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7 Hundreds of years of experience and careful
s thinking have taught people how to work
with the sun. In this book you'll find out
how solar energy is used in houses
_~ and to power machines. You will

Your solar laboratory is all
outdoors. The sun shines
in the windows of your

house or apartment. in your
back yard. in the city park. on

~ the bearh. in the schicol vard.
on mountainsides. on rooftops.
and even underaater, So vou can
do solar experiments st abowt any-
where vou live. or play. o ne 1o schenl

Tl



Solar energy is a clean, renewable fuel. Most of the other fuels we use today, like il
and coal, are running out. They also cause dangerous pollution. Yet these fuels power
most of our factories, heat our homes. run machines and computers. They power our
cars, trucks, trains, and airplanes. Today, just as in the Rome of Jong ago, we are turn-
ing to solar energy to replace these fuels. There's a lot solar energy can already dao.
There's much more to be disccvered, Maybe you will make some of those discoveriest

SUN FACT
Enaugh sunshine falls on

- & 3"« 3 square to cook
18 hamburgers every hour.
This amount of sunshine
could also brew 40 cups
~ of coffee, or fry 100 eggs!

SUN FACT
In just one second. the sun makes enough
energy to supply il the power people will
need for the next 2.000 years.

1<)

Turn fas¢ food containers inte hot preojects
All tinkerers and inventars know this secret: The stuff many people throw away can be just the thing
you need for your next experiment. Here's a list of things 1o collect for your solar junk box—s0 you
can keep on hand the kind of junk that's goad for building the solar projects in this book. if you kke
pizza, sode, and McDanald's, you won't have much trouble finding what you need. iHolf the fun is
eating what comes in the container firsth

\

B
SIUUN FACT
Once you stert saving thing - for your junk hox. vou won't have trouble
believing thal every family in the U.S. creates ahour 100 pounds of garbage
every week! Altogether. people in the U.S. 1o 3 million ton~ of foad. paper.
plastic. glass, metal. wood, and minerals into rrash every weeh. This can't o
on for very long belore the Earth runs out of resources o chohes i polintion

Vil




Save:

71 soda diink cups, fops, ond straws
frinse themn and let dryl

71 pizza boxes

1 shiny foil snack packages
ichips, popcorn, efc.)

Ba carsful not 1o tear these when

you apen them up. You'ft want

lo 5ave a few really big bags

and several smaller-sized ones.
T plastic deli containers

twash in hot, soapy water and dryl

Many fast food restaurant salads

come in these (McDonalds, Wendy's}

as wolf as other kinds of ready-made

deli foods. Try to find some with Ny

black bottoms and clear tops. ’
7 Dunkin® Donut boxes

Kentucky Fried Chicken, tgol

3 the paper bags take-out foods come in
=3 little white coffee creamer containers
2 bubble pock

2 quisp {styrofoam packing peanuts)

3 empty sodo can (rinsed ou}

SUN FACT
Americans use over b6 billion
aluminum cans a year. If connecied
end-ta-end, they wouid make a chain
that could circle the sun—TWICE!
That's over six million rniles long!

3 big cardboard boxes of many sizes

SUN FACT

Trery e over 130 000 fast food
sostaurants in the US

Vit

Soiar comes from the Latin word solaris,
meaning sun.

Cautions and hints for solar scientists

NEVER LOOK DIRECTLY AT THE SUN, even with sunglasses on!
The sun is sa bright it can blind you.

USE SHADOWS TO FIND THE SUN.
When vou need 1o aim an experiment at o
the sun, just look at its shadow. Turn your .
experiment until the shadow falls straight
behind it. The atm will be perfect and you
won't even have to peek at the sun.

WEAR SUNGLASSES. Sunglasses keep
reflections out of your eyes. They make
it easier to see when you work in bright

sunlight.

SLATHER ON THE SUNSCREEN.
The rays of the sun are very powerful.
They can heat water—or burn your
skin if you stand in the sun too
long. To protect your skin, use a
sunscreen lotion {with ulraviclet
—{UV—protection) on ail the
bare places exposed to the sun.

SUN FACT
In the United States. there are over
100,000 homes &ith solar electricity.
Owver 1.5 million farnilies rake baths in
solar-heated water. and 300,000 families
live in hnuses heated by the sun.
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Americans use
1.5 million

plastic drink botles
every hour.

B .-"j WHAT IS
SUN FACT SO LAR ENERGY?

in 1880, the first solar-powered
printing press went on exhibit in Paris.
Crowds watched as 500 copies
of the Solar Joumnal were printed,
using sunshine for power.
The sun’s heat bailed water
to make steam 1o run
a steam engine that
turned the press.

i’?s

s

HAVE YOUEVER...?
... wondered how the sun makes light and heat?

Maybe not. Most peopie tend to take the
sun for granted. After all, it has been

there in the sky practically forever.

HOT!! Most temperatures in these experiments won't burn you. But always be safe. Before you
pick up things heated with the sun, test how hot they are with a guick touch of your finger,

" Too hot? Use pot holders or towels.

THERMOMETERS are helpful if you want to know how well your solar experimenis are
working. Try to find a mercury-type thermometer that reads between 50* and 150° Fahrenheit.
A candy thermometer can work well. but be careful—thev re fragile!

THE BEST TIME to experiment is between 10 am and 3 pm. Of course, the best time of vear
is summer and *c warmer days of spring and fail. Clear skies mean more sunshine and the hest

chance for successful ~xperiments.

FOR BEST RESULTS. 'vhen paint and plastic are called for. try to use a flat black paint
fnortedc. water-based latex). and clear plastic (like Saran-wran},

x
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SUNSACT

If you could crive a car 93 miliion
miles from the Earth to the sun,
it would take 150 years fo get there.
Because light travels much faster
{180,000 miles per second},
it takes only 8 minutes
for the sun’s light
to reach the Earth.

S

The sun is the star at the center of our
solar system and the source of solar
energy. Solar energy is sent to Earth
in invisible rays by the light and heat
of the sun. Co

Before this century, many of the greatest
scientists thought the sun might be a sort
of bonfire in space, made of coal or
wood. These sclentists were making
guesses about the sun. Since they knew
the sun was 864,000 miles through the
middle. they decided that a lump of coal
that big could burn for about 5,000 years.

But then scientists learned that the
Earth was over four billion years old.
and that dinosaurs were running around
aver 200 milbon years ago. The sun
could not be made of coal. Then new
discoveries revealed that the sun was
actually made of hydrogen and helium,
elements which are gases on Earth.

S .
AL~ N
SUN FACT
The very first time scientists got
a look at the sun from space was in
the 19505, when the first satellites
were put into orbit by rockets.

in the heart of the sun

The sun is actually more like a glowing

electric stove burmer. When you boil water, the
electricity passing through the coils and causes

them to glow red hot, but there’s na fire. Deep
inside the sun, radiation causes the gases that
surround the center of the sun to get super hot.
These gases give off heat and light without really
burning. The radiation in the core of the sun comes
from fusion. (To find out more about fusion. check out .

the “sur fact™ below.}
1akes 50 million years to reach the surface,

Is into space. The sunshine you feel on your
years before people ever walked on the Earth!

The energy from the sun’s core
where it becomes light and trave
face today was created millions of

SUN FACT
e. first figured out in 1938 how energy was

hol—27 million degrees Fatrenhelt
twan

The Nohel Prize—winmng scientist. Hans Beth
The core of the sun is fremendousiy
bur-p inte each other constantly. fike people irving fo get info & sy
< stick tngether in pairs. creating heliue:
ire the form of racharc”
o metond!

create.! by the sun
Hydrogen atoms
train al rush haw. Some of these atom

Each time the aoms stick together. they release energy

So many atoms are lusing that ' like 100 billion hydrogen hombs exploing v

3



Solar wind is created when the sun sends high-energy
particles into space. As the solar wind blows by the Earth,
it causes huge, beautifut sheets of light to dance in the polar shy.
These displays are called the aurora borealis, or northern lights.
{They happen at the South Pale. too.)

{ SUN FACT

Five million tons of the sun’s mass
changes into energy every second,
vet the sun will keep on shiring
for billions of years to come.

SUN FACT

Can you grasp the fact that a million Earths could fit inside the sun?
Would it help if you knew the Earth is a ball 8,000 miles through its
middie, while the sun is a ball 864,000 miles through its middle?

SUN FACT

solar flares are geysers of sunlight
that erurt from the surface of the sun
There i enough energy in one solar flare
W power all oi cars, machines. houses
and facteries for one billion vears!

ST Fsin
Make a model Earth 8 sun SRt

Models help us undersiand things in the real world
that are too big or oo small for our eyes, hands,
and minds o grasp. The real sun and Earth are so
huge, it's aimost impossible to imagine them. But
what if the sun were only as big as a family-size
pizza? Then the Earth would be about the size of a
plain M&mM™ Now we can get some perspective on
things—like how far apart they are in spoce.

What if the sun vere
a3 big as a family-sire pizza?

Ge! a cardboard pizza circle from a family-size pizza lor cut your own two-foot-wide Circle
from a cardboard box). Pretend this is the sun. Use o blue m&m?® as a model of the farth.

Now take your m.del 1o o football field
with two friends. Have one person hold ©p
the sun of the goal line. Have anather hold
up the Earth at the 75-yard line. You can
go up in the bleachers or stand on the
sideline. Thus is what the sun ond farth
might look like from far out in spoce.
{Remember, the sun is 93 milion miles
from the Earth.)

You may even need binocuiars
fo see the Earth!

