of a solar collector (also:
cover plate), or that material which forms a window or skylight. In
solar applications, glass or acrylic is usually used as a glazing.

greenhouse effect: a phenomenon which converts solar radiation to heat.
Sunlight penetrates glazing quite easily but, when absorbed by objects
behind the glazing, is reradiated as heat which does not penetrate the
glazing as easily. Heat is thereby trapped and can be used.

heat capacity (specific heat): the quantity of heat required to raise

the temperature of a given volume of material by one degree in a given
system of measurement.

heat sink: a medium (gas, liquid, or solid) capable of accepting and

storing heat.

horizontal shaft wind turbine: a wind machine on which the shaft to which

the rotors are attached is parallel to the earth.

hybrid solar energy system: a system that uses both active and passive

methods to operate.

indirect solar gain: a type of passive solar heating system in which the

storage is placed between the collecting and the distributing surfaces
(example: Trombe wall, water wall, or roof pond).

infiltration: the uncontrolled movement of outdoor air into a building

through cracks around windows and doors and in walls, roofs, and floors.

infrared radiation: the invisible rays just beyond the red of the visible

spectrum; their wavelengths are longer than those of the spectrum colors
and they have a penetrating heating effect.

insolation: the amount of solar radiation (direct, diffuse, or reflected)

striking a surface exposed to the sky; measured in watts per square
meter or Btu per square foot.

insulation: material with high resistance (R-value); used to retard heat

flow.

isolated solar gain: a type of passive solar heating system in which heat

is collected in one area (sunspace, attic collector) and used in
another (living spaces).



langley: a measure of solar radiation; it equals one calorie per minute
gley q P
per square centimeter, or 3.69 Btu per square foot.

passive solar energy system; an assembly of natural and architectural
components which converts solar energy into usable or storable thermal
energy (heat) without mechanical power. Current passive solar energy
systems often include fans.

photovoltaic cell: a device which converts solar energy directly into
electricity. Sunlight striking certain materials (silicon, most common)
causes the release of electrons. The migration of these released
electrons produces an electrical current. The conversion process is
called the photovoltaic effect.

power: energy used per unit time. The power rating of a particular light
bulb, say a 100-watt bulb, is that rate at which the bulb consumes
energy.

radiation: the method by which heat is transferred through open space.
About 60% of the heat transferred to a room from a wood stove is by
radiation. Sunlight travels to us by radiation through the void of
space at "the speed of light", 299,728 kilometers per second.

renewable energy source: an energy source which replenishes itself; solar
energy and certain forms derived from it, such as wind, biomass, and
hydro.

retrofit: to modify an existing building by adding a solar heating or
cooling system, or insulation to improve its energy efficiency.

rotor: a rotating blade or other surface moved by the wind.
R-value: the measure of resistance to heat flow; thermal resistance.

solar energy: the electromagnetic radiation emitted by the sun. The earth
receives about 4200 trillion kilowatt-hours of solar radiation per day.

solar greenhouse: a sun space containing thermal mass and used to grow
plants.

stagnation: a high temperature condition occurring in a solar collector
when the sun is shining and no fluid is flowing through the collector;
temperatures range from 250 degrees Fahrenheit to 400 degrees
Fahrenheit, depending on collector design. Any condition under which
a collector is losing as much heat as it gains.

storage: the device or medium that absorbs collected heat and stores it
for later use.

sun space: an attached, glazed room from which heat is withdrawn to the
living space during the day.

sun tempering: when solar energy contributes to the energy efficiency of
a structure, but is not the main energy source. Q
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temperature: a measure of the energy of motion of the atoms and molecules
of a substance. Thermometers and thermistors are used to measure an
object's temperature. The tip of a burning match has a high temperature,
but the object as a whole might contain very little heat due to its size.

thermal mass: mass used to store heat energy, usually collected solar
energy. Rock bins, sand beds, and containers filled with water or

eutectic salts have been used successfully as thermal masses.

thermosiphoning: heat transfer in a fluid (air, liquid) by means of
currents resulting from the natural fall of heavier, cooler fluid and

rise of lighter, warmer fluid.

transfer medium: the substance that carries heat from the solar collector
to storage or from storage to the living areas.

