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Founded in 1998, The Rahus Institute is a non-profit 501c3 educational organization 
dedicated to the promotion of renewable energy and resource efficiency. Current projects 
include: The California Solar Center; Solar e-Clips; the Solar Forum; the California PV 
Utility Manager Working Group; and the Solar Schoolhouse—a hands-on, project-based 
solar for schools program.

The Solar Schoolhouse program was developed in 2001 by Tor Allen 
and Hal Aronson. The basic concept was simple—introduce solar 
energy to schools in a fun, intriguing, and meaningful way. A hands-on, 
project-based approach was adopted. Strong connections to the real 
world were incorporated. Activities were piloted at numerous schools, 
and several solar energy education kits were developed and tested in 
the following years. A central theme emerged—teach solar energy by 
developing a personal connection to our homes...Your Solar Home. 

With every home a potential solar collector, learning about solar energy became an 
exploration of how our homes can capture sunlight to provide heating, cooling, lighting, 
cooking, and power for our daily lives. Working with John Perlin, author of many solar 
history books and articles, we learned that solar design features can be found in homes 
thousands of years old. These historical lessons are being rediscovered and applied to 
our homes today.

In 2004 Clay Atchison incorporated this material into the well-received Your Solar Home 
DVD. The Your Solar Home Guidebook followed, providing a comprehensive introduction 
to using the immense energy of sunlight to power our lives. A complimentary film and 
book were produced detailing the Solar Decathlon Solar Home Design competition 
in Washington DC. The Solar Decathlon 2005 DVD and book follow college students 
through the process of designing and building solar homes, and tour the homes built by  
18 universities and colleges on the National Mall. These homes demonstrate the design 
principles presented in the Your Solar Home DVD/book and illustrate that there is more 
than one way to design a ‘solar’ home. 

Solutions for a
Sustainable World
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Introduction

Solar energy concepts can be taught in many ways. Although 
the basic principles of using solar power are fairly simple, the 
applications of these principles are constantly evolving. The 
same is true of teaching solar energy. As teachers are gaining 
experience with including this material in the classroom, new 
curricula are evolving which reflect their distinct teaching styles.

The Rahus Institute, through its Solar 
Schoolhouse program, has been assisting 
educators in understanding and presenting 
solar power for several years, and a central 
theme has emerged: teaching solar energy 
by developing a personal connection to our 
homes. This is the basis of the Your Solar 
Home materials. In addition to the Your 
Solar Home Guidebook and accompanying 
DVD, the Solar Schoolhouse also makes 
available sets of educational materials for 
hands-on classroom explorations. These 
include The Solar Power Monitor Set and 
The Solar Cell Classroom Set. Projects 
using this equipment are included in the 
back of the Guidebook. Projects using 
readily available, low-cost materials are 
included as well.

The projects and lessons in the Guidebook are beneficial and 
understandable to a wide spectrum of ages, and can corellate 
effectively to many state education standards. They offer the 
potential to take students beyond learning just a list of facts into 
understanding and demonstrating essential principles.

The goal is to apply solar technology to the standards framework, 
and develop thoughtful, reflective students who can use their 
industry and imagination to solve real problems.

This Your Solar Home Teacher’s Guide provides two tables that 
will make it simple to correlate the solar energy chapters and 
activities to state education standards. They are organized by 
grade level.

Project using The Solar Cell Classroom Set 
available from www.solarschoolhouse.org
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Also included are examples of teachers who have incorporated solar 
energy in their classrooms, and an answer key for questions posed 
in the Guidebook.

However you choose to integrate the solar energy lessons and 
projects into your teaching, we guarantee that you and your students 
will have a great time with it, and learn important lessons about 
sustainable ways to power our society. 

Solar Schoolhouse staff are available to answer your questions and 
provide additional guidance. Please send us your experiences and 
questions about teaching solar energy, and we’ll share the ways in 
which teachers are using solar energy in their classrooms. Go online 
to www.solarschoolhouse.org for updates on additional project 
examples and new resources. 

We wish you the best in your teaching,

Tor Allen
Hal Aronson
Clay Atchison
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A number of 4th, 5th, and 6th grade teachers 
have found the Solar Home Design 
Project (Project #9) excellent for meeting 
their teaching goals. For all three grades 
the project creates many opportunities for 
practicing math and geometry. For the 6th 
grade, it is the quintessential project for 
students learning about thermal dynamics 
including conduction, convection, and 
radiation. The Your Solar Home DVD has 
vivid animation that shows these concepts 
in action.

From Mythology to Model Homes: A 
Semester of Solar Energy
 
Several 4th and 5th grade teachers have 
created multi-disciplinary units in which 
the sun is the organizing theme. Otak 
Jump teaches a 4th/5th grade split class 
at Ohlone Elementary School in Palo Alto. 
Every other year solar energy is adopted 
as the science theme for the second 
semester. 

The lessons and projects in the Your Solar 
Home Guidebook were designed to meet 
your educational objectives as well as 
provide students with relevant education 
about sustainable energy.

There are many ways to incorporate the 
Solar Energy curriculum into your teaching. 
For example, 3rd grade teachers may bring 
out the solar electric cells to teach about the 
energy in light or they may have students 
build simple solar cookers to do this. 
Powering fans with solar electric cells, and 
melting cheese over tortilla chips in their 
shoe box solar cookers, gives students a 
memorable experience about the energy 
in light.

In the fourth grade teachers are expected 
to teach their students about electrical 
circuits. Instead of using batteries, many 
now have students experiment using solar 
electric cells. Projects #12, #13, and  #15 
involve wiring solar cells in series and 
parallel to create a range of voltages to 
power various loads. Solar cells have the 
added advantages of being safer than 
batteries and not getting used up.  

Meeting.Your.Teaching.Objectives.with.Solar.Energy.Curriculum
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Jump has created a sun workbook that 
includes many aspects of the Your Solar 
Home Guidebook, as well as references 
to the sun in Greek and Asian mythology. 
Students engage in activities that require 
them to apply math, science, writing, and 
research to do their solar projects.

Their studies about the sun also include 
solar ovens and solar cells, and culminate 
in Project #9: Designing and Building a 
Model Solar Home. This exercise is truly 

cross disciplinary as students research and 
conduct experiments, write and present 
reports, and study historical & communal  
aspects of solar energy. 

After building the model, students write up 
an explanation of how their home utilizes 
solar energy. They also present their 
models to the class, and praise and critique 
one another’s designs.

Explaining to other students makes the 
concepts real and exciting to both the 
builder and their peers.

Two Examples of teacher approaches

EcoVillage – Lesson in Community [Lodi SDA Elementary School, Lodi, CA]
A lesson in community goes green.  Students in Julie Chinnock’s 3rd grade class   When a student 
has earned enough Yenoms, he or she can purchase a plot of land in the class village and build their 
house.   The Village is marked out on a 8’x4’ piece of plywood, 

Presentations are also made to parents 
and select solar industry professionals. 
These provide additional advantages for 
the students, increasing accountability and 
adding a greater sense of reality to the 
projects.  They also add extra motivtion to 
create quality projects, and the repetition 
reinforces the students’ understanding. 

Emphasis is also placed on assessing 
how well the projects incorporate solar 
principles. The rubric on the following page 
shows one way in which student projects 
can be assesed.
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Two Examples of teacher approaches

EcoVillage – Lesson in Community [Lodi SDA Elementary School, Lodi, CA]
A lesson in community goes green.  Students in Julie Chinnock’s 3rd grade class   When a student 
has earned enough Yenoms, he or she can purchase a plot of land in the class village and build their 
house.   The Village is marked out on a 8’x4’ piece of plywood, 

Element Comments Points 
Possible

Points 
Earned

Orientation Degree to which wall with most windows faces within 45 degrees of South 10

South Glass Degree to which there is enough south glass to warm house. Ideal is 12 sq. 
ft. glass per 100 sq. ft. of floor space.For example: 6 sq. ft. per 100 earns 
only 10 points. Too much glass also costs points.

20

Thermal 
Mass

Degree to which there is enough thermal mass to store and release heat. 
Ideal is 25 or more sq. ft. per 100 sq. ft. of floor space. Water tubes also 
count as thermal mass and are more efficient.