3

SUN FACT

Models are made to scale

The scale of a model tefls yo-.

now much larger the real thino

i« than the maodel. The scale o
i<osun model 1= 36000 10 ore
o means ey hoon re e
36,000 qiies on the reas ¢
which 1w 864 000 miles acrass the ~ tidie’




7 ’ T'he temperature }
The Earth’s power plant f’f_tht Eatrth The sun doesn't warn the Earth evenly. The poles get little sunshine, and ane whole side
Without solar encrgy, the Earth would be dark. frozen, 15 just right of the Earth is.dark half the day. The warm air and cold air don't sit stit. The warm air
for lizards! rises into the sky. The cold air sinks tu the ground. At the same time, the Earth is whirling

and empty. Although the sun warms all the planets,
many scientists don't think there is currently life
on any other planet in our sular systerr.

What makes Earth special?

around on its axis. mixing up the maving air. All this commotion creates the wind.

Imagine a parking lot, soaking wet after a
rain. What happens when the sun comes
out? Where does the water go? The heat
of the sun causes it to evaporate. Up in
the sky. it farms into clouds. The clouds
drift around with the wind. Eventually,
the cloud wili rain down to Earth again—
maybe hundreds of miles away!

The Earth's
atmosphere is the

sun's pariner. The air traps
the heat of the sun. This makes the
temperature of the Earth just right for
plants, animals, bugs, people . . . and lizards!

It's not always perfectly comfortable on Earth. There are really cold places, and reaily
hot places, and storms and tornadoes. Think of what it's like when you have lots of
energy—you want to do something: run, jump, shout, play games. it's the same with
all the solar energy the sun pours inte the Earth every day. Things get stirred up.

ki
g

surf;-"ACT
Some of the sun's energy
is dangerous radiation
A part of Earth's a'mosphere,
called the ozore laver.
iovks out this harmiul energy,.
Certain polluting chernicals
e holes in the ozone faver.
alless ing more of the
daaeroas ris orts the Barth, -
ran o plants, anima s and people.
e o by voi Brave o wedr sunscreen

H
{
{
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J DID YOU KNOW . .. ?

You are solar-powered!

SUN FACT
Whates are the biggest creatures alive—even bigger
than dinosaurs. These giants of the acean eat some
of the tiniest plants, called plankton. They can swallow
3, tons ir: a single gulp. In other words, it takes
a lot of sunshine to keep a whale alive!

T —

Al
‘\\ ... that leaves are solar-powered food factories?
But unlike most factories, leaves are quiet.
You wen't hear any machinery clanking
away if you stand next to a tree.

And here's angther difference: r_,'

instead of poliution. leaves . @

produce oxygen—just what NN .
you need io breathel! “' ' 3%'-'

How much sunshine do you eat? .

Plants take time fo grow from a finy seed. Each day the plant
grows by changing solar energy into faod and storing it up in is
leaves, seeds, or fruit. Let's say that one doy of sunshine equals
one stored-up sun day of energy. When you eat a plant (ke a
tamatel, your body uses those stored-up sun days fo keep alive.

All plants have a substance in their [eaves called
chiorophyll, a chemical that capiures solar energy.
The captured solar energy lets the leaves turn
water and carbon dioxide from the air into food
for the plant.

Light from the sun gives plants the energy they
Write down your favorite:

need to grow. The plants give you the oxygen

you need to breathe. But the cells of your skin

cannot use solar energy to make food. . « vegetable sun days

People and animals have to eat plants » fruit sun days
» cereal sun days

=%

To find out the sun days for each, go to a gorden store and look N
at seed packels. Some fomatges, for example, take 90 days fo -]__
grow. Or ask o farmer. Maybe your family grows a garden and \
you will already know the answer.

You won't find cereal seeds. You need 1o know whot kind of grain

your cereal is made from and find out the sun doys for that.

Were you surprised by how much sunshine you eat?

9



Science Fair Idea

Want io omaze people and maybe eam d gold star af the next science fair?
Then find out how much solar energy you run on each day.

Keep track of all the food you 2ot in one day. Then trace each food ™~
to its origingl source in the plant world, Keep things simple—just
pick the main ingredient. For instance, the main thing in a randy

bar is sugor. Sugar comes from sugar cane. How many sun
doys are stored up in sugor cone?

This activity is a big chollenge because you don‘t eat just
vegetables. You might have o glass of milk, or a hamburger.
Mitk comes from cows What plant does the cow eat to stay
alive and make milk? How long does it fake to grow? How

long does a cow live before it is kited for hamburgers?

How many sun days does o cow eat during thase many

months? You may want to talk to a biologist to find oui!

Make a chart listing each food, the main ingredient,
- its source in the plant world, and the sun days.
Add up all the sun days to get a grand total.

Go for a double gold: intiude pictures

of the foods and their plant sourcest

/E'YOU EVER ... ?

stood behind your school bus as
it roared away from the curb?
Pretty nasty, right?

o’ g
At T-

That's polhtton. If your school bus were powered with solar electricity.
vou wouldn’t be left standing in a black, stinky cloud. Most of the fuels we
use cause pollution. When coal is burned in factories, it makes dirty
smoke. Oil is black and gooey. When it is shipped in huge oil tankers, it
sometimes spills out, contaminating the ocean. Nuclear snergy is used to
make electricity. But it also makes dangerous radioactive waste

Fuels are sources of energy. Energy is absolutely necessary to modern lile.
Energy keeps the lights on. It heats your house. It keeps your fond cold, or
makes it hot with a quick zap in the microwave. Computers need enerqu. S
do televisions. When solar energy is used to heat a house. or warm up bath
water, or make electricity. it does not pollute. Nothing is burned up. There i
no smoke.
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Scientists beliave it will shine for another 5 billion years.
On the other hand, some experts predict thal people wilf
probably rur out of cil in 60 years.
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SUN FACT

Oil is sometimes called “dead dinosaurs”
because it is formed from the decayed
bodies of ancicnt animals and plants.

These animals and plants got their energy from
the sun. 5o oil is really miilion-year-old sunshine.

Salar energy is a very different fuel from oil or coal.
solar energy is a ciean fuel.

12

The Earth is a piggy bank

Sunshine, wind power, and water power

are all forms of renewable energy. No
matter how much solar energy we use on
Earth in any day, the sun will still be shining
tomorrow. The wind caught in our windmilt
will be back again another day. The water that
flows down the mountain will be lifted high into
the sky by solar heat. It will rein down on the
mountaintop once again.




Fuels like oil, coal, and gasoline are
not renewable. Put 2 gallon of gas in
the tank, take a trip. and where
does the gas go? Right out the
tailpipe as exhaust. If you put a
huge balloon over the tailpipe and

caich all the exhaust, can it be

turned into gasoline again? Nope—
when vou use it, you lose it. Off and
coal are very vahmable fuels, deposited
deep within the Earth millions of
vears ago. There is only a limited

amount of each—and, like having ...,

money in your piggy bank, the
more You take out, the less there is.

Your solar allowance

The energy that comes from the sun
is more like an allowance. You can't
spend more than you are given each
day, but the same amount will be
there day after day. Learning to live
within our solar allowance means
that peaple will have enough energy
forever. Factories, hotmes, businesses,
and transportation will run without
causing pollution.

A fuel like wood is renewable. Trees
are a kind of solar storage battery.
turning solar energy into wood as
they grow. But this is long. siow
work. It takes a tree 20 or 30 vears
to grow from a seedling into a huge
tree. Whrn we use wood for fuel,
we must always plant new trees to
replace the anes we use

v

SUN FACT

. Since 1776, peopie in the United Ltates
¢ have cul down over 30 billion rees
Kids in Canton. Ohio. hav planted more
than 800,000 new trees as part of the
America Free Tree Program. Their goal is
ane billion new trees by the vear 2000
Want to heip them? Contact your state
forestry agent 1o find oul about tree
planting programs near you

Which ones are renewable?

TN Y Match each energy source on the lefi with the kind of
’ . . : work it might do. Connact your match with a line.

water power runs engines
in cars

diesef fuel makes the flame
for kitchen stoves

hay and oats furns turbines at ‘
hydroelectric dams izt st 2 - l
i

s s
Buo xw smo

feeds work horses

gasoline
on farms v de
S S
wind power powers fruck and 2 59y o g i
bus engines painy ey
s e
propane gas spins propetlors Sl sur. e
emrry

to moke electricity

Circle the energy sources you think are renewable. Which of these are
always availoble, like solar energy? Which ones con people make
renewable—like wood? Which energy saurces will eventually run out?

5
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SUN FACT
Aimost all the non-renewable fuels we use today
~ome from heneath the Larth. Gil, coal, and natural
gas are found far beneath the Earth's surface. -
Uranium has to be mined. But f you want fuel from
the sun—just look upt

16

SUN FACT

We are already using more
renewable energy than nuclear
power. The United States has so
much sun, wind, water, and
wood that some scientists think
all our energy could come from
renewable energy. How many of
these energy sources can be
found near you?

FO0LT ST
¥ind sout¢h

To caich solar energy, people or
objects have to be facing the sun,
whick comes from only one direction,
In the Norihern Hemisphere, where
the Urnited States is located, that
direction is south, You will pradtice
twe methods to find south, even
if the sun isnt shining. Ta fry both
ways. you will need o compass and
a stick.

Using the compass

. . When it stops moving, futr the
Set the rompass on a levet surface. Wolch the needie . r
COmpass slosvly so the arrow tip lines up with the lefler N, for north. South is oppesite of
north. East is where the sun comes up West is where it sels.