Trombe wall: masonry, typically 8 to 16 inches thick, blackened and exposed
to the sun behind glazing; a passive solar heating system in which a
masonry wall collects, stores, and distributes heat.

turbine: a motor, the shaft of which is rotated by a stream of water,
steam, air, or fluid from a nozzle and forced against the blades of a

wheel.

vertical shaft wind turbine: a wind machine on which the shaft to which
the rotors are attached is perpendicular to the earth.

watt: a unit of measure for electrical power equal to the transfer of one
joule of energy per second. The watt is the unit of power most often
associated with electricity, determined by multiplying required volts by
required amperes. One horsepower = 746 watts.

weatherstripping: reduces the rate of air infiltration by making sure
that all doors and windows fit their frames snugly; for example,
puttying around windows.

WECS (wind energy conversion system): a system which converts mechanical
energy from the wind to electricity, heat, or fuel which is used
directly or stored.

wind turbine generator: a wind machine, powered by a rotating blade or
propeller, that drives an electric generator.

work: a force acting against resistance to produce motion in a body; mea-
sured by the product of the force acting and the distance moved against
the resistance.
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BIBLIOGRAPHY OF SOLAR TEACHING AIDS

Books for General Reference

Blueprint for Survival, edited by The Ecologist.

(New American Library, 120 Woodbine Street, Bergenfield, NJ 07621,
1972, $1.50/paper.)

Brown's Alcchol Motor Fuel Book, M. H. Brown.

(Desert Publishers, Star Route, Box 1935, Cornville, AZ 86325, 1979,
$9.95.)

Consumer Handbook of Solar Energy, John H. Keys.

(Morgan & Morgan, 145 Palisades Street, Dobbs Ferry, NY 10522, 1979,
$10.95/paper.)

Direct Use of the Sun's Energy, Farrington Daniels.

(Ballentine Books, 210 East 50th Street, New York, NY 10022, 1974,
$1.95/paper.)

Energy: A Crisis, A Dilemma, Or Just Another Problem?, Jesse S. Doolittle.

(Matrix Publishing Co., 27 Benefit Street, Providence, RI 02904, 1977,
$12.95/paper.)

Energy and Order, Mark Terry & Paul Witt.

(Friends of the Earth, Inc., 124 Spear, San Francisco, CA 94105, 1976,
$3,00/paper.) '

Energy Book I and II, edited by John Prenis.

(Running Press, 38 South 19th Street, Philadelphia, PA 19103, 1977,
$5.00/paper.)

New Low Cost Sources of Energy for the Home, Peter (Clegg.

(Garden Way Publishing Co., Charlotte, VT 05445, 1975, $7.95/paper.)

Energy Primer, Richard Merrill et al.

(Portola Institute, 558 Santa Cruz Avenue, Menlo Park, CA 94025, 1975,
$5.50/paper.)

Energy Savers Catalog, editors of Consumer Guide.

(G. Putnam's Sons, 1050 Wall Street, West Lyndhurst, NJ 07071, 1977,
($6.95/paper.)

Engineer's Guide to Solar Energy, Yvonne Howell & Justin A. Bereny.

(Solar Energy Information Services, 18 Second Avenue, P.0. Box 204,
San Mateo, CA 94401, 1979, $29.50/paper.)

The Fuel Savers: A Kit of Solar Ideas for Existing Homes, Dan Scully et al.

(Brick House Publishing Co., 3 Main Street, Andover, MA 01810, 1978,
$2.75/paper.) .

Handbook of Homemade Power, Mother Earth News Staff,

(Bantam Books, 666 Fifth Avenue, New York, NY 10019, 1974, $2.95/paper.)

Harnessing Water Power for Home Energy, Dermot McGuigan.

(Garden Way Publishing Co., Charlotte, VI 05445, 1978, $4.95/paper.)
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Home Energy for the Eighties, Ralph Wolfe and Peter Clegg.
(Garden Way Publishing Co., Charlotte, VT 05445, 1979, $10.95/paper.)