15

Shading Degree to which there are eaves, porch structures, etc. to shade the south 
and west windows in summer, and west windows in fall.

10

Innovation Design that shows thought, creativity. For example: a balcony on south west 
corner that provides living space and extra shade.

10

Design 
Elegance

Aesthetic appearance; combination of aesthetics and functionality; quality of 
the actual model construction.

20

Solar Electric Does home incorporate a working solar electric system? 8

Solar Water Does home incorporate a solar water heating system? 8

Landscaping Addition of deciduous trees, etc. to provide shade during the warmer months 8

Write-Up Quality of the written explanation of the home: what it’s made of, the 
function of the various design features, seasonal performance...

20

Total

RUBRIC FOR JUDGING SOLAR HOMES
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Students earned “Yenoms” (money spelled 
backwards) when they exhibited good 
student behavior, like turning in homework 
on time, or being respectful and positive 
in class. They used it to purchase homes, 
lights, fans, and connection to the power 
grid in the model city. 

After attending the first Solar Schoolhouse 
workshop in Lodi, Ms. Chinnock decided 
to add solar and wind energy to the 
community. 

A  series of miniature power poles with 2 
wires line the road near the homes.  Wires 
then go to each model home and connect 
with a small LED light. 

Following the Sun Through the Day and 
Through the Seasons

Stephen Rutherford, another San Francisco 
Bay Area teacher, brings solar energy into 
a number of the disciplines that he teaches. 
His students gather data on sun angles 
through the fall and winter. They also track 
the sun by marking how deeply it comes 
into the classroom at different hours of the 
day (they mark it with masking tape on 
the floor and date it). They study thermal 
absorption by placing beakers of water in 
both sunlight and shade, and recording 
their temperatures over time.

During history lessons, Rutherford has 
students think about the design of colonial 
homes in terms of how well they used the 
sun. He notes how Philadelphians had to 
go further and further to get fire wood (as 
they consumed the forests to feed their 
fireplaces), and the design of the Franklin 
stove, which used wood more efficiently. 
He has students consider the design of the 
White House: does it utilize solar energy 
for warmth in the winter?

EcoVillage: A Lesson in Community 
Goes Green

Julie Chinnock1, a third grade teacher in 
Lodi, made a city scape on an 8’ x 4’ sheet 
of plywood, with a greenspace painted in 
the center and plots of land for houses 
and businesses lining the road around the 
edge.
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Some teachers don’t have as much time 
as they need in class for the larger projects 
and do them as part of an after school 
science club or class. 

Several teachers in Berkeley, Brawley, 
Indio, and Lodi, for example, have students 
build solar powered race cars (Project 
#14) after school. Other teachers build 
solar powered water fountains.

Several of these small solar electric panels 
are included in the Solar Power Monitor 
Set, and they may also be purchased 
separately from the Solar Schoolhouse.

A windmill in the greenspace is powered 
by another solar cell placed in the window. 
The students built the power grid using 
dowels and wire, and wired it in parallel to 
supply electricity to all of their homes and  
the windmill.

At the other end of the power system, a 
small solar panel is set in the window of 
the classroom, converting sunshine to 
electricity and powering all the house 
lights in the village. The LED lights require 
so little electricity that they glow even on 
overcast days. 

Julie Chinnook’s class 
powered the model city’s 

LED lights with a 3 watt - 3 
volt solar module like this.

(available from www.
solarschoolhouse.org) 

1Julie Chinnook Kramer currently teaches 
3rd/4th grade at Mother Lode Adventist Junior 
Academy in Sonora, CA. (www.mlaja.org) 

These are just a few of the ways teachers 
are using solar energy in their classrooms. 
Go online to www.solarschoolhouse.org 
for updates on additional project examples 
and new resources. 
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California Standards Guide
for Lessons & Projects in Your Solar Home Guidebook

Grade Level Standards Organized by Subject
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Third Grade Standards 
Standard Chapter or Project Description

Physical Sciences
1. Energy and matter have multiple 
forms and can be changed from 
one form to another. As a basis for 
understanding this concept:
a. Students know energy comes 
from the Sun to Earth in the form 
of light.

Chapter 3: Solar Cooking
Chapter 4: Solar Hot Water
Chapter 5: Passive Solar Design
Chapter 6: Solar Electricity
Your Solar Home DVD 

Chapters 3-5: Solar Cooking, 
Solar Water Heating, and Passive 
Solar Design demonstrate the 
transformation of light into heat.
Chapter 6 demonstrates the 
transformation of light into electricity.
Your Solar Home DVD provides 
excellent animation of the sun’s 
energy traveling to the Earth.

2. Light has a source and travels 
in a direction. As a basis for 
understanding this concept: a. 
Students know sunlight can be 
blocked to create shadows. b. 
Students know light is reflected 
from mirrors and other surfaces.

Project #12:  Series and Parallel Circuits
Project #3 Ice Cube Meltdown

Project #12: Students wire a solar 
electric cell to a motor and can 
discover the effect of shadows on 
whether or not the solar cell can 
continue to power the motor.

Project #3: students place ice cube on 
three different surfaces that vary in 
their reflectivity, set it in  the sun,  and 
make observations.

Earth Sciences
4. Objects in the sky move in 
regular and predictable patterns. 
As a basis for under-standing this 
concept:
e. Students know the position of the 
Sun in the sky changes during the 
course of the day and from season 
to season.

Chapter 1: Facing the Sun

Project #1: Cereal Box Sundial
Project #2: Sun Angle Tool

Chapter 1: Describes the relationship 
of the sun to the Earth in terms of sun 
angles and seasons, and the experience 
of being warmer and colder
Project #1: Students can track the sun 
across a day.  Project #2, students 
build a simple tool that they then use 
to measure the angle of the sun to the 
Earth.  This data can be systematically 
tracked for several months 
enabling students to grasp seasonal 
temperature changes.

Investigation and 
Experimentation
5. e. Collect data in an investigation 
and analyze those data to develop 
a logical conclusion.

Project #2: Sun Angle Tool Project #2, students build a simple 
tool that they then use to measure the 
angle of the sun to the Earth.  This 
data can be systematically tracked for 
several months enabling students to 
grasp seasonal temperature changes.

Third Grade Writing

1.0 Writing Strategies

Students write clear and coherent 
sentences and paragraphs that 
develop a central idea. Their 
writing shows they consider the 
audience and purpose. Students 
progress through the stages of the 
writing process (e.g., prewriting, 
drafting, revising, editing 
successive versions).

Chapter 5: Passive Solar Design
Project #9: Build Model Solar Homes

Students design and build a model 
solar home that uses sunlight to heat 
the home and roof design, etc. to keep 
building cool in summer.  The write a 
description of their design explaining 
how the various design features 
function to keep the home warm in the 
winter and cool in the summer.
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Fourth Grade Standards
Standard Chapter or Project Description

Science: 1. Electricity and 
magnetism are related effects that 
have many useful applications 
in everyday life. As a basis for 
understanding this concept:
a. Students know how to design and 
build simple series and parallel 
circuits by using components such 
as wires, batteries, and bulbs. 
g. Students know electrical energy 
can be converted to heat, light, 
and motion [and vice versa]

Chapter 6: Solar Electricity

Your Solar Home DVD

Projects: #12, #13, #14, #15:  Solar 
electric cells to power fans, cars, lights, 
and water pumps

Project #10: Meter reading and energy 
conservation

Covers electrical basics: volts, amps, 
watts, series and parallel circuits.  
Explains how solar cells turn sunlight 
into electricity.
The DVD give animation of how solar 
electric systems work and how light 
travels as waves and packets of energy 
to Earth.

1.g. Students know electrical energy 
can be converted to heat, light, 
and motion 

Chapter 6: Solar Electricity Chapter 6 provides opportunities to 
convert electricity into motion, heat, 
and light.  Also, provides experience 
of turning light into electricity.

Fourth Grade Math

Algegra: 1.0 Students use and 
interpret variables, mathematical 
symbols, and properties to write 
and simplify expressions and 
sentences: 
1.1 Use letters, boxes, or other 
symbols to stand for any 
number in simple expressions or 
equations (e.g., demonstrate an 
understanding and the use of the 
concept of a variable).