Using the stick .
i 0 i fy on a sunny day. Pus! stick inta
With a stick {and with less accuracyl, you can find south onfy unny day. Pu i
fh«le g:)ur:d :(\i noon, the shodow will point roughly nerth. The opposite dafechpn i south, i might
b;a in!erestiﬁg to cor;apare the shadow method with the compass. Is there a big difference?- -

RS
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Yollow the Leader

Plants con't walk oround, but they do
follow the sun as it moves across the
sky. In the morning, carefully observe
a housepiant, or o flower in a field.
Which way is it facing? In the affernoon,
look again. Have the leaves or the
flowers movad? -

18

JOURNEY
TO THE
ANCIENT
WORLD

HAVE YOUEVER ... ?
.. measured your shadow at noontime

and found it shorter in the summer
than in the winter?

. . noticed. as the months pass by.

that the sun rises at a different
place in the east and sets at a
different place in the west?

-
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Aris-who?
Aristarchus lived in Greece from 310 BC to 230 BC.
People of his time believed the Earth was the center
of the solar system. They aiso thought the sun was
small. Today, we know it is 864.000 miles in
diameter. But ancient people had only their eyes
to judge the size of the sun. To most of them,
the sun looked like a pretty small disk of
brilliant ight—exactly as it looks to you today.

Don’t be a fool. Foliow this rule:
Never look directly at the sun!

Do our eyes deceive us?

Aristarchus knew that our eyes play tricks on us.
Even huge objects, like the sun, look small if they are far
away. You can experience the trick our eyes play any time. ,-'[
Just look at a tree or a buliding from far away. Frame it~ '
top to bottom between your hands. Now watk toward

it while keeping it framed between vour hands. You
have to keep mowing your hands farther and farther
apart because it seems to grow! But of course. it's
exactly the same size it always was.

SUN FACT
How did they do it?

2«10re than 4,000 years ago, prehistoric peopie built a huge monument of sione pillars in
-..r}‘:gland called Stoneghenge. On the longest day of the year, the sun rises at the tip of a piliar
called the Heel Stone. This day is called the summer solstice. the beginning of summer.
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Aristarchus redlized that the size of a shadow
chonges as an object gefs closer or farther
awoy from the light. Shadow Iricks are easy. Put
a lomp on a table neat a bare wall Take off the

shade. Make shadows on the wall with your SUN FACT
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Don’t be a fool. Follow this rule:
Never watch a solar eclipse
without special equipment.

hand or other objects.

This will work best if the famp is the only light in
the room. Do the shadows of objects look ike

the recl thing?

In a lunar eclipse, the Earth ges
between the sun and the moon.
blocks the sun’s light,
and casts a shadow on the moon.
Ut is safe to watch a lunar eclipse.
In a solar eclipse, the moon gets
tetween the Earth and the sun.
The moon is exactly the right size
and exactly the right distance
from the Earth to cover up
the susface of the sun.

@ U FSET
Jaas

Like, a total eclipse, man!

By studying shodows, Aristorchus could tell you the size of o tree or building ne matter
where he stood. That's why he was able fo figure out things about the sun when he
sow the shadow of the Earth on the face of the moon during o lunar eclipse

Con you moke o lunar eclipse with your shadow lomp? Try using two different
plates—a big one for the Earth and g small one for the moor Ask a frend 1o help you
line them up
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Building it

poke a hole in the side of the cup about two inches belc_wv the to_p. Use the pencil lo mke
* this hole. Put some stones in the botlom of the cup so it won't fip over. Pu, the plastic top

on the cup. Push the straw through the hole in the top and fhe hok? in the side. Have about

a hatf-inch poking through the side. Tape this to the cup so it won't slip out. Maybe n’s' not

gorgeous, hut it's ready 1o use

SUN FACT 7

The straw is called a gnomon,
from the Greek word gnosis, L
which means “one who knows.

‘ In this case, the gromon
s knows the fime of day. /

p w5 o SR B i | P 3
g oo, !

Dial into the sun 27

The sun has been rising and sefling for roughly five billion years. k. Yoy i}
some people say it's as regular as dockwork. Long before anyone :
buitt a mechanical ciock with gears and springs and pendulums, a 3 4

people invented the sundicl. This simple device let them eff the A j'! i\
fime of day just by the shadow of the sun. ¥y VRN :

PLASTIC
TOoP

Materials

3 alarge or jumbo soda drink cup
with its plastic cover and strow

X wristwatch or other portable clock

1 black magic marker
" {permanent ink}

T pendil and tope e




Osing it

fFind a spot that's sunny from 10 am uatit 3 ea. Put your sundial on the ground or o table.
Be sure if is level. Find south. Now, furn your sundial cup until the straw points north
Once you have it set, be sure not to move it for the rest of the experiment. Moke o mark
on the side of the cup near the battom and @ mark on the ground or lable This will
tet you put the sundial back in the same place if if gets knocked over.

Beginning at 10 am, use the magic marker to drow the shadow cast by the straw on the
plastic top. Be neat and stroight. Repeaot this every bour unfit 3 pm. Leave your sundial out
overnight. Next day, see if you can felf what time it Is using your sundial instead of a clock

The golden chariot travels two roads

In early Greek mythology, the sun was a god called Ap--r.no. who' drove a‘ﬁery golden chankc:
along a heavenly road. Today, scientists know the sun isn't a fiery chariot. But the Greeh
chariot idea helped them learn iﬂﬁﬁ'tam things about tbe sun. They observed that the
golden chariot passed along a different road in the sky during dlffers—znl seasons of the year.
In the winter, the sun travels a path low in the suuthern.sky But in the summer. the hsu?l
travels high overhead. With these basic facts, the Greeks invented sofar architecture, whic

means designing buildings that use the sun for light and heat.

Understanding it¢

The shedow on your sundial moved from 10 am o 3 em in the same direction the hends ¢f
& ciock move. So, the shadow moved clockwise. But i you did this experiment in the
southern hemisphere, everything would change. The sun s in the northern sky. Shadows
paint south! Shadows move the opposite direction from the way they da in the northern
hemisphere That's why some people say, if clocks had been invented south of the border,
they‘d run backwards

26

' SUN FACT

ent cultures believed the sun was a god

Many differ 7 3
; thi sur was Ha The Inca called it Tnti

The Fguptian name for 7
7 { 5 jar § o7 the sun.

Mirhra was the Persian god & .

L s @ godiess called Amaterasy

an )

thouct of the sun as a qod

The Japarese thaught the
Why do yion think so many people
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Solar or polar?

The Greeks built their houses of stone.
They didn't have glass for windows.
Imagine how cold your house would be
in winter with the windows open! Did the

early Greeks spend all winter shivering in
cold houses? Not At first, they burned wood.

Basicaliy, they used the solar energy the t

had saved up in their wood. But the Greeks \\__ e
didn't take care of the forests by planting new N s
trees. When the supply of trees got low, there was an S /A i\
energy crisis. Greek architects noticed that houses facing R AL

south were more comfortable than houses

That's because the winter sunshine filled t
the air inside. It warmed the Earth floor
keeping the people inside comfortable. So

they could stay warm without burning up trees at alt. They
just had to be sure that their houses faced south.

SUN FACT

It looks like the sun maves—but, in fact, it stays shill,

It's the Earth that moves, spimung around its north-south’ axis.

One revolution lakes 24 hours, causing day and night,
The Earth also moves arund the sun in an arbit,
The trip around the sun takes one year.

During half of the Earth’s orbit, the northern hemisphere
is titted toward the sun, getiing a ot of solar energy.
This causes summer. Gradually, the northern hemisphere
tits away from the sun. Less solar energy reaches us,
the femperatere drops, and it becomes winter,
Meanwhile, in the seuthern hemisphere,
surnmer has arrived.

rees

facing any other direction.

he house and warmed
and the thick walls.
the Greeks reabzed {3
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Keeping your cool

In Greece. winters are mild and summers are hot. When the Greeks solv_ed the problem
o keeping warm with the sun, they created a new problem in summer. With all that solar
energy pouring m. the house got too hot' Something had to be done!

Solar architects knew they had to keep the hot sun out of the house. But how could they
do that and stilt et the winter sun in? They thought about the tw.o roads téken by the sun
god. Apollo. They thought about shadows. They decided to build a Portico. or f:vered
porch. over thz front of the house. During summer. the roof of the portico blocked the rays

of the sun. The house stayed cool inside.
As fall approached, the days grew shorter and cooler. The sum travelled closer and closer

lo the horizon. More and more sunlight slipped under the portico.' warming the inside.
The careful design of the house worked automatically 'ith the changing seasons.
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SUN FPACT

. Mény' other cultuses inverted solar architecture.
including the ancient Chinese and the Pueblo Indians
) of the American Southwest. They buitr their cities
. \ . . up the sides of clifls—the south sides! .
e : é_,;_ With one apartmeri stacked on top of another,
v 3 everyone got € qual amounts of sunshine.
The Chinese used solar architecture in their temples.