Homeowner's Guide to Solar Heating, Sunset Books.
(Lane Publishing, Willow & Middlefield Roads, Menlo Park, CA 94025,

1979, $3.95.)

How to Build the Michigan Airtight Stove, S. S. Miner.
(Miner Machine Developing Co., 1411 Harrah Road, Niles, MI 49120, 1978,

$5.00.)

In the Bank Or Up the Chimney?
(Chilton, School Library Services, 201 King of Prussia Road, Radnor, PA

19089, 1976, $1.95/paper.)

Introduction to Appropriate Technology, R. J. Congdon.
(Rodale Press, 33 East Minor Street, Emmaus, PA 18049, 1977, $6.95/paper.)

Limits to Growth, Donella H. Meadows et al.
(Signet - New American Library, 120 Woodbine Street, Bergenfield, NJ

07621, 1972, $1.50/paper.)

New Inventions in Low Cost Solar Heating, William A, Shurcliff.
(Brick House Publishing Co., 3 Main Street, Andover, MA 01810, 1979,

$12.00/paper.)

100 Ways to Save Energy & Money in the Home, Office of Energy Conservation.
(Conservation Books, P.0. Box 3500, Station C, Ottawa, Ontario, Canada
K1Y 4Gl, 1979, free.)

Other Homes and Gargage, Jim Leckie et al,
(Sierra Club Books, 530 Bush Street, San Francisco, CA 94108, 1975, $9.95.)

The Passive Solar Energy Book, Edward Mazria.
(Rodale Press, 33 East Minor Street, Emmaus, PA 18049, 1979, $12.95/paper.)

Practical Building of Methane Power Plants for Energy Independence, L. John Fry.
(L. John Fry, 1223 North Nopal Street, Santa Barbara, CA 93103, 1974,

$12.00/paper.)

Rainbook: Resources for Appropriate Technology, editors of Rain.
(Schocken Books, Inc. 200 Madison Avenue, New York, NY 10016, 1977,

$7.95/paper.)

Rays of Hope, Denis Hayes.
(W. W. Norton, 500 Fifth Avenue, New York, NY 10036, 1977, $3.95/paper.)

Simplified Wind Power Systems & Experiments, Jack Paar.
(Helion Corp., Box 445, Brownville, CA 95919, 1975, $6.00.)

Small is Beautiful: Economics As If People Mattered, E. F. Schumacher.
(Harper Row, Keystone Industrial Park, Scranton, PA 18512, 1975,

$2.95/paper.)

Soft Energy Paths: Towards a Durable Peace, Amory B. Lovins.
(Harper Row, Keystone Industrial Park, Scranton, PA 18512, 1979,

$3.95/paper.)
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Solar Age Resource Book, editors of Solar Age.

(Everest House, 1133 Avenue of the Americas, New York, NY 10036, 1979,
$9.95/paper.)

Solar Cells & Photocells, Rufus T. Turner.

(Howard W. Sams & Co., Inc., 4300 West 62nd Street, Indianapolis, IN
46206, 1980, $4.95/paper.)

Solar Energy Series, I, II, III, William H. Rankins, III, & David A. Wilson.

(Lorien House, P.0. Box 1112, Black Mountain, NC 28711, 1976, $4.00.)

Solar Workbook.

(New York State Energy Office, 2 Rockefeller Plaza, Albany, NY 12223,
Attn: Solar Workbook, 1980, Free.)

Sun/Earth, Richard Crowther.

(Scribner & Sons, 597 Fifth Avenue, New York, NY 10017, 1978, $8.95/
paper.)

Sunspots, Steve Baer,

(Zomeworks Corp., P.0. Box 712, Albuquerque, NM 87103, 1977, $4.00/paper.)

Survival Scrapbooks 1-2-3, Stefan A. Szczelkun.

(Schocken Books, Inc., 200 Madison Avenue, New York, NY 10016, 1973,
$3.95/paper.)