Projects: #12, #13, #14, #15:  Solar 
electric cells to power fans, cars, lights, 
and water pumps

Projects: #12, #13, #14, #15:  Solar 
electric cells to power fans, cars, lights, 
and water pumps
In these projects.  Students utilize 
an algebraic formula Volts x Amps = 
Watts, to calculate the missing unit, 
either volts, amps, or watts.

Geometry: 1.0 Students 
understand perimeter and 
area: 1.1 Measure the area of 
rectangular shapes by using 
appropriate units, such as square 
centimeter (cm2), square meter (m 
2), square kilometer (km 2), square 
inch (in 2), square yard (yd2), or 
square mile (mi 2). 1.2 Recognize 
that rectangles that have the 
same area can have different 
perimeters. 1.3 Understand that 
rectangles that have the same 
perimeter can have different areas. 
1.4 Understand and use formulas 
to solve problems involving 
perimeters and areas of rectangles 
and squares. Use those formulas 
to find the areas of more complex 
figures by dividing the figures into 
basic shapes.

Chapter 5: Passive Solar Design
Project #9: Build Model Solar Homes

To build a passive solar heated home 
students need to determine the 
perimeter of the home, calculate the 
area of the house, area of south facing 
windows, amount of thermal mass, 
etc.  The projects provides a great deal 
of reinforcement of math skills.
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History-Social Science Chapter or Project Description

4.1 Students demonstrate an understanding 
of the physical and human geographic 
features that define places and regions in 
California. 

1. Explain and use the coordinate grid 
system of latitude and longitude to 
determine the absolute locations of 
places in California and on Earth. 

2. Distinguish between the North and 
South Poles; the equator and the 
prime meridian; the tropics; and the 
hemispheres, using coordinates to 
plot locations. 

Chapter 5: Passive Solar Design
Project #9: Build Model Solar 
Homes

Students utilize knowledge 
of latitude to calculate solar 
angle and roof overhangs in 
designing their homes; they 
also take climate and other 
knowledge of the region into 
consideration including energy 
sources.

Fifth Grade Standards
Standard Chapter or Project Description

Math: Students know and use common 
measuring units to determine length and area 
and know and use formulas to determine the 
volume of simple geometric figures. They 
know the concept of angle measurement, 
and use a protractor and compass to solve 
problems. They use grids, tables, graphs, and 
charts to record and analyze data.

Chapter 5: Passive Solar Design
Project #9: Build Model Solar 
Homes

To build a passive solar 
heated home students need 
to determine the perimeter of 
the home, calculate the area of 
the house, area of south facing 
windows, amount of thermal 
mass, etc.  The projects provides 
a great deal of reinforcement 
of math skills.  Protractor 
and angle usage important in 
designing house to utilize the 
seasonal changes in sun angle.

History-Social Science: 5.1 Students describe 
the major pre-Columbian settlements, 
including cliff dwellers and pueblo people 
of the desert Southwest, American Indians 
of the Pacific Northwest, nomadic nations of 
the Great Plains, and woodland peoples east 
of the Mississippi River. 

1. Describe how geography and climate 
influenced the way various nations 
lived and adjusted to the natural 
environment, including locations of 
villages, the distinct structures that 
they built, and how they obtained 
food, clothing, tools, and utensils. 

Chapter 5: Passive Solar Design
Project #9: Build Model Solar 
Homes

Students learn history of native 
people’s in the United States 
who built their homes and cliff 
dwellings to maximize warmth 
from the sun in the winter and 
cooling in the summer.

Fourth Grade Standards (Continued)
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Sixth Grade Science Standards
Standard Chapter or Project Description

3. Heat moves in a predictable 
flow from warmer objects to 
cooler objects until all the objects 
are at the same temperature. As 
a basis for understanding this 
concept: a. Students know energy 
can be carried from one place to 
another by heat flow or by waves, 
including water, light and sound 
waves, or by moving objects.
c. Students know heat flows in 
solids by conduction (which 
involves no flow of matter) and 
in fluids by conduction and by 
convection (which involves flow 
of matter).
d. Students know heat energy is 
also transferred between objects 
by radiation (radiation can travel 
through space).

Chapter 2: Understanding Heat
Chapter 3: Solar Cooking
Chapter 4: Solar Hot Water
Chapter 5: Passive Solar Design

Projects:
#3 Ice Cube Meltdown
#4: Save the Ice Cube
#5 and #6 Solar Cooking
#7: Shoebox Solar Water Heater
#8 and #9: Build Model Solar 
Homes

Also covered in the Your Solar 
Home DVD

Ch.2: Heat as energy in motion.  Radiation, 
Convection, and Conduction.
Ch.3. Cooking with Sun light
Ch. 4: Heating Water with Sun light
Ch 5: Heating buildings with Sunlight

#3: Experiment with color, reflectivity, and ice 
to learn about the absorption of light energy 
transformed into heat energy.

#4: Experiment with ice and insulation to 
resist the flow of energy

#5 and #6: Trap sunlight into boxes to 
transform energy to heat and then use it to 
cook 
#7: Build water heat to capture sunlight and 
transform it into heat to heat water
#8 and #9: Use knowledge of light 
transformed to heat to use the sunlight to 
design and build a model solar home

Energy in the Earth System

4. Many phenomena on Earth’s 
surface are affected by the transfer 
of energy through radiation and 
convection currents. As a basis for 
understanding this concept:
a. Students know the sun is 
the major source of energy for 
phenomena on Earth’s surface; it 
powers winds, ocean currents, and 
the water cycle.
b. Students know solar energy 
reaches Earth through radiation, 
mostly in the form of visible light.

Chapter 1: Facing the Sun

Your Solar Home DVD: excellent 
animated presentation of heat 
from sun producing radiation 
which travels as waves and 
packets to the Earth heating the 
Earth.

Projects: #12, #13, #14, #15:  Solar 
electric cells to power fans, cars, 
lights, and water pumps

Ch. 1: Covers the transmission of solar energy 
to the Earth

Projects 12, 13, 14, 15:  All the projects 
demonstrate the transformation of visible 
light from the sun into electricity

6 a. Students know the utility 
of energy sources is determined 
by factors that are involved in 
converting these sources to useful 
forms and the consequences of the 
conversion process.

Chapter 2: Understanding Heat
Chapter 3: Solar Cooking
Chapter 4: Solar Hot Water
Chapter 5: Passive Solar Design
Chapter 6: Solar Electricity

Projects: #6 Solar Cooking, #7 
Solar Water Heating, #9Solar 
Home Design, #12, #13, #14
Solar Electricity

Ch.2: Heat as energy in motion.  Radiation, 
Convection, and Conduction.
Ch.3. Cooking with Sun light
Ch. 4: Heating Water with Sun light
Ch 5: Heating buildings with Sunlight
Ch. 6: Converting Sunlight into Electricity

Projects: Cook  food by converting sunlight 
into heat; Heat Water by converting sunlight 
into heat; Heat buildings by capturing 
sunlight and turning it into heat; power 
electrical appliances by converting sunlight 
into electricity
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Sixth Grade Standards
Math: 2.0 Students calculate and solve 
problems involving addition, subtraction, 
multiplication, and division:

And more including estimation.

Project #9: 
Passive  Solar 
Design

The solar home design project provides students 
with many mathematical problems to solve that 
involve calculating surface area (floor space in the 
house) and using this knowledge to calculate the 
amount of south facing glass needed for the home to 
perform well. 

Writing: 1.0 Writing Strategies

Students write clear, coherent, and focused 
essays. The writing exhibits students’ 
awareness of the audience and purpose. 
Essays contain formal introductions, 
supporting evidence, and conclusions. 
Students progress through the stages of the 
writing process as needed. 

Project #9: 
Passive  Solar 
Design

A key part of the Solar Home Design project is for 
students to write a paper explaining the design 
features of their home and how the different 
elements of the home function of keep it warm in 
the winter and cool in the summer.  Overall, the 
solar home design project provides an excellent 
multi-disciplinary opportunity that combines science 
standards, math practice, writing, and social science-
history.