\\ Windows were covered with rice paper,

which glowed a beautiful gofden color
‘ﬁ, ST FOY
AN

when the sun shone through it
Connect-the-dots portice

ée;: ::; :ﬁ@o{:ﬁ;ﬁiggna‘m ;vorked if you connect the dots in this picture. Use o ruler, .
C ning numbers fogether. Pretend you are a sunbeam \
fines. Color the sun and the lines in yellow. Color in the rest of the picture ‘:iawu draw the

09 _10 o1

5*
a*
!
)

!
ol .7 oB IEF‘L-] o2

GREEK HOUSE

3o

BUSAT Fiy
A model P‘I"Ojcct

What if you wanted to see how the portice works for real? First, you'd have 1o build o
sfone house. Then you'd have 1o watch it for o whole yeor. {That's how long the sun
would Iake to change its paih in the sky) The sun simply won't speed things up just for
scientists! This would be a very expensive experiment And boring. ((f course, it also
might be very exciting fo build and then live in o stone house )

So, scientists often make models of what they want 1o study. In this project; you wilk
make a model Greek house. You'li pretend that a light bulb is the sun, so you'll be able
to make the seasons change in on instant

M™Materials
~ @ box about 127 x 8 x 6"— A donut box works best
{a shoebox wilt work weil, 100}

7 plastic coffee creamers {femply and clean]
or cardboard tubes from paper fowel rolls

7 table lamp for even better, a spofiighl)
2 scissors, giue, and fape
3 ruler
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CAEAMERS
- BLuED TICKTHER ~

Building i¢
Cut a slot in the backside of the box big enough for your hond ta slip inside. $tand the box up

on its front s0 the cover flap opens te moke a i j
~ poriico. rim any fg, i
Fold the cover in half and cut olong the crease. Now if is the righ"tr sizz s;oc:f(f] 'phsr:c?:es of the corer

You will need two pillars to hold the portico uj i
> p. Measure how high the pi
r:;:hbﬂugi}ﬁmu%ergsl together until they are the right height. [Og cut rhz’g:r:e??:::;? It?l:é ?gc:iiﬁ
S wi ue or tape. You mi c
o chow e, ol migh! want to make o paper wall around your house

Using it
Tape the model house fo o labie fop. Have

: : your helper hold #he light about i
?f r|im=:1 house an;ﬂ one foot up in the air. Put your hand in the slot qm? furn o:fm f:ft(;n o
ee<r ewga_’mfh‘ Have your helper mave the light three feet up. Now your hand i i shadow.
Which position of the lomp is the summer syn? ) Y and is in shadow.
which one is winter?

V)

i
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You can build a Greek Revival deg house

Materials

A cardboard box
{see instructions belowl

<1 scissors or small saw
lror big boxes!

3 strong tape
{like duct tape}

3 ruleror yardsfick
2 waterproof paini

Cardboard boxes are sturdy, easy 1o work with,
ond fairly long-lasting. You will only need o smeal
box for @ mouse, hamsfer, of guinea pig.
Caots and robbits will wont a bigger box—
cherk af the gracery store. Dogs, unless
they are very smail, will need big boxes.
Lock for the kind televisions come i,
or computers, or fumniture. If you J4
have o Suint Bernord, better keep N
an eye out for a refrigeratos box! t'l’ g
Whatever box you choose, it should ~2
be about the length of your pet on
both sides. 1t should be about that 1all, too.

Use a strong tape for constrection.
Sceotch tape won't do.
Duct jape is a good choice.

WARNING!
Do not put your pets in the sun just
so they can have a Greek Revival
pet house. Make sure they have
some other kind of shade to
protect them from the sun.
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Building ie
Step T Tape over where the flaps meet on the bottom.

Step 2 Make the roof peaks by marking the middle of the top
front side. Measure from that mark 1o the edge. Divide this
measurement in half, then make a mark that long down the front
edge of the box. Drow o line between the two marks. Repeat on
the opposite side. Cut the box down ihe edges to the marks, then
cut away the triongies '
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Step 3 foid the sides In at the edge marks to make o celling inside the house. Tape
these together so they don'l sag down on your pet. {if they won't stay up, just fold them
all the way down inside. They will stiffen up the box )

Step 4 Make the door by drawing a line on the front between the two marks on the edges.
Mark the middle of this line. Then on both sides of the mork, measure and mark hatfway
between the middle mark and the edges. Draw lires down to the batiom from these new
marks. Cut out the door. ' .

Step 5 Make the roof and portico from another cardboord box. The roof wil be as long
as the box from peak 1o peak plus ¥ more agein—thal is the porlico parl. Measure from
peok fo peak, multiply this by three, then divide by eight. Add this number 1o the aotiginal
measure 1o get the full lengih of the roof. Find oul how Wwide the roof should be by
measuring from the peak 1o the edge on the side. Mulliply this by two. Use these
measuremnents fo mork out o piece of cardboord and cut it o size. Mark the middle of
both ends to make the peak and fold along this line.

NOTE: It is always easiest 1o fold cardboard if you place a ruler,
vardstick, or board along the line you are folding.

Step 5 Tape the roof securely 1o ihe ofher box.

Step 7 Paint the house. Classic whita? How ubout @ stone patterr? Don't forget to paint
your pet's name above the door. {A walerproof paint will make the cardboard last
{onger.) Pillars? Those are up to you. Use your ingenwity!

Using it

When it is dry, find where you wont to put i. Cois and
hamsters and other smalf pefs coften stoy in the
house or a pen. Pyt their new house in their
favorite sunny spot. For oulside pels, be
sure the house faces south. Set it up on
some boards so the cardboord isn’t
touching the ground. A couple of rocks
in the inside corners will keep it from
blowing oway. To make it last lenger,
cover the roof and sides with some
heavy plastic from the hordware

store.

why not make a playhouse? You will
definitely need big boxes. Maybe
your friends will bring over their own
Greek Revival playhouses. Then your
backyard wilt iook like o street In ancient
Greece!
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MEASURE
LECT PORT/CE)

36

Lugury medel

if you are handy with hommer, sows, nails, and wood,
you right wont to make your pet house out of plywood
or boards. If you are not able 1o use these thing s yoursel,
ask an odull to help you. If you're lucky, you may find
a wooden packing box! Whether you use cardboard or
wood, the measurements are the same.

TALERBRARERERY
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AROMAN
ENERGY cnmi‘“’

Do you like hot baths? Or those wonderful hot
showers after playing hard at your favorite sport? -~ .

”Z‘

PR ;
—,

i

The Romans loved to go to the public baths.
The public baths were like the health
clubs of today, but withowt exercise
v machines. Roman citizens could

games, lified weights. and wrestled
in the huge, warm buildings. It took a lot
of wood to keep encugh fires going to
heat the baths.

Soon, because the Romans did not replant

the trees they cut down. the forests of Rome

were gone. This led to an energy crisis. So the

Romans studied what the Greeks had learned about

keeping warm with solar energy. And they discov-

ered something new—glass. Roman architects put
big glass windows in the south walls of the bath
houses. Because glass let the sunlight in without
Jetting the heat out. the bath houses stayed much
warmer. This saved a lot of wood!

.—.—- %
north cental Paly, where

‘ wmters are much cosder than

Greenhouses

The Romans put their new discovery to use in many ways. They built greenhouses.
A greenhause has a glass roof and glass walls. Solar energy warras the air inside, and
the glass protects the interior from ihe cold. The Romans grew summer vegetables alt

winter loeng.

The Emperar Tiberius loved
cucumbers, He ate one every day.
even in winter. His gardeners grew
them in miniature greenhouses
called cold trames. The cold
frames were on wheels so the
gardeners couid keep them
in the sun all day Jong!

Pliny the Younger was a
wealthy writer u.ho

Rome. Hehadahousem

used glass in his wmdws his home
could be heated with solar energy. The
_glass trapped much more solar heat than
stone walls alone. In fact, Pliny called his

favorite room a heliocaminus—which means
“solar furnace.” Today. rooms like this are
called “sun rooms.”

SUN.FACT

The Romans were the first to pass laws

1o protect a citizen’s right fo sunshine.
after same people built their heliocamini

in front of their neighbors” glass-walted rooms.
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SUN FACT
The .Eart_h's atmosphere acts like a big bubble of glass around’our planet.
Sunlight comes through the atmosphere and warms up the Earth
Tust enougurnf this heat is frapped by the atmosphere su the
Earth stays comiortable. Scientists eall this the “greenbouse eflect. ™

/.
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JULT FULT

'~ Test a deli-container sreenhouSe

Ciear _pkxstic works almos! os well os gla:s at trapping soiar heat. In this project
you w:IIl 1@52 how hot it can get inside o plastic deli-contoiner The deli-coptainer wﬂ'!
be a minigture greenhouse. There are many sizes and shapes of deli-contoiners—
try a few different lypes to compare how well they waork

40

Materials

2 lorge square ar rectangular plashic
deli-comainer
{look for one with a clear top aud
black botiom-—the kind that fast-
food garden salods come in are
often just right)

J black paint or black paper
if your contginer is
entisely clear

J therrnometer

Bailding i¢
If you have a clear container, paint the botiom black
and lef it dry. Or cut o piece of biack paper io fii the
bottom and tape it in ploce.

Using it

Put your thermometer in the conlainer ond dose it up. Be sure you

can see the numbers. Record the temperature, Set the container in the sun. Noontime cn a
clear, still day will give you the best tes! resuits for this experiment. Let your greenhouse sit in
the sun for a while, then check fhe tempercture. Record this femperoture, along with the
outdoor femperature. Do this twe more limes, waiting about 10 minutes before you check
ogain.

Understanding it

Compare the femperatures you've writien down. How hot can your greenhouse gef?
How long did it 1oke to reach the hottest temperature? Which one worked the best?