Village Technology Handbook.

(VITA, 3706 Rhode Island Avenue, Mount Rainier, MD 20822, contact VITA
for price.)

Wind & Windspinners, Michael A. Hackleman.

(Peace Press, Inc., 3828 Willat Avenuve, Culver City, CA 90230, $8.95/
paper.)

Wind Power for Farms, Homes, & Small Industry, Jack Paar & Dick Schwind.

(Superintendent of Documents, U.S. Government Printing Office, Washington,
DC 20402, 1978, $9.25/paper.)

Wood Heat, John Vivian.

(Rodale Press, 33 East Minor Street, Emmaus, PA 18049, 1978, $7.95/paper.)

Books for Students

Solar Fun Book, John Barling,
(Brick House Publishing Co., 3 Main Street, Andover, MA (01810, 1980,

§7.95.)

Solar Energy: Solar Education for the 80's, Frank Jenkins et al.
(J.M. LeBel Enterprises Ltd.,, 10372-60 Avenue, Edmonton, Alberta, Canada
T6H 1G9, 1980, contact publisher for prices.)

Solar Energy Experiments, Thomas W. Nortom.
(Rodale Press, 33 East Minor Street, Emmaus, PA 18049, 1977, $5.95.)

-
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Solar Energy Laboratory Manual, W. Douglas Davis.
(Crystal Productions, Box 11480, Aspen, CO 81611, 1979, $5.95.)

Solar Science Projects, D. S. Halacy, Jr.
(Scholastic Book Services, 50 West 44th Street, New York, NY 10036,
1974, $.85.)

. Magazines and Newsletters

Alternative Sources of Energy
(107 South Central Avenue, Milaca, MN 56353, $16.50/year.)

Current Energy & Ecology .
(Curriculum Innovations, Inc., 3500 Western Avenue, Highland Park, IL

60035, $3.95/year per student.)

Energy & Education
(National Science Teachers Association, 1742 Connecticut Avenue,

Washington, DC 20009, free.)

Energy Consumer .
(DOE Office of Consumer Affairs, Room 8G082, Washington, DC 20585,

free.)

Energy Insider
(Mail Stop, 8G031, Washington, DC 20585, free.)

Harrowsmith
(Camden House Publishers, Camden East, Ontario, Canada KOK 1J0, $10.00/

year.)

Home Energy Digest
(8009 34th Avenue South, Minneapolis, MN 55420, $7.95/year.)

New Shelter
(Rodale Press, 33 East Minor Street, Emmaus, PA 18049, $9.00/year.)

Popular Science
(Box 2871, Boulder, CO 80302, $11.94/year.)

Solar Age
(P.0. Box 4934, Manchester, NH 03108, $20.00/year.)

Solar Energy Digest
(William B. Edmondson, Box 17776, San Diego, CA 92117, $38.00/year.)

Solar Engineering Magazine
(G.P.0., Box 1736, Brooklyn, NY 11202, $20.00/year.)

Solar Heating & Cooling
(Gordon Publications, Box 2106R, 20 Community Place, Morristown, NJ

07960, $8.00/year.)
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Resource Organizations and Agencies

ASHRAE
345 East 47th Street, New York, NY 10017
(Publications catalog and price list)

Brace Research Institute
McDonald College of McGill University, Ste. Anne de Bellevue, Quebec,

Canada
(Do-it-yourself plans and leaflets)

Center for Renewable Resources
1001 Connecticut Avenue, NW, Suite 510 Washington, DC 20036
(Sources of funding and educational materials)

Mid-America Solar Energy Complex
Alpha Business Center, 8140 26th Avenue South, Minneapolis, MN 55420

NASA
George C. Marshall Flight Center, AL 35812
(Solar publications list)

The National Center for Appropriate Technology
Box 3838, Butte, MT 59701

National Solar Heating and Cooling Information Center
Box 1607, Rockville, MD 20850 (800-523-2929)
(Pamphlets, bibliographies, factsheets)

National Wildlife Federation
1412 16th Street, NW, Washington, DC 20036
(Pamphlets, magazines, catalogs)