High School Standards
Standard Chapter or Project Description

Physics: Heat and 
Thermodynamics

3. Energy cannot be created 
or destroyed, although in 
many processes energy 
is transferred to the 
environment as heat. As 
a basis for understanding 
this concept: 

a. Students know heat 
flow and work 
are two forms of 
energy transfer 
between systems. 

c. Students know the 
internal energy of an 
object includes the 
energy of random 
motion of the object’s 
atoms and molecules, 
often referred to 
as thermal energy. 
The greater the 
temperature of the 
object, the greater 
the energy of motion 
of the atoms and 
molecules that make 
up the object. 

Chapter 2: Understanding Heat
Chapter 3: Solar Ovens
Chapter 4: Solar Hot Water
Chapter 5: Passive Solar Design

Your Solar Home DVD

Project #4: Save That Ice Cube
Project #6: Shoebox Cooker
Project #7: Shoebox Water Heater
Project #9: Solar Home Design

Chapter 2 explains heat starting at 
the molecular level based on the clear 
animation of the Your Solar Home 
DVD. The chapter and DVD also cover 
heat transfer through conduction, 
convection, and radiation as well as 
insulation.  

Project #4: Experiment with insulation

Projects #6 and #7 utilize heat transfer 
to heat food and water.

Project #9: Solar Home Design: Students 
utilize knowledge of thermodynamics 
to capture, store, and use heat for 
building comfort (heating and cooling). 
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High School Standards
Physics: Waves 

4. Waves have characteristic 
properties that do not depend 
on the type of wave. As a basis 
for understanding this concept: 

a. Students know waves 
carry energy from one 
place to another. 

Chapter 2: Understanding Heat
Chapter 3: Solar Ovens
Chapter 4: Solar Hot Water
Chapter 5: Passive Solar Design
Chapter 6. Solar Electricity

Your Solar Home DVD

Project #4: Save That Ice Cube
Project #6: Shoebox Cooker
Project #7: Shoebox Water Heater
Project #9: Solar Home Design

Chapter 2 explains greenhouse 
effect.  Your Solar Home DVD shows 
excellent graphic on solar energy 
carried by electromagnetic waves 
and then transformed into energy.  
Chapters 3, 4, and 5 are based on 
capturing energy in the form of 
electromagnetic waves and trapping 
energy as heat (infrared radiation).
Chapter 6 is a powerful demonstration 
of the energy in light which is 
transformed by solar electric cells into 
electricity to power motors, lights and 
other electric appliances.

Projects 4, 6, 7, and 9 all build 
on capturing light—energy as 
electromagnetic waves—and using the 
energy in the form of heat.

Electric and Magnetic Phenomena 

5. Electric and magnetic 
phenomena are related 
and have many practical 
applications. As a basis for 
understanding this concept: 

a. Students know 
how to predict the 
voltage or current 
in simple direct 
current (DC) electric 
circuits constructed 
from batteries, 
wires, resistors, and 
capacitors. 

b. Students know how 
to solve problems 
involving Ohm’s law. 

c. Students know any 
resistive element in a 
DC circuit dissipates 
energy, which heats 
the resistor. Students 
can calculate the 
power (rate of energy 
dissipation) in any 
resistive circuit 
element by using the 
formula Power = IR 
(potential difference) × 
I (current) = I2R. 

Projects 12, 13, and 15 In these projects students experiment 
with electricity produced by a 
selection of solar electric cells and use 
a range of dc appliances and meters.
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High School Standards (Continued)
Chemistry: Atomic and Molecular 
Structure 

1. The periodic table displays 
the elements in increasing 
atomic number and shows 
how periodicity of the physical 
and chemical properties of 
the elements relates to atomic 
structure.

Chapter 6: Solar Electricity
Projects 12, 13, and 15

In the solar electricity chapter students 
learn how the atomic properties of 
semiconductors work to produce 
electricity from light.

In the projects students experience the 
photovoltaic effect through measuring 
electricity and powering a variety of 
electrical loads.

Earth Science: Energy in the Earth 
System

4. Energy enters the Earth system 
primarily as solar radiation 
and eventually escapes as heat. 
As a basis for understanding 
this concept: 

a. Students know the 
relative amount of 
incoming solar energy 
compared with Earth’s 
internal energy and 
the energy used by 
society. 

b. Students know the fate 
of incoming solar 
radiation in terms of 
reflection, absorption, 
and photosynthesis. 

c. Students know the 
different atmospheric 
gases that absorb 
the Earth’s thermal 
radiation and the 
mechanism and 
significance of the 
greenhouse effect. 

Chapter 3: Solar Ovens
Chapter  4: Solar Hot Water
Chapter 5: Passive Solar Design
Chapter 6: Solar Electricity

Your Solar Home DVD

Project #4: Save That Ice Cube
Project #6: Shoebox Cooker
Project #7: Shoebox Water Heater
Project #9: Solar Home Design

Chapters 3, 4, 5, 6 all provide students 
with relevant knowledge about 
the quality and quantity of energy 
available from the sun, how it can be 
reflected, absorbed, transformed, and 
used.  Chapters 3 and 6 are especially 
useful for teaching the greenhouse 
effect through practical applications.

Project #3 is useful for hands-
on learning about reflection and 
absorption. 
Projects 6, 7, and 9 are excellent for 
hands-on learning about using the 
greenhouse effect to cook, heat water, 
and improve the thermal performance 
of buildings.
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California Standards Guide
for Lessons & Projects in Your Solar Home Guidebook

Grade Level Standards Organized by Chapters & Projects



18 Your Solar Home  •  Teacher’ Guide

Third Grade Standards
Lesson or Project Related Standard

Chapter 3:   Solar Cooking:   Using Sunlight to Cook Food
Chapter 4:   Solar Water Heating: Using Sunlight to Heat Water
Chapter 5:   Solar Home Design:  Using Sunlight to Warm 
Homes
Chapters 3-5 demonstrate the transformation of light into heat.

Chapter 6:  Solar Electricity: Shows light changing to electricity.

Your Solar Home DVD provides excellent animation of the sun’s 
energy traveling to the Earth and being converted into heat.

Physical Sciences
1. Energy and matter have multiple forms and can 
be changed from one form to another. As a basis for 
understanding this concept:
a. Students know energy comes from the Sun to 
Earth in the form of light.

Project #12:  Solar Electricity: Students wire a solar electric cell 
to a motor and can discover the effect of shadows on whether or 
not the solar cell can continue to power the motor.

Project #3:  Ice Cube Meltdown: Students put ice cubes in the 
sun on surfaces of different reflectivity, and make observations.

2. Light has a source and travels in a direction. As 
a basis for understanding this concept: a. Students 
know sunlight can be blocked to create shadows. b. 
Students know light is reflected from mirrors and 
other surfaces.

Chapter 1:  Facing the Sun: Describes the relationship of the 
sun to the Earth in terms of sun angles and seasons, and the 
experience of being warmer and colder
Project #1: Sun Dial:  Students can track the sun across a day.  
Project #2: Sun Angle Tool: Students build and use a simple tool 
to measure the angle of the sun to the Earth.  This data can be 
tracked for many months to grasp seasonal temperature changes.

Earth Sciences
4. Objects in the sky move in regular and 
predictable patterns. As a basis for under-standing 
this concept:
e. Students know the position of the Sun in the sky 
changes during the course of the day and from 
season to season.

Project #2: Sun Angle Tool:  Students build a simple tool that 
they then use to measure the angle of the sun to the Earth.  This 
data can be systematically tracked for several months enabling 
students to grasp seasonal temperature changes.

Investigation and Experimentation
5. e. Collect data in an investigation and analyze 
those data to develop a logical conclusion.

Project #9: Custom Solar  Home:  Students design and build 
a model solar home that uses sunlight to heat the home and 
roof design, etc. to keep building cool in summer.  The write a 
description of their design explaining how the various design 
features function to keep the home warm in the winter and cool 
in the summer.

1.0 Writing Strategies
Students write clear and coherent sentences and 
paragraphs that develop a central idea. Their 
writing shows they consider the audience and 
purpose. Students progress through the stages 
of the writing process (e.g., prewriting, drafting, 
revising, editing successive versions).

Fourth Grade Standards
Chapter 6: Solar Electricity:  Covers electrical basics: volts, amps, watts, series and 
parallel circuits.  Explains how solar cells turn sunlight into electricity.