NOTE: Save your biggest and best deli-container
greenhouse. You will need it for anothar experiment at
the end of this chaprer.
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Old ideas in new h '
ouses But the portica doesn't stop the sun from getting into the greenhouse. The qoped
glass wall of the greenhouse sticks out into the sunshine because plants newy (ight
d summer. To make sure the greenhouse doesn't yet too

Today. we can use ¢ ; e .
warm in winter azdhfoz?ci:fr;ziacoveges mgde b the Greeks and Romans to keep houses both
_\ mer. A mod . . ) to , both i i
solartermpered™ home. This kind of house uf!rlnfalgzuse ::ai ur?% |these old ideas is called a hmg rg‘?iasospeiga‘lm\zitz‘rj;wns called vents. When the vents are open in sumn h
facing th ; . - ) south. It has large windows A i - . »r, the
greer?hoe sun, The roof. like a portico. sticks out over the big windows. There n:aon ;he i::an' sofar energy escapes. I winter, ihe vents are closed, trapping the solar enery inside
use—ar sun room—on the fronl of the house v also be a to keep the plants warm. . K
Even on the coldest wint ' "
er da i . y ; " s
At night. or on cloudy d v. the house will get all the heat it needs while the sun is shining S_Olar tempered homes use much less f.uet in their furnaces and less etecm;m, for,
the house st | ﬁe ays, the heat comes from a furnace. And on the hottest summer d : air-conditioning. This means less pollution from power plants. p :
2 ; v days. : .
vs cocl because the roof keeps sunshine out of the house i Solar houses have a long history in America They were first built by ﬂlefﬁlebia{ d
a is . ] 3t dians
Anasazi Indians of New Mexico. The + rgvazi

of the American Southwest and by the
built a city called Acoma. which means
Olynthia. with solar energy for every person wh

N than 300.000 homes in the United States using solar energy for heat

“gky city.” It was rnch like the Greek iy of
o lived there. Today, th‘e_m' als mare

£

e
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Start your own seceds

At the spring equinox, it is often 1oo cold to
plar seeds outdoors. Most seeds like waorm
soif to start growing in, and finy new plants
need proteclion from the early spring chill.

in this projecl, you will
find out f « greenhouse
can help seads and plants
get a head start compared
fo seeds and plants that
aren't grawn in @ greenhouse,
You might want to grow your
favorite vegetable, listed in "How
Much Sunshine Can Yeu Eat?
{See page 9.)
The test greenhouses you pick
should have a tail top s0 you can leave
planis in as long as possible once they
start 1o grow.

To make a tall greenhouse, just siack the deli-
containers on top of each other. Rectangular
condginers with flat tops and botorns—like
the ones McDonald's saleds come in—work
best for this. Simply cut out the flat part in
the top of one and the botiom of another,
then staple fogether. Be sure to leave some
of the flat part for the staples. You can slack
as many as you want this way.

Materials
1 your best deli-container greenhouse

. plant seeds—your favorites
thow aboul some sunflowers
and cucumbers?)

1 severat drink cups

2 potting soit

Building it

it the potiing soil is dry, mix it in a bowl with water
50 it is demp, but not scgagy.

Cut the drink cups all the way around, about two
inches from the bottom.

Fili as many cups with soil as will fit in your
greenhouse. Then plant your seeds in them, Plant f
them only as deep as the package says. Label each
cup with the name of the plant you've put in it
Water your seeds lightl—don’t make them soggy’
Put the cups in your greenhouse and close B up.

Now make ancther set of seed cups wilh soil and
seeds to match the ones in your greenhouse. You
will use these to make comparisons. Put them in
the bottom of a deli-container so they are easier lo
move araund, but this fime leave the fop off.

Using it

ifyou are doing this experiment when there is no danger of frost (late
spring, summer, and early folll, ther you can do it outdoors. Put your
greenhouse in @ spot that gets a fot of sun, but where it will not get
knocked over by the wind. Put the other seed cups nextfo it.

If # is winter, or if frast is still likely, put your greenhouse indoors near
@ window 1hat gets a lat of sun. Put the other seed cups near it. or in
another window thai gets just as much sun.

45

SUN FACT
. There are only two days in
the year when daytime and
nighttime both last 12 hours
The first occurs sometime
near March 21 and is rallec
the spring equinox. The
arher day, is the autumnal
sguings . which 2t s
argund Septerrwr 24



Check your seed cups avery day and record on the char bel

) ow whai you observe. Be sure fo wat
:’esealsiheywpeabdryqul. {Which ones need more water—the ones in Hwegremhouseormﬁsi:;
i Grce your seeds start growing, you will know whether or nat the greenhouse gave them o head start.

‘L:E:;e_!heplm!sh yowgfeenhouse until they get toa crowded—but be sure 1o put severol hokes in the
ainer 1o let out the heat. I it is summer, you may have 1o open the fop or your plants will cook!

:0:1 can end the exparimgn? now. §u1 if the season is right, why nol grow seme of your plants
uidoors in the gorden, or in some big flowerpots? Then you con find out exactly how many sun days
your favorites toke te grow from little seeds unfil they are ready to eot

CATCHING SUNSHINE

When the summer sun is shining on a parking lot, would you walk on the blacktop with bare
feet? No way, right? And you wouldn't touch 2 black car that's been parked in the sun, either.
So you already urklerstand a basic solar rule: Dark objects in sunshine absorb light and get

very hot. The fact that tight turns into heat when it is absorbed makes it possible for us to

use sunshine as a fuel.

On the other hand, light is reflected off
white and mirror-like surfaces. Objects
like this absort the least amount of
solar energy. Because they reflect the
light. these things stay cooler. That's
why tennis players wear white clothes.

SUN FACT

The temperature at the surface of the
sun—called the photosphere—1s abuut
10.000° Fahrenheit. A perfect reflector

could recreate the temperature o the

pholosphere here on Earth.




Il sitver reflects and is supposed
to stay caol, why does the metal
slide at the playground get so.
hut? i you looked at the metal
under a microscope, you would
see pifs and holes and dark
spats. Somne solar energy is
absorbed by these flaws in the
metal. and the slide warms up.

By SUTsr 2Usr
AN ezt ehe rule
et a cast iron frying pan and a light-colored stone

tabout the size of a potatol in the sun on o window

sill. Leave them there one hour. Now feel thern. Which
one is hotter? Does this prove the rule?

)

!
Now take the frying pan out of the sun. {Use
pot holders—it might be oo hot to hold!) tet it
sit for one minute. Is it stifl warm?

The cast iron holds on f¢ the solar energy it
obsorbed—ijust like the walls and floor of a
Greek house. But eventually it gets cold. How
long does that take?

Try this winter lest on g not-too-cold, sunny
doy, around neomtime. Put a thin black pan
ta black pizza tray works welll and a white
plate on the snow in the sun. What happens?

Fire from the sun

Lang aqo. people learned that a curved piece of sh}ny metal a'imed a% the sun 30;1;: hg{nt
a fire. They called these things “burning mirrors. The ancient Chinese uTe " m to
light fires far religious purposes. They considered the light of the sun to be holy and pure.

so fires made frem sunlight had special meaning.

Early scientists dreamed of buitding solar we;apon_f.flike';::e Iat;er bc::ms
and deathrays of science fiction--with bunnr‘:g MTrars. es%h oug
they could sink ships and burn down castles with solar power. There

is no real evidence, howevey, that anyone succeeded in using .

the sun for weapons.

SUN FACT

The shape of reflector thar works best is the curve cated @ p:i'aaqfa.
Big satellite dishes are parabolas. and the recelver i< ih o

The refiector in a flashlight is also a pnrarfr}!a The e~ .,"di .

glass also works like a burning.mirror by tncy<iisg the - .iigh

A5



A simple solar
water heater

For most of human history, taking
a bath was a complicated thing to
do. People coukin't just turn on
the faucet and have hot water
come out. The water was mostly
heated by wood fires. This meant
vou had to chop the wood, start
the fire. then wait for the water
to heat up before you could
take a bath. Nobody just
hopped in the shower.

About two hundred years ago,
ordinary Americans discovered
they could heat up bath water
with sunshine. No fancy reflectors
were needed. A metal tank and
some black paint did the job just
fine. In the morning, they filled the
black tank with cold water. While the
sun was shining, the tank absorbed
solar energy and the water inside
warmed up. By afterncon. the water
was hot enough for a bath

With this simple solar water heater, peopie
couid have hot water for a bath on any
sunny day. Lefting the sun heat the water
was a lot easier than chopping wood!

.

SUN FACT

Campers. hikers, and mountain : limbers can have a hot shower
arywhere in the world—they just have w fake along & lightweight, black
plastic bag wrh 2 shower head on it They Ll it up. hang it in the sun.

and wher the day is done. they can enjoy a nice B0t shower
Not recammended for Prlar Eaplorers!

Solar squirt

A garden hose lying in the sun can make solor Eveny L»cm.
hot water. See for yourself. Tum the spray lit b
nozzle on the end of the hose off and the waler This min
foucet on. After the hose has been lying in the Hera i
sun for a while, spray some water into a Adter the to
bucket. Check the femperoture of the woter in sun in Ol
the bucket with o thermometer. solar-g
lay Fac.
(Coution!! Never spray the water directly onto WZfimii.
your hand—it's hot!) Olyrm,
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Make your own mini selar water heater

Making a simple solar water healer is quick and ecsy. In the time # takes point to dry,
you'll be ready to try out this project.

Materials
J empty soda can

4 flat black pairt . . .
P Byilding it

Paint the outside of an empty
soda can black. Let it dry.

- wristwalch or
other portabie clock

_t thermometer

Using it

Fill the soda con with cold water. Take
the tempercture of the waler. Record
this an the chart on page 54.

Set the con in the sun. Take the
ternperofure every 15 minutes. Record
ihe temperatures on the char labeled 43
“Mini Solar Heater.” Don't forget to note
the wind conditions, and whether the
sun was shining or behind a cloud.

IMPORTANT: If it is a very windy or cold
day. do this experiment indoors atong a
sunny windew sill. Can you figure out why?

Feel the water. Make a note when it starts 1o feel warm, and then cgain when it feels
warmn enough to use for a bath.