New York Alliance to Save Energy
36 West 44th Street, Room 709, New York, NY 10036
(Energv Directory and Bibliography)

Northeast Solar Energy Center
470 Atlantic Avenue, Boston, MA 02110
(Brochures, newsletters, and curriculum materials)

Solar Energy Research Institute
1536 Cole Blvd., Golden, CO 80401
(Solar Energy Information Locator)

Solar Lobby v
1001 Connecticut Avenue, SW, Suite 510, Washington, DC 20036
(Newsletters and brochures)

Solar Science Industries
10762 Tucker Street, Beltsville, MD 20705
(Catalog of solar energy books)

Southern Solar Energy Center
61 Perimeter Park, Atlanta, GA 30341
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Superintendent of Documents
U.S. Government Printing Office, Washington, DC 20402
(Solar Energy Bibliography SP-009)

Total Environmental Action
Church Hill, Harrisville, NH 03450
(Catalogs, books, plans, appropriate technology workshops)

U.S. Department of Energy
Technical Information Center, Box 62, Oak Ridge, TN 37830

(Books, brochures, posters, technical data)

VITA
3706 Rhode Island Avenue, Mount Rainier, MD 20822

(Simple survival technologies)

Western Solar Utilization Network
Pioneer Park Building, Suite 800, 715 S.W. Morrison, Portland, OR 97205

Your local Cooperative Extension Office

Your State Energy Office

Audio-Visual Materials

Modern Talking Picture Service
200 L Street NW, Washington, DC 20036; 16 Spear Street, San Francisco,

CA 94105 (Energy films)

Solar Lobby
1001 Connecticut Avenue, NW, Suite 510, Washington, DC 20036

(Comprehensive energy A-V listing, Solar Energy Education Bibliography,
$3.75 + 15% shipping)

3-M Company
Visual Products Division, 3-M Center, St. Paul, MN 55101

(Energy films)

Total Environmental Action
Church Hill, Harrisville,NH 03450
(Solar slides)

U.S. Department of Energy Film Library
Box 62, Oak Ridge, TN 37830
(Energy films)

Zomeworks Corp.

Box 712, Albuquerque, NM 87103
(Solar slides)

Your local gas or electric utility

Your State Energy Office
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Solar Suppliers

Catalog of Instructional Materials
(American Association for Vocational Instructional Materials, Engineering

Center, Athens, GA 30502.)

Catalog of Instructional Materials

(Hobar Publications, 1234 Tiller Lane, St. Paul, MN 55112.)

ED-U-SOL Solar Kits
(Systems Using Nature, Ltd., Box 230, Ballston Lake, NY 12019.)

Guide to Home Energy

(Mother Earth News & Bookstore, Box 70, Hendersonville, NC 28791;
solar and appropriate technology plans and component kits.)

Kwasnoski Solar Ed Kit

(Cooper Solar Dist. Co., 1627 Litchfield Turnpike, Woodbridge, CT 06525.)

People's Solar Source Book
(Solar Usage Now, 450 East Tiffin Street, Bascom, OH 44809; solar
components catalog, $5.00.)

Solar Components

(Zomeworks, Box 712, Albuquerque, NM 87103.)

The Solar Components Book

(Solar Components, Division of Kalwall Corp., Manchester, NH 03105;
solar components and hardware.)

Solar Shop Catalog

(Solar Unlimited, Inc., Box 337, Clay, KY 42404; catalog, $2.00.)

Solarette Solar Kit

(Solar Heat Corp., 108 Summer Street, Arlington, MA 02174.)

The Sotz News

(Sotz Corp., Columbia Station, OH 44028; wood-burning components and
stove equipment.)

Edmund Scientific Co.
Edscorp Building, Barrington, NJ 08007
(science/solar materials)

Small Engine Distributors
1000 West 12th Street, Kansas City, MO 64101
(wholesale small engine components)

W. W. Grainger, Inc.
5959 Howard Street, Chicago, IL 60648
(wholesale energy system components)
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