Project #12: Series and Parallel Circuits using solar electric cells and motors.
Project #13: Power Radio with multiple solar cells wired in Series
Project #14:  Solar Race Car built with Solar Electric Module
Project #15: Solar Power Monitor: Wiring Solar Electric Modules in Series and 
Parallel to power loads including water pumps

Your Solar Home DVD: The DVD give animation of how solar electric systems 
work and how light travels as waves and packets of energy to Earth.

Science:1. Electricity and 
magnetism are related effects that 
have many useful applications 
in everyday life. As a basis for 
understanding this concept:
a. Students know how to design 
and build simple series and 
parallel circuits by using 
components such as wires, 
batteries, and bulbs. 
g. Students know electrical energy 
can be converted to heat, light, 
and motion [and vice versa]
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Fourth Grade Standards
Lesson or Project Description Related Standard

Chapter 6: Solar Electricity:  Covers electrical 
basics: volts, amps, watts, series and parallel 
circuits.  Explains how solar cells turn sunlight 
into electricity.

Project #12: Series and Parallel Circuits using 
solar electric cells and motors.
Project #13: Power Radio with multiple solar 
cells wired in Series
Project #14:  Solar Race Car built with Solar 
Electric Module
Project #15: Solar Power Monitor: Wiring Solar 
Electric Modules in Series and Parallel to power 
loads including water pumps

Your Solar Home DVD: The DVD give animation 
of how solar electric systems work and how light 
travels as waves and packets of energy to Earth.

Science:1. Electricity and magnetism are related effects that 
have many useful applications in everyday life. As a basis for 
understanding this concept:
a. Students know how to design and build simple series and 
parallel circuits by using components such as wires, batteries, and 
bulbs. 
g. Students know electrical energy can be converted to heat, light, 
and motion [and vice versa]

Projects #12, #13, #15: provide opportunities 
to convert sun light into electricity and that 
electricity into motion, heat, and light.  Also, 
provides experience of turning light into 
electricity.

1.g. Students know electrical energy can be converted to heat, light, 
and motion 

Projects: #12, #13, #14, #15:  Solar electric cells to 
power fans, cars, lights, and water pumps.
In these projects.  Students utilize an algebraic 
formula Volts x Amps = Watts, to calculate the 
missing unit, either volts, amps, or watts.

Algegra: 1.0 Students use and interpret variables, mathematical 
symbols, and properties to write and simplify expressions and 
sentences: 
1.1 Use letters, boxes, or other symbols to stand for any number 
in simple expressions or equations (e.g., demonstrate an 
understanding and the use of the concept of a variable). 

Chapter 5:  Passive Solar Home Design.
Project #9: Building Model Solar Homes: to do 
the project students determine the perimeter of 
the home, calculate the area of the house, area 
of south facing windows, amount of thermal 
mass, etc.  The project provides a great deal of 
reinforcement of math skills.

Geometry: 1.0 Students understand perimeter and area: 1.1 
Measure the area of rectangular shapes by using appropriate 
units, such as square centimeter (cm2), square meter (m 2), square 
kilometer (km 2), square inch (in 2), square yard (yd2), or square 
mile (mi 2). 1.2 Recognize that rectangles that have the same area 
can have different perimeters. 1.3 Understand that rectangles that 
have the same perimeter can have different areas. 1.4 Understand 
and use formulas to solve problems involving perimeters and 
areas of rectangles and squares. Use those formulas to find the 
areas of more complex figures by dividing the figures into basic 
shapes.

Chapter 5: Passive Solar Design
Project #9: Build Model Solar Homes:
Students utilize knowledge of latitude to calculate 
solar angle and roof overhangs in designing 
their homes; they also take climate and other 
knowledge of the region into consideration 
including energy sources.

4.1 Students demonstrate an understanding of the physical and 
human geographic features that define places and regions in 
California. 

1. Explain and use the coordinate grid system of latitude and 
longitude to determine the absolute locations of places in 
California and on Earth. 

2. Distinguish between the North and South Poles; the 
equator and the prime meridian; the tropics; and the 
hemispheres, using coordinates to plot locations. 
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Fifth Grade Standards
Lesson or Project Description Related Standard

Chapter 5: Passive Solar Design
Project #9: Build Model Solar Homes
Students need to determine the perimeter 
of the home, calculate the area of the house, 
area of south facing windows, etc.  The 
projects provides reinforcement of math 
skills.  Protractor and angle usage needed in 
designing house to use seasonal changes in 
sun angle.

Math: They know and use common measuring units to determine 
length and area and know and use formulas to determine the volume 
of simple geometric figures. Students know the concept of angle 
measurement and use a protractor and compass to solve problems. 
They use grids, tables, graphs, and charts to record and analyze data.

Chapter 5: Passive Solar Design
Project #9: Build Model Solar Homes
Students learn history of native people’s in 
the United States who built their homes and 
cliff dwellings to maximize warmth from the 
sun in the winter and cooling in the summer.

History-Social Science: 5.1 Students describe the major pre-Columbian 
settlements, including the cliff dwellers and pueblo people of the 
desert Southwest, the American Indians of the Pacific Northwest, the 
nomadic nations of the Great Plains, and the woodland peoples east of 
the Mississippi River. 

1. Describe how geography and climate influenced the way 
various nations lived and adjusted to the natural environment, 
including locations of villages, the distinct structures that they 
built, and how they obtained food, clothing, tools, and utensils. 

 Sixth Grade Standards 
Lesson or Project Description Related Standard

Chapter 5: Passive Solar Design
Project #9: Build Model Solar Homes
In designing passive solar homes and 
building models students work with the 
energy in light to transform into heat and, 
students work with thermal dynamics—
radiation, conduction, convection—to design 
a home that can store the heat.  

Chapter 2: Understanding Heat:  Heat as 
energy in motion.  Radiation, Convection, 
and Conduction.
Chapter 3: Solar Ovens:  Cooking with Sun 
light
Chapter 4: Solar Hot Water:  Heating Water 
with Sun light

Project #3: Ice Cube Meltdown: experiments 
with color and heat absorption.
Project #4: Save the Ice Cube: experiments 
with insulation
Projects #5 and #6: Solar Cooking: Turning 
light into useful heat 
 Project #7: Shoebox Solar Water Heater

Your Solar Home DVD:  Animation of 
thermal dynamics

Science:
3. Heat moves in a predictable flow from warmer objects to cooler 
objects until all the objects are at the same temperature. As a basis for 
understanding this concept: a. Students know energy can be carried from 
one place to another by heat flow or by waves, including water, light 
and sound waves, or by moving objects.
c. Students know heat flows in solids by conduction (which involves no 
flow of matter) and in fluids by conduction and by convection (which 
involves flow of matter).
d. Students know heat energy is also transferred between objects by 
radiation (radiation can travel through space).

Energy in the Earth System

4. Many phenomena on Earth’s surface are affected by the transfer 
of energy through radiation and convection currents. As a basis for 
understanding this concept:
a. Students know the sun is the major source of energy for phenomena 
on Earth’s surface; it powers winds, ocean currents, and the water 
cycle.
b. Students know solar energy reaches Earth through radiation, mostly 
in the form of visible light.

6 a. Students know the utility of energy sources is determined by 
factors that are involved in converting these sources to useful forms 
and the consequences of the conversion process.
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High School Standards
Lesson or Project Description Related Standard

Chapter 2: Understanding Heat:  Heat as energy in 
motion.  Radiation, Convection, and Conduction.
Chapter 3: Solar Ovens:  Cooking with Sun light
Chapter 4: Solar Hot Water:  Heating Water with Sun 
light
Chapter 5: Passive Solar Design

Your Solar Home DVD: Excellent animation of heat as 
atoms in motion.

Project #3: Ice Cube Meltdown: experiments with color 
and heat absorption.
Project #4: Save the Ice Cube: experiments with 
insulation
Projects #5 and #6: Solar Cooking: Turning light into 
useful heat 
 Project #7: Shoebox Solar Water Heater
Project #9: Build Model Solar Homes
In designing passive solar homes and building models 
students work with the energy in light to transform 
into heat and, students work with thermal dynamics—
radiation, conduction, convection—to design a home that 
can store the heat.  
The projects are demonstrations of energy 
transformations, energy transfers, and the greenhouse 
effect.