NOTE: Remember fo recycle! Airplanes are made
out of aluminum because it is light and strong.
Every three months. pecple in the United States
throw away encugh aluminum cans to rebuild al
the commercial airliners currently in use.
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Undecrsianding il

When the chort & full, you will have quite o bit of data about your mini-hecler. Transfer this dato to
the grid below the chart. To do thay, start with “time zero.” Make a dot along the "lime zero” |'m_e
closest 1o the fine for the temperoture you measured. Do this with olf the other time lines.

Connedt all the dots with straight lines. Use a ruler so they will be neat. Now you have a picture
of how your water heated up. Scientists coll this piciure o graph.

1f you wani fo be reaily fancy, dor't make dats, make circles. Use an open cirde | 1) if the day was
suv:nuy, a holt-block circle |9 if it was partly cloudy, and o black circle 1@ # the sun wos completely
hidden by diouds. Now your graph fells you at a glance everything thaf's in your notes—except dato
obout the wind. Can you think of a woy to include the wind in the graph, foo?

With this graph and your notes, you con answer questions fike:
 Did the temperciure rise slowly and steadily?

< Did it rise quickly?

# Did it rise and falf?

+ Did it reach a certoin lemperature, then stop?

< What is the hottest the water got?
since all the heat is coming from fhe sun, see if the way the tempercture acted matched what the.
sun was doing ishining or behind a cloud, and what difference o breeze made.
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HAVE YOU EVER .. .7

... thought of building a solar oven
and baking Smores with sunshine?

[y
Y]
[

v
-
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Temeeparme

83 3%%8
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T
# s IR :
| P J oo ) If not, you should suggest pizze for supper tonight
o 15 30 45 % 15 30 45 g 15 30 45 . sa you can start this project.

1 ! . LS g
. + : » - o
' \(‘;‘.;_ ~ ” Plf,?: Did vou save a pizza carton in your solar junk box?
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Read the instructions carefully before you start. You've learned a lot about how to caich the %ﬂ ;&3‘;1}_ it .

sunt to make heat. Try 1o imagine how the solar oven is supposed to work, even before you ilcinig 2

build one. And read the TIPS FOR SUCCESSFUL SOLAR COOKING at the end of this

chapter. These helpful hints come from many young solar scientists who have already built
and used a PIZZA BOX SOLAR OVEN. -

) s Step 2"Open the 14-inch box. Clean out any crumbs or dried bits of cheese. Cover the boflom wath

snack bags, shiny side up. Leave a one-inch spoce between the bags and the sides of the box.

Step 1 Cut the sealed ends off the snock boags. then cut them open along the seam. Wipe off the oil
ond crumbs on the shiny side with o paper towel. Work carefulty—don't tear the bags.

» Fesay oeesur . Glue or tape them in place.

ST 1 & ith the black construction r. Glue or fape the paper infe place.
T Step 3 Cover the snack bags wi pape

le pixza box selar even Do nol go up the sides of the box with the pape:.

Step 4 Close the box. On the top of the box, measure 1Y inches in from the edge and make a mark.
Do this in several places all around the top. Now draw g line along these marks fo make the oulline
of the flap. Note where the hinge of the box is. Write "DO NOT CUT” along the line near the hinge,

CUT THESE LIMsS

Step 5 Cut along the front and two side lines o moke the flap. Work carefully.
If you are using scissors, you can get started by poking a hole with o penci Y
in the cormer where wo lines meet. Be sure fo furn the comers when you're . ‘-\\'\ !
cutting . .. youl nuin your box if you cut to the edges! And rernember not ey I? -
to cut along the line that will be the hinge of fhe flap. \\ A \\

‘ - ) ;\CH N g
Step & 1 helps fo have o pariner for this part.] Ploce your T ) ;"' :
ruler along the uncut line that marks the hinge of the [
flop. Gently pry open the flap. Make the fold on
the hinge crisp and neat.

Materials

iJ one H-inch
{or medium-size} corrugated
cardboard pizza box

Step 7 Cut one of the big
snack bags to the size of the
flap. Spread glue on the side
of the fiap that faces into the

¥ bfack construction paper Z ~ 0 v » 4 . box. (Don't use big globs of

2 extra-wide tinfoil or emply snack p 7 Z glue—it will squish out and
packages {potata chips, popcorn, — !,P‘ make g mess. Thin, squiggly
efc.) with shiny foil on the inside. You need 5 ¢ lines of glue work best) Glue
gt least two farge ones for the reflector fiaps, and Ty the bog to the flap with the
a bunch of smalt ones tor extra-wide tinfoill fo insulate o shiny side up. Flatten out all
the boftom. the wrinkles. Wipe up any

‘ . . with @ dam,
-J one sheet of cleor plastic. a little bigger than the 14-inch pizza box gg’eers?;irlsbef:)re?he dp
lask af the hardwore store for crystal clear plastic window covering) pop T

a glue, tape, ruler (a yardstick is bestl, magic morker, scissors or on X-ccto knife
{if an adult is helping you)

J a dark metal tray {if you have one in the kilchen) thot fits inside the pizza box
{or try the black plastic bottorn from a deli-conitainer)
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8 Close the box Put it on the sheet of plastic. Draw the outline of the box on the plastic with . .
Step P P Using it

the magic marker. Remove the box._ ’
' Box - Tor view YHo«wr to makc solar S'mores

e TN L ] T s S Step @ Put the plastic on top of your ) ingredianis:
r RN \ . box ond line up the oulline with the Q groham crackers
l R AR edges. Drow a line all around, hatfway . :
S N — ;;~%;y_.:.'.;,::. """ R between the edge of the box and the 2 marshmallow fluff
“ ) ) flap. (f helps fo have o partner hald 3 Hershey's* milk chocolate bar

T OO0 Lo ST -

areg inside these lines is the window.
Cut along the lines you just drew.

Step 0 Open the box and tape the
plastic fo the inside of ihe 1op of the box.
Tape one side first, then the opposite
side. Make it light 50 v looks os
smooth as glass. Tape the other two
sides. Seal it fight cll around. Close up .
the box and open the fiap.

\\\ > the plastic stift while you do this.] The

Al AL

YOUR PIZZA BOX SOLAR
OVEN 13 READY TO USE!

Lur 79 SiZE ge Aox

SrER & o FLASTIE 70 TRYS Crom
ALl arapyn, ’

STESL 10,

Ceenrr Lrogrre
TARLES ers

On insioe o

LiD To make: Break graham crackers in half. Put a blob of fluff in the center. Place
’ two squares of the chocolate bar on top. The selar S'more is ready to cook.
INate: Do not put another graham cracker on top as you would for regular

S'mores. Can you guess why?

NOTE. Once the window i5 10 place,
be caretul nat to push down on the flop
or you'll have 1o tape it alf over againd
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ST FOsIT
Don't snooze while the
S'tnores are cookins

Baking with the sun
Pick a day with bright sun, few clouds, and not too

‘QV ‘ e :"'"*"'-n..-. X

much wind. Make up some solar S'mares. Put vour Pizza Ny . L
Box Satar Oven in the sun. Put the 5'mores on the dark tray, B s A
if you have one, or set them on the black paper. (To keep the While the S'mores are cooking, check out this list
paper clean, first put a piece of clear food wrap under the S’mores.) of solar energy principles. if you can't rerpember
Then put your thermometer in. ) o what each word means, fook back in the
P ' : previous chapters. Curch.T the solar energy
REMEMBER: NEVER LOOK DIRECTLY AT THE SUNH i l ‘ principles us;e: by your solar oven.
: wa

GOT YOUR SUNGLASSES? { \ xrene

i_} L W solstice

kS * greenhouse
Aim the oven at the sun and adjust the flap to reflect the most sunlight n on your S'mores. :  solar-temperad
You can tell the aim is just right when the shadow of the flap lines up with marks you drew ¢ solar-fempe
on the top of the box. You can tell the flap is adjusted correctly by looking for the sun's O obsorb
reflection inside the oven. Most flaps make a bright band of sunlight. This will be the hottest + portico
spot. You can find it by moving your hand around over the window. Try to make this hot * equinox

reflection shine on your S'mores. Hold the flap at the best angle. {Don’t want to hold the
flap? Can you hold it in place with a string? How about a stick, or a straw?) # reflect
Wait a few minutes. Is the checolate getting
shiny? What does that mean? Make a note
of the temperature, then open the box and
test if the S'more is done. If the chocolate is
all gocey when you touch it, it's time to eat
and maybe cook s more!

BE CAREFUL %’m\ L
IF YOU ARE USING S
THE DARK TRAY.
IT'S HOT!
USE A POT HOLDER
TO TAKE IT QUT.

i



Tips for using the pizxa box solar oven'

The use of a dark metal pizza fray is highty recommended for best results. The metal heats up hotler
then the black paper glone—it absorbs solor energy betlert '

1

if you can help it, do not use the thin, gravboard type of pizza box. These rip easily, and because
they do not have trapped air like corrugated cordboard, they don't hald in the heat very well, il you
do have o use this kind, be very careful as you cut things out, and be especially careful as you fold
the flap

for neatness and ease of assembly, be sure the snack bag you use for the flap is ™ -, -
big enough o cover it in one continuous piece. ) ST

Sometimes, white glue will .not hold the snock bog malerict to the
cardboard very well. i the foil on the flap staris to peel off, tape -
around the edges to hold it in ploce. 1f this doesr't work, try a

stronger glue. Snock bags not waorking oul? Try tinfoil.
Be sure fo use the shiny side!

Set up the oven on blacktop, brick, or cement,
close tg the south side of g building. Shelter
the oven from any winds.

Try to filt the oven up a litle on the
narth side, but not so much that
the food slides off the tray.
This helps get rid of the
shadows cast by the
edges of the box.

i

SOLAR HOT WATER
DAY & NIGHT

HAVE YOU EVER .. .?

... plown on a cup of hot chocolate
1o cool it down? What happens?

The wind is like the breath of the sun.
When it blows over a simple sclar water
heater. the water in the tank just
can't get hot enough for a bath.

In 1891, an American fnventor
named Clarence M. Kemp
solved that problem so people
could count on having sclar hot
water more often. Mr. Kerip knew
what the Romans had discovered
about glass. 5o he put the tank insid= a

Ao g

miniature greenhouse. The water in i3
improved solar heater warmed up fas{ter‘
got hotter. and staved warm ever aitgr
the sun went down
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Inprese your mini solar water heater

in this project, you will do the same kind of test that M, Kemp did over one hundred years age
Wik your resulls be the same? -

0

Materials
- your mini solar water heater

- adek-container greenhouse big enough to hold the soda can
{Look for ene that holds o whole roasted chicken or a clear,
quart-size salad container, or a shoebox with o plastic
window in the cover—or use the method described in
“Start Your Own Seeds” on page 44.)

< wristwatch or other portgble clock
2 thermometer

e g AT

Using I¢

Fill the soda can with cold water.
Take the temperature. Record this on
the chart labeled “Mini Solar Heater”
lon page 54, under "Improved Heater").

Put the full con in the deli-container. Make @ hole

through the plastic for your thermometer. This way, you can

take the temperoture in the can without opening the greenhouse.

Put the experiment in the sun. Be sure the clear side is focing the syn.

NOTE: You could do this experirnent outside on a
windy day. The greenhouse protacts your simple
water heater from the wind and cold. just as the
cold frame protected the £mperor’s cucumbers.

DON'T LOOK AT THE SUN,
You con tell the container is aimed just right
when its shadow folls direct!i bohind i

Measure ond record the temperature every 15
minutes just as you did betore freview
instructions on poge 52]. Once you

have all the data, transfer it to the

same graph you used fo fest
your simple solar water heater.
Use a different colored pen
or pencil to make the
marks, and diow the
connecting line in this
same color.

Did your improved solar
water heater get hotter,
faster, just like Mr.
Kemp's? You can teft of o
glance. Look of the graph
and ask yourseif: Which
color fine is obove the
other one? If that color
belongs to the improved
heater, then that one worked
the best.

Review the questions we asked earlier
about the simple solar heater. Are the
answers different for the improved version?

Can you think of o way to odd insulation fo your
improved water heoter? If you con, maybe you should
run another test to see if it works even better. Use o third
color to record the results on your graph. Now you hove
a graph that lells quite a story. It would impress solar
scientists everywhere!

1t would atso make a great display for a science fair. Be
sure to include each version of your mini-solar heater and
make signs that explain things to people who stop by.
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From the collector, the hot water goes into the big tank. There, it mixes with the cold wate'r.
This makes the whole batch of water-a little warmer, but not quite warm enough. So back it
goes into the bottom of the collector. Each time the water goes through the collector, the

whole tankful gets warmer and warmer—as long as the sun is shining.

& is j j for baths. It can take as little as
Eventually, the tank of water is just the right temperature for ‘
three hot:rs of sunshine to heat up the tankful of water. The insulation keeps the water hot

e TW:E!Q-CWHi}Pmsa day.

e e

xi.a':‘;‘e;,, . . . A )
SUN FACT

Solar hot water is not just for homes. A hotel in

TR Eilai, lsrael, uses flat plate collectors o heat water

= H‘ﬁ% . for the guests. A swimming complex near Tokyo,

\% i Japan, heats the pool water with slar energy. An

Mm\ M apartment building in Burlington, Vermont, has
i i collectors on the roof o help heat the water

EM‘ . used by the residents,

Hot water around the clock

Even Mr. Kemp's improved solar water heater cooled off

overnight. There were no early-morning solar showers

until the invention of the flat plate collector. This device

was the key to solar-heated water around the clock. A flat )

plate collector is a large, shallow metal box. The inside is SUN FACT

painted black. The collector has a glass cover. The sides William J. Baitey designed the

and bottom are surrounded with insulation. Black pipes first flar plate collector in 1909

snake over the bottom. His solar water heater was
called the “Day & Night.”

The flat plate collector sits on a roof that faces south. A

pipe -for cold water connects to the bottom. Another pipe

connects to the top. Both of these pipes go into the house

and connect to a fank full of water. This tank is covered. top

to bottom and all around. with a thick bianket of insulation.

The pipes are not very large. so when the sun shines on themn. the. heat up quickly The
cold water comes into the pipes at the battom of the flat plate collector. Since there is only
a tiny ameunt in each pipe. the water heats up quickly. too. By the time it goes out the top
pipe. it is hot enough to scald you.
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Water magic

Most things shrink when they freeze, but ot HyO.
If you haven't noticed how waier expands when
it freezes, fry this: Fill an ice iray fo the brim. Set it
in the freezer overnighl. Check in the maorning.
Are the ice cubes higher than the nim of the fray?

A little design
change for winter

In 1913, a freak cold spell hit California. The
temprerature dropped to a record low of 20°F.
The pipes in the Day & Night solar water
heaters popped like popcorn. Water leaked
into people's houses. The disaster nearly put
Mr. Bailey out of business.

To save his business, Mr. Bailey
changed the design so that the
pipes from the collector went into
a coll of pipe inside the water
tank. This closed loop was filled
with an alcohol/water anti-frecze
mixture. So even on freezing
nights, the pipes in the collector
were safe. By inventing the closed
loop. Mr. Bailey gave the world

solar hot water around the clock pl
all vear long! Ninety percent of the homes on ‘ . -
Cyprus have solar water heaters. : k. |.‘ v a of your ! . Show ol the

Sixty-five percent of homes in lsrael
do. Thirty percent in Australia. Bul only
1.5 percent of the homes in the i

flat plate coliecior on fhe roof. Draw pipes o ol the places you use
hot woter in your house. Don't forget the washing frachinet

Coloe the pipes red. Then it wil be eosy 1o see whees o fhat solor

United Stales have solar water heaters /i ) .
Americans in 98.5 million hames siiit %3 hot water Is going. Is there a blece fo ﬁﬂam&ﬂﬂ‘l
paliute the air to get themselves clean! a
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HEATING
HOUSES WITH
THE SUN

HAVE YOU EVER .. .?

... been in & room that gets roasting hot
when the sun shines~—aven in winter?

You probably had to open the windows to stay
comfortable. What a waste to let all that clean solar
heat go out the window! A solar architect would
find a way to save it up for nightfime.

Just think of what the winter weather is like in
places where houses need the most heat—starmy,
cloudy, snowy. windy, and cold cold cold.

The ancient Greeks were able 1o heat their houses fairly
well by facing them into the sun and adding porticos. But
during a winter in Greece, the temperature rarely fell below freezing.
This is not the case in New England, Moniana, Oregon. or the
mountains of Colorado. And that's where solar architects wanted
to build solar houses.

Thanks to the Romans, the use of glass to trap solar energy
helped architects get closer to designing a completely solar-heated
house. But even with big front windows and greenhouses. the
. modern solar-tempered house still cooled down at night.

Solar architects had the same kind of problem that people have
had at hervest times throughout the centuries. All at once. the
tomatoes are ready, the wheat is ready, the melons and squash
and potatoes—everything is ready to pick at once. But no one can
eat it alll In a solar house, a sunny day is like harvest time.

To save the heat from a sunny day, solar architects learned to build
a solar heating system. A solar heating system does three things:
1. Collects solar energy while the sun shines.
2. Stores solar energy as heat.

3. Moves the heat from storage into
the house to keep the rooms
warm day or night.

The Massachusetts Institute of Terhnology was a
leader in solar house heating research. Scientisrs
worked there from 1938 until 1962 testing solar
houses. They built four houses and proved that
the sun could suppiy half the heat needed by a
house in the cold climate of Massachusefis.
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A solar map
Color in this map of the United States. Use red, pink,
orange, and yellow crayons. Now you have o piclure of

- : where the sun shines hottes! ond longest—all the red and
pink pioces! The mext best places for sofar energy are
orange. if you live in the U 5., what color do you live in?

Q

oo
Hawaii 5{9 \

i

Color all the number ones (1)
red. Color all the twos (2) pink.
Color all the threes {(3) orange
and the fours (4} yellow.

& !
sUNEACT
Dr. Telkes stored heat in a special sait
solution calfed Glauber’s salfs, which
absorbed enormous amounts of heat.
While other scientists needed 17,000
gailons of water fo slore enouch heat
to keep their solar houses warm,
Dr Telkes only needed 1.000 gallons
of Glauber’s salts

Living with the sun

Dr. Maria Telkes

Dr. Maria Telkes was one of the scientists who
worked at the Massachusetts Institute of
Technology. Her colleagues were trying to store
solar heat in huge water tanks, but she had her
awn ideas about a better way to store heat.

In 1948, Dr Telkes convinced a wealthy Boston lady. Amic'ia Peabody, to build a solar house
i Dover. Massachusetts It would be the fist ane entirely hreated bu the sun. Amelia
Peahody's architect Eleanor Raymond. designed the house and Dr Telkes designed the solar
heating system

72

Today we wouldn't find it strange that a woman architect, a woman scientist, and  an’
financier worked together on such an exciting project. But in their day. all the en
.as

were aiming toward new horizons when most people thought the only place for'w
in the home.