Physics: Heat and Thermodynamics

3. Energy cannot be created or destroyed, although 
in many processes energy is transferred to the 
environment as heat. As a basis for understanding 
this concept: 

a. Students know heat flow and work are two 
forms of energy transfer between systems. 

c. Students know the internal energy of an 
object includes the energy of random motion 
of the object’s atoms and molecules, often 
referred to as thermal energy. The greater 
the temperature of the object, the greater the 
energy of motion of the atoms and molecules 
that make up the object. 

Lesson or Project Description Related Standard

Chapter 5: Passive Solar Design
Project #9: Build Model Solar Homes

In order to design a solar home students 
need to make numerous calculations working 
with area, angles, and solve problems using 
addition, subtraction, multiplication, and 
division.

Math: 2.0 Students calculate and solve problems involving addition, 
subtraction, multiplication, and division:

And more including estimation.

Chapter 5: Passive Solar Design
Project #9: Build Model Solar Homes
Students write a paper describing how 
the different features on their solar homes 
function.

Writing: 1.0 Writing Strategies
Students write clear, coherent, and focused essays. The writing 
exhibits students’ awareness of the audience and purpose. Essays 
contain formal introductions, supporting evidence, and conclusions. 
Students progress through the stages of the writing process as needed. 

 Sixth Grade Standards (continued)
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Lesson or Project Description Related Standard

Chapter 2: Understanding Heat:  Heat as energy in motion.  
Radiation, Convection, and Conduction.
Chapter 3: Solar Ovens:  Cooking with Sun light: Sunlight 
transports energy as visible light which is then transformed 
into infrared waves (heat).
Chapter 4: Solar Hot Water:  Heating Water with Sun light
Chapter 6: Solar Electricity:  Covers electrical basics: volts, 
amps, watts, series and parallel circuits.  Explains how solar 
cells turn sunlight into electricity.

Project #12: Series and Parallel Circuits using solar electric 
cells and motors.
Project #13: Power Radio with multiple solar cells wired in 
Series
Project #14:  Solar Race Car built with Solar Electric Module
Project #15: Solar Power Monitor: Wiring Solar Electric 
Modules in Series and Parallel to  power loads including 
water pumps

Your Solar Home DVD: The DVD give animation of how 
solar electric systems work and how light travels as waves 
and packets of energy to Earth.

Physics: Waves 

4. Waves have characteristic properties that do 
not depend on the type of wave. As a basis for 
understanding this concept: 

a. Students know waves carry energy from one place to 
another. 

Electric and Magnetic Phenomena 

5. Electric and magnetic phenomena are related 
and have many practical applications. As a basis for 
understanding this concept: 

a. Students know how to predict the voltage or current in 
simple direct current (DC) electric circuits constructed 
from batteries, wires, resistors, and capacitors. 

b. Students know how to solve problems involving 
Ohm’s law. 
Students know any resistive element in a DC circuit 
dissipates energy, which heats the resistor. Students can 
calculate the power (rate of energy dissipation) in any 
resistive circuit element by using the formula Power = 
IR (potential difference) × I (current) = I2R. 

Chapter 6: Solar Electricity:  Students learn how the atomic 
properties of semiconductors produce electricity from light.

In the projects (#12, #13, #15) students experience the 
photovoltaic effect through measuring electricity and 
powering a variety of electrical loads.

Chemistry: Atomic and Molecular Structure 

1. The periodic table displays the elements in increasing 
atomic number and shows how periodicity of the 
physical and chemical properties of the elements relates 
to atomic structure.

Chapter 2: Understanding Heat:  Heat as energy in motion.  
Radiation, Convection, and Conduction.
Chapter 3: Solar Ovens:  Cooking with Sun light
Chapter 4: Solar Hot Water:  Heating Water with Sun light
Chapter 6: Solar Electricity:  Covers electrical basics: volts, 
amps, watts, series and parallel circuits.  Explains how solar 
cells turn sunlight into electricity.
Chapters 3, 4, 5, 6: Provide relevant knowledge about the 
quality and quantity of energy available from the sun, how it 
can be reflected, absorbed, transformed, and used.  Chapters 
3, 6: Practical application of the greenhouse effect.

Project #3 is useful for hands-on learning about reflection 
and absorption. 
Projects #6, #7, and #9 hands-on learning about using the 
greenhouse effect to cook, heat water, and improve the 
thermal performance of buildings.

Earth Science: Energy in the Earth System
4. Energy enters the Earth system primarily as solar 
radiation and eventually escapes as heat. As a basis for 
understanding this concept: 
a. Students know the relative amount of incoming solar 
energy compared with Earth’s internal energy and the 
energy used by society. 
b. Students know the fate of incoming solar radiation in 
terms of reflection, absorption, and photosynthesis. 
c. Students know the different atmospheric gases 
that absorb the Earth’s thermal radiation and the 
mechanism and significance of the greenhouse effect. 

High School Standards (continued)
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Your Solar Home
The Art & Science of Heating, 

Cooling & Powering Your Home 
with the Sun

Guidebook
Answers

Your Solar Home Guidebook available at www.rahus.org
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Review.Questions

1.  The Earth’s north-south axis is tilted:
A.  To the south
B.  Toward the solstices
C.  23.5 degrees

2.  At noon in the summer, a person at the equator would see the sun overhead. At the same 
time, a person closer to the north pole would always see the sun:
A.  Farther to the south
B.  At an easterly angle
C.  Over their right shoulder

3.  It’s colder in the winter because the Earth is:
A.  Farther from the Sun
B.  Tilted on its axis
C.  Covered with clouds
D.  All of the above

4.  Because the Earth is spinning on its axis, the Sun moves across the sky from 

_____________ to _____________. 

5.  ______________________ is the season when the Sun’s path is lowest in the sky.

6.  When is the northern hemisphere tilted most toward the Sun?
A.  July 24
B.  The Vernal Equinox
C.  The Summer Sosltice
 
7.  A compass needle points toward the ___________________________________________.

8.  True or False (Circle one): The Earth’s magnetic north pole is moving.

9.   _______________________________________________  is the angle between true north 
and magnetic north.

10.  When the “N” on a compass is pointing toward true north, the compass needle will 
show:
A.  The magnetic declination
B.  True south
C.  The distance from the equator
D.  None of the above

EAST WEST

WINTER

MAGNETIC NORTH POLE

Chapter 1: ANSWER KEY

MAGNETIC DECLINATION
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Review.Questions

1.  Heat is a form of ______________________.

2.  When most substances heats up, they:
A.  Expand
B.  Shrink
C.  Rotate

3.  The hotter an object is:
A.  The more molecules it has
B.  The faster its molecules vibrate
C.  The smaller it becomes
D.  None of the above

4.  When next to colder air, hot air:
A.  Rises
B.  Takes up less space
C.  Is a form of Conduction
D.  All of the above

5.  Heat always flows from:
A.  Top to bottom
B.  Warmer areas to cooler areas
C.  South to north

6.  Which of the following is NOT a form of heat transfer:
A.  Radiation
B.  Conduction
C.  Convention

7.  The Sun produces different kinds of light, including: ______________________________,  

______________________________, and _______________________________.

8.  Infrared light is also called ___________________________.

9.  Dark colors absorb more:
A.  Light
B.  Heat
C.  Energy
D.  All of the above

10.  White surfaces _________________ light; black surfaces ________________ light.

11.  The greatest amount of energy is absorbed when light strikes an object:
A.  From the north
B.  At a 90 degree angle
C.  In the summer

Chapter 2: ANSWER KEY

ENERGY

VISIBLE LIGHT
ULTRAVIOLET LIGHT INFRARED LIGHT

HEAT

REFLECT ABSORB
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12.  After it is absorbed into an object, light turns into ______________________.

13.  Conduction is the movement of heat through_______________________________.

14.  Convection currents transfer heat in:
A.  Fluids
B.  Water
C.  Air
D.  All of the above

15.  A spotlight is shining onto black paper. Energy is being transferred by 

___________________________________.

16.  If air is standing still, it transfers heat:
A.  Slowly
B.  Quickly
C.  Not at all

17.  Materials that trap air and and keep convection currents from forming are good:
A.  Conductors
B.  Radiators
C.  Insulators
D.  None of the above.

HEAT

SOLIDS

RADIATION

Chapter 2 ANSWER KEY: page 2
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Review.Questions

1.  Glass rooms let sunlight in more easily than than they let _______________ out.

2.  The greenhouse effect:
A.  Doesn’t work in solar ovens
B.  Uses conduction
C.  Traps infrared radiation (heat)
D.  All of the above.

3.  The inside of a solar oven uses ______________________ surfaces to absorb heat.

4.  To bring more sunlight into a solar cooker:
A.  Use reflectors
B.  Face north
C.  Use insulation

5.  To keep heat from escaping through the bottom and sides, a solar oven uses:
A.  Reflectors
B.  Insulation
C.  A transparent top
D.  All of the above

6.  When using a solar oven it’s important to:
A.  Not look directly at the Sun.
B.  Keep the oven pointed directly at the Sun.
C.  Use potholders
D.  All of the above

7.  To reduce heat loss by convection, be sure to:
A.  Seal the oven tightly
B.  Point the oven toward the south
C.  Bake in the middle of the day
D.  None of the above.

8.  __________________________passes more easily through glass than infrared light does.

9.  ___________________________________ solar cookers can reach much higher 
temperatures than solar box cookers.

10.  In the 1800s, Augutin Mouchot made a solar cooker that could melt
A.  Tin
B.  Lead 
C.  Zinc
D.  All of the above

HEAT

Chapter 3: ANSWER KEY

DARK-COLORED

VISIBLE LIGHT

CONCENTRATOR
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Review.Questions

1.  A black water tank inside a glass-covered box is called a 

_____________________________________ heater.

2.  Flat plate solar collectors heat water with:
A.  Solar electricity
B.  Several tubes
C.  Condensation

3.  Water flows between a solar collector and a storage tank without a pump in a

______________________________________system.

4.  Where must the storage tank be in the system in Question #3?
A.  In the attic
B.  On the roof
C.  Above the solar collector

4.  Systems where the solar collector is attached directly to a water heater are NOT 
recommended:
A.  For swimming pools
B.  In freezing climates
C.  For flat plate collectors
D.  None of the above

5.  A ___________________________________ system uses two separate tanks.

6.  What moves liquid between the tank and the solar collector in the system in Question 
#5?
A.  Gravity
B.  A pump
C.  A & B
D.  None of the above

7.  Water does an unusual thing when it freezes. It __________________________.

8.  A water heater that heats water only when a faucet is on is called a:
A.  Breadbox heater
B.  Flatplate collector
C.  Tankless heater

9.  A ______________________________________ is a device (often a metal coil) that 
transfers heat between fluids that aren’t in direct contact.

10.  The first solar water heaters in the U.S. were just black painted____________________ .

BREADBOX

Chapter 4: ANSWER KEY

THERMOSIPHON

DRAINBACK

EXPANDS (SLIGHTY)

    METAL TANKS

HEAT EXCHANGER
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11.  The first commercial solar water heater, the Climax, was patented in:
A.  1891
B.  1924
C.  1972

12.  Commercial solar water heaters were better than many home-built solar water heaters 
because they were:
A.  Covered with glass
B.  Facing south
C.  On metal sheets
D.  All of the above

13.  The Day and Night solar heater had:
A.  Narrow pipes on a metal plate
B.  An insulated glass-covered box
C.  A separate storage tank
D.  All of the above

Chapter 4: ANSWER KEY: page 2
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Review.Questions

1.  ____________________________trees may block the summer Sun, but not 
the winter Sun.

2.  Trees and bushes that protect against winter winds are called
________________________.

3.  Adding windows to the south side of a house is the simplest type of 
passive solar design, and is called:
A.  Suntempering
B.  South-facing
C.  Orientation

4.  Glass with a special coating to slow heat loss is called:
A.  Double pane glass
B.  Low-e glass
C.  Passive solar glass
D.  All of the above

5.  To slow heat transfer, it’s important to insulate:
A.  Walls
B.  Floors
C.  Ceiling
D.  All of the above

6.  Air leaking through cracks and spaces by doors and windows, is called
____________________________________.

7.  Thermal mass is the ability of an object to ______________________ and 
_______________________ heat.

8.  Which has greater thermal mass?
A.  Stone
B.  Styrofoam
C.  Water

DECIDUOUS

Chapter 5: ANSWER KEY

EVERGREENS

INFILTRATION

ABSORB
STORE
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9.  A solar design using south facing glass and thermal mass floors is called a

_______________________________________system.

10.  An isolated gain system uses:
A.  A sunspace (or solar greenhouse)
B.  Summer winds
C.  Drainback systems
D.  All of the above 

11.  A thermal mass wall placed directly behind south facing glass is called a

_________________________________________.

12.  The heat of the Sun works its way slowly through thermal mass by:

_________________________________________.

13.  Convection cooling with a Trombe wall uses:
A.  High outside vents near the top of the Trombe wall
B.  Low vents on the cooler side of the house
C.  Low vents in the Trombe wall
D.  All of the above

14.  The part of the roof that shades windows is called an 

__________________________________________.

15.  Ancient Greeks took advantage of solar energy by:
A.  Using glass
B.  Suntempering
C.  Facing buildings south
D.  All of the above

16.  Houses that use daylighting can include: 
A.  Tubular skylights
B.  Wide slat blinds
C.  Clerestory windows
D.  All of the above

CONDUCTION

OVERHANG (OR EAVE)

DIRECT GAIN

TROMBE WALL

Chapter 5: ANSWER KEY: page 2
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Review.Questions

1.  The device that changes light into electricity is called a

________________________________ cell.

2.  Most solar modules are made of
A.  Silicon
B.  The most common element in the Earth’s crust
C.  A semiconductor material
D.  All of the above

3.  Light acts like waves, and like
A.  Electrons
B.  Protons
C.  Particles

4.  Individual packets of light energy are called ______________________.

5.  The center of an atom is called the ______________________. 

6.  The center of an atom is surrounded by negatively-charged particles called 

_______________________.

7.  A group of photovoltaic modules connected together is called a:
A.  Solar array
B.  Solar system
C.  Solar assembly
D.  All of the above

8.  The force, or pressure, pushing electrical charges through a wire is called:
A.  Current
B.  Voltage
C.  Wattage

9.  Electrons flowing through a wire are called:
A.  Current
B.  Volts
C.  Watts

PHOTOVOLTAIC

Chapter 6: ANSWER KEY
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9.  Electrical current is measured in _______________________. 

10.  To increase voltage connect batteries:
A.  In series (+ to -, + to -)
B.  In parallel (+ to +, - to -)
C.  With the power formula

11.  The units of power that measure how fast electricity is generated or used:
A.  Current
B.  Volts
C.  Watts

12.  Watts equals ________________ times ______________________.

13.  A 6 volt bicycle light draws half of an amp. How many watts is it using?

AMPERES (OR AMPS)

AMPERES (OR AMPS)VOLTS

6 VOLTS X 0.5 AMPS = 3 WATTS

Chapter 6: ANSWER KEY: page 2
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Review.Questions

1.  Using energy efficiently means doing the same job with _________________

_____________________.

2.  Compared to regular lightbulbs, compact fluorescent lights:
A.  Are 3 to 4 times more efficient at producing light
B.  Last up to 10 times longer
C.  Cost more to buy, but save money in the long run
D.  All of the above

3.  True or False: Large appliances used for heating and cooking should not run 
on solar electricity.

4.  Which of the following is not a phantom load:
A.  VCR
B.  Garage door opener
C.  TV with remote control
D.  None of the above

5.  A______________ is a unit of measurement that shows how fast a device is 
generating or consuming electricity

6.  True or False: Kilowatt-hours measure how much electricity has been used.

7.  One kilowatt equals ________________ watts.

8.  Energy used = power x _______________.

9.  A radio draws 20 watts for two hours. How much electricity has it used?

10.  An electric meter can show:
A.  How much electricity you use each day
B.  How fast you’re using electricity right now
C.  How much electricity you’ve used this month
D.  All of the above

LESS 

Chapter 7: ANSWER KEY
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11.  True or False: Peak Sun is the maximum power available from the Sun.