Dr. Telkes' solar house worked well far three years, but then the salts failed. Amel | .
had to put in a reguler furnace. Even so. Telkes' ideas were the most advanced i

Dr. Tetkes was a tireless solar
pioneer. She was also a great
cook. One November day in
New York City, she served
several guests a solar lunch
entirely cooked in a box oven
she designed. In less than
thirty minutes, out came a cast
iren pan with nine sizzling
hamburgers and onions.
a pol of potatoes, and a
pot of vegetables.
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A very big water heater

One type of solar heating system is like a giant solar hot waler heater. Several
fiat plate collectors are put on the roof of a house. The roof has to face south,

The water that flows through the cullectors comes from a huge tank ins the basement
of the house, While the sun shines, pumps push the water through the pipes of
the collectors. All day long. the water gets hotter and hotter. The 1aak is so well
insulated that it cari stay warm for many days—even if the sun doesn't shine. At
night, no water flows into the collectors. Instead, the hot water i the tank is
pumped to radiators in the house. The radiators release the stored solar heat
inte the air, and the house warms up. There is so much hot water in the tank
that it only cools down slightly during the night.
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" used until the sun shines again. The

into the rooms. Everyone inside stayed cozy.

Stormy days

The water stored in the tank is very hot.
It will be able to heat the house for many
days, rain or shine.

But what if clouds hang around
for a week, and the water gets
cold? Ancther source of heat.
called back-up heat, must be

back-up heat can come from an oil or
propane or woad furnace.

Living with the sun
A solar school

The first solar-heated public building was the Rose Elementary
School in Tucson, Arizona, built in 1948, :

The schoal’s solar collector not only caught sunshine—it also kept
the rain out of the school. The collector was the roof of the school,
made of aluminum troughs laid side by side. The top was painted
black. Air from the rooms was blown through the troughs by fans.
When the sun was shining, the air heated up, then went back _

Winter temperatures in Tucson rarely go below 50°F, so it didn't
take much solar energy to keep the rooms comfortable. This
simple solar heating system supplied nearly all the heat needed by
the school.

3
High schoot students in Oxford, Massachusetts, designed and built a greenhouse
at their school. Inside the greenhouse were 2.000 galions of water
for sioring soiar heat. The compurer class designed aulomatic computer contrals
and moenitoring devices for the greenhouse’s solar system,
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America’s first solar village

Wisconsin is far north. has bad winters, and the weather is often
clowdy. I's the kind of state where many people think solar energy
won't work. But the citizens of Soldier's Grove, Wisconsin. didn't
believe that. In 1978, they made a
law that new buiklings had to get
half their heat frem solar energy. Since
that year, over twenty businesses, the
Community Library, the Post Office, an
elderty housing complex, and several
homes have been built in town. All
of them get at least half their
heat from the sun.

Another place with very cold winters is Snowmass, Colorado.
Amory Lovins lives there in the Rocky Mountain Institute,
which is both his house and an energy laboratory. He
believes we can run the entire world on clean, renew-
able energy. To demonstrate this, the Institute gets
all its heat, hot water, and electricity from the
sun. Amory Lovins grows bananas in his
greenhouse. He picks ripe ones in the
middle of the winter!

o
SUN FACT
Just as the Romans did so long ago, the
citizens of Soldier’s Grave passed sun Taws,
These laws make sure that one person
can’t take away another person’s sunshine
by building tooe high. or by planting trees
thar would shade somenne ofse’s
» solar heating system
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Yind the bes¢
insulation

Solar-heated houses in places like Wisconsin would
not be possible without insulation. Solar-heated woter
could not stoy warm overnight if the fank were not
insulated. Insulation is almost as imporiant for solar
heat as the sun is?

Fiberglass insulation comes in big pink rolls, fike thick
blankels, and is used in the walls of houses. Inside the walls
or roofs of houses {or wrapped around the hot water tank),
these blonkets frap the heat that is frying fo escape to the
outdeors. if you squashed the blanket fiat, however, it wouldn't
work. If's not the fibergiass that stops the escape of heat; it's all
the litle pockets of air fropped in the blanket. Heat does not
move very easily through finy air spaces.
Many different things make good insulation. in this project you will build an insuletion test
chamber. With it, you't be able fo test different things and see how well they keep the heat in a
cup of hot waler.
Check in your solar junk box for things like packing peanuts, take-out bags ftear them up and
make tiny crumpled paper ballst, bubble pack, and cotion balls soved from vitamin and medicine

bottles. Got any mitkweed fluff? Test as many things as you like. In fact, you might want to build
more than one test chamber, or invite a friend fo bring one over
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i

Materials v

O 2 smail paper hot drink cups with one plastic fop
{Paper coffee cups work best. Avoid styrofoam:
the chemicals used 1o moke i destroy the
ozone loyer) .

O 1 quart-size yogurt, coflage cheese, or similar
deli-container with top

Using it ,3.4"3"’:'; : e P ¥
First, get the conirol case. {Control” is aword scigplitls use. it means the part of an experiment where
the scientist sees what would happen if he pr she hadn't fooled cround with things in the first place. for
this projedi, that means finding out how lost the woter cools down in a plain cup without insulufion |

fill @ small cup with hot water from the tap. Put the cover on. Slip
the thermometer in, Write down the temperature on the chart in
the "time zero” box under "Control” Check the temperature
every five minutes and write down the number in the correct
box. Be sure 1o wiggle the thermometer to stir up the water
before you read off the femperature.

3 white rice, Rice Krispies, ond various
aother things to lest as insuiafion

2 thermomater
2 timer of clock
THERMIMETER

Poastic Lios
oN EACH =~

Building it - A
Center the top of one.of the smalf hot drink cups on the plastic lid of the ycgqri.—coékuiner. a
Drow the outline. Cut out fhe circie shightly inside ihe line. i

Your insulation test chamber is set fo go. o - SHALL When the chart is full
£ ONTAINER subtraci each femperature
STS N from the one above it fo
4AR & &0 \ Y HoLE cur figure out how: many
3”:’ T s/ CO”,YA"V :ﬁ; A N LARBE - r s degrees the waler cooled
L0, c ONTAINER [LID e _ 0 | off during eoch five-minute
e ol AL & b period.
PLASTIE LD o‘o")
© Twsut &rion B —Q uART-S/ZE -
MATERIAL 9, ) CONTAWER
NSSLASTIE L1D
e arinm. s M’ y”
LT Next, try the rice. Pour some into the test chamber. Sei the smatt cup in. If the small
cup isn't even with the rim of the container, pour some rmare rice in the bottom.
- when you get the cup even with the rim, fitlin around the sides. Use the cover to keep

the rice from dropping inte the cup.
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Put on the big top. Fill the ofer small cu(s with hot lap water, pul on the top, and slide it

into the test chamber. Stip the thermometer in. Write down the temperatuie ot “time zero”
under “Rice” on the chart. Check the temperature every five minutes and write down that

number in the correct box

Here's a challenging design problem
Heat rises. But the top of our test chamber, where most of the heat will escape, is not insulced at

all. Can you design a test chamber that lis you put the insulatan over the top, as weil as the bottom
nd sides? Remember, you will need some way to check the temperature every five minutes without
Repeot the above with Rice Krispies, and then with different things you choose ang st 4 i
" - . . ) uncovering the cup
Test as many as you like. Compare your chans and think obout these questions:

# Which maleriols workad the best?

% |5 there anything the best ones shore in common?
Are they light, heavy, in strands, in chunks, fiully, or dense®

+ Did any of the test materials ket the water get colder thon the contral?
Befter think of a different name for that stuff than insuiation!

TrsuLarion "Comrmon Cura

Tesr M

s

¥
%
4

Rice ([Examerel
Paser Bacus

Tirse. {in .-\luurf-s)

SUN FACT
Do you ever read a newspaper nwice? It takes
trees 20 years to giow, but we toss out the
: " newspapers made from them after just a few
;%waawn??:t;:f 3 minutes of reading. Over. 500,000 rees aref
experiment is how used in every Sunday editien—an em@ fo.resi.
many degrees the One way 1o give old. NEWSPaPErs new life is to
water cools down use them for insulation. If the paper is ground
every five minutes. up, then blown between the walis in houses.
That information it will save energy for decades!
tells us how weil the
material works as
insulation. The better
the insulation, the
fewer degrees the
water cools down
each time.




Solar energy in the city

The Greeks could heat a city with solar energy 2,000 years ago—can we do it today?
A project on Thompson Street in North Philadelphia gives us a glimpse of what the
solar rity of the future might look like. '

The north side of a row of 23 attached houses faces the street. They loak just like .

ordinary city houses. But on the south side, every room has windows that let in light LT

and solar heat. One part of the south wall is a huge flat plate solar collector. which e

makes hot air from sunshine. The solar rowhouses use 63 percent less heat from a i

furnace than the regular rowhouses just across the street. and the fuel bills of the TIME To TU RN u P
peaple in the solar houses are haif as much. Better yet, they re causing only half as

: much pollution! ﬂ TH E H EAT

What do you do when you want something to cock faster on a regular kitchen stove?
You turn up the heat with a twirl of the dial. But we can’t turn up the sun!

Solar heat collectors built into the wall
of a house are called “trombe walls.”
The Philadelphia rowhouses have concrete
behind the glass to absorb the sun.

The PIZZA BOX SOLAR OVEN..
you built earlier probably
reached a temperature of
about 150°F. That was good
enough to cook solar
5'mores, bui not much else.
Pizza, for instance. is pften
cooked at 400°F! So’if we
went to cook oll}ér fast
foods like pizza, fachos;
or tacos, we've got to
find a way to turn
up the heat.

o g T
oot ;
: e

A iime  Other trombe wall designs use tubes
: or barrels of water,

Skyscrapers cast huge shadows on i
the buildings way down below them.
If onty someone had thought to
make Sun Laws when American
cities were growing!



The temperature a solar oven reaches depends on how much sun-
shine goes into it and how well the heat