12.  Peak Sun is equal to _________________________ per square meter.

13.  Commercial solar modules convert how much of the Sun’s energy into 
electricity?
A.  about 65% to 85%
B.  about 2% to 3%
C.  about 5% to 20%

14.  A vacuum cleaner draws 8 amps. The utility provides 120 volts. How 
fast does the vacuum use electricity (in watts)?
 

15.  Your old fridge uses 5 kilowatt hours per day, and you get an average of 
5 hours of Peak Sun per day. How many watts must your solar array provide 
at maximum power to run your refrigerator? (Assume 100% efficiency).

 

16.  The refrigerator in Question #15 “runs” for 10 hours a day. How many 
amps does it draw? (House voltage = 120 volts) Round off your answer to 
the nearest tenth of an amp.
A.  5.7
B.  4.2
C.  500 

1,000 WATTS

120 VOLTS X 8 AMPS = 960 WATTS

5 HOURS (X) = 5 kilowatt HOURS
5 HOURS          5 HOURS5 HRS (X) = 5 KWH

X = 1 KW of 
solar array

 5,000 watt HOURS
10 HOURS10 HRS

5 KWHFridge wattage = = 500 watts

500 watts
120 volts

= 4.167 amps

X = array wattage

Chapter 7: ANSWER KEY: page 2
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Ice Cube Meltdown!Project #7: 

Which surface caused the ice cube to melt the fastest? Why?

OPTIONAL:
Put a piece of cardboard under the colored surfaces. Would this make any difference in 
how long it takes the ice cubes to melt? Why?

The black surface melts ice cubes fastest because black surfaces absorb light & heat better.

Cardboard will insulate, and slow heat transfer between the colored surfaces and their 
support surface (a table, the ground, concrete, etc.). If the support suface is a hot thermal 
mass (like hot concrete), the cardboard will insulate the ice cube from the mass, and the 
cube should melt more slowly. 

The plastic traps more of the Sun’s heat (the greenhouse effect). The ice cubes melt faster.

Read Your Electric MeterProject #14: 

Now figure out the next day’s reading:

   1 2
 3

 4 5 6 
7
 8

 9 0    1 2
 3

 4 5 6 
7
 8

 9 0    1 2
 3

 4 5 6 
7
 8

 9 0   9 8
 7

 6 5 4 
3
 2

 1 0    9 8
 7

 6 5 4 
3
 2

 1 0

10 thousands thousands hundreds tens ones

10 thousands thousands hundreds tens ones

   1 2
 3

 4 5 6 
7
 8

 9 0    1 2
 3

 4 5 6 
7
 8

 9 0    1 2
 3

 4 5 6 
7
 8

 9 0   9 8
 7

 6 5 4 
3
 2

 1 0    9 8
 7

 6 5 4 
3
 2

 1 0

4 6 3 9 2

4 6

Reading on Tuesday

Tuesday:             46,        kWh
Monday:            - 4 6 , 3 9 2  kWh
Energy used   =                   kWh

Once you determine Tuesday’s reading, subtract 
Monday’s reading from it to find out how much 
energy (kilowatt hours) was used in the day 
between the 2 readings.

4 0 3

4 0 3

11

Now try putting the ice cubes in plastic bags, or covering them with plastic wrap. Would this make 
any difference in how long it takes the ice cubes to melt? Why? 

Reading Sun Path ChartsProject #3: 

1. In the chart what is the sun’s altitude and azimuth?
Solar Altitude = 15 degrees Solar Azimuth = 225 degrees

Project.Answers
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Step 1:  Find out how much it costs to 
power the light.

__________ watts (write in bulb wattage)

x_________ # of hours a day the light is
                     on (round to closest full hour)

=_________ total energy used in one day.
           (This is called watt-hours)

x 30   (average # of days in each month)

=_________ energy used in a month
  (in watt-hours)

    by 1000  to convert watt-hours to 
kilowatt-hours or KWH (this is what you 
see on your electric bill)

=__________ approximate KWH per month

x $0.15  ($0.15 per KWH is about what 
you’re charged for electricity)

= $_________ this is about how much you 
pay each month to power the light.

Step 2:  Pick a replacement fluorescent 
light bulb that uses less energy (watts), 
but gives the same amount of light.

Step 1:  Find out how much it costs to 
power the new fluorescent light.

__________ watts (new bulb wattage)

x_________ # of hours used per day (same  
          hours you used before)
=_________ watt-hours per day

x 30   (average # of days in each month)

=__________ watt-hours per month

    by 1000 to convert to KWH

=__________ approximate KWH per month

x $0.15 per KWH

= $_________ this is about how much you 
pay each month to power the new light.

Step 4: Subtract to see how much you 
save each month by changing the bulb.

  $__________  cost per month of old light
  
  $__________  cost per month of new light
  
  $__________  monthly savings

Step 4: Subtract to see how much energy 
you can save by changing the bulb.

  __________  KWH per month (old light)
  
  __________  KWH per month (new light)
  
  __________  KWH per month saved

x 12 _____________ KWH per year saved

x 5 ________________ KWH saved per year 
by replacing the 5 most-used lightbulbs in the 
house.

- 

- 

Project designed by Andrea Long

Project #15: Light Bulb Savings!

Regular 
Lightbulb

Compact 
Fluorescent 

Amount of 
Light

60 watts 15 watts 900 lumens
75 watts 18 watts 1200 lumens

100 watts 23 watts 1500 lumens
120 watts 30 watts 1800 lumens

R

100 23

3 3

2

300
69

9,000

2,070

9

9

2

7

84

420

$1.35
$1.35

$1.00

$0.35

$0.35

SAMPLE EXERCISE
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Simple Solar Cell CircuitsProject #16: 

Simple Circuit to Motor: 

1. 90 degrees or perpendicular

2.  The motor spins in reverse.

Series Circuit to Motor:

1. Yes, the motor spins faster.

2. It spins faster still

3. The motor stops; the current must flow through each cell to get to 
the motor. If one is shaded the current can’t flow through it.

Parallel Circuit to Motor:

1. The motor spins faster with two cells in series.

2. The motor keeps spinning. There are two parallel 
paths for the current to follow to the motor.

Powering a Radio with SunlightProject #17: 

What is the maximum output of the series-parallel circuit in full sun?

Volts = 3.0, Amps = 0.8, Watts = 2.4

Solar Power Monitor - page 3Project #19: 

Measure the Maximum Voltage:  3. Check the Amp Meter. What does it read? Why?

Zero. The circuit is open. No current is flowing.

Measure the Maximum Amperage (Current):  4. Check the Voltmeter. What does it read? 
Why?

Zero. Voltage is a measurement of the difference in electrical pressure between two 
points. If the points are directly connected, with no load (resistance) in between, 
the electrical pressure of both points is the same. 
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Pumping Water - Flow Rate vs. Sunlight

2. The pump decreases as light diminishes. On cloudy 
days the pump slows down; at night, it stops.

3. Solar Water Pumping Pros; Often costs less than new utility hookup if the 
power grid isn’t nearby; the more sun, the pump works better on hot sunny 
days (when livestock need water); quieter & more reliable than fossil fuel 
generators; good for remote sites without grid power; doesn’t pollute.

Cons: Expensive initial price relative to fossil-fueled 
generators; limited by available sunlight.

Solar Power Monitor - page 6

Solar Power Monitor - page 7

Project #19: 

Project #19: 

Maximizing Power - Optimum Orientation

1. Amps & watts vary most with orientation. (Watts are a function of amps (& volts).

2. The more directly a module faces the sun, the larger the surface 
area receiving photons - hence the more electrons are knocked 
out of orbit to become current (a flow of electrons).

3. Optimum azimuth is a function of time: morning=easterly, 
noon=southerly, afternoon=westerly; Optimum tilt varies with time 
too: the lower the sun is, the higher the tilt angle needed.

4. Opposite of #3.

5. If current tests done close to the equinoxes: little change in 6 months; 
If current tests done in winter: more power available in 6 months, but 
lower tilt angles need to get it; If current tests done in summer: less 
power available in winter, and higher tilt angles need to get it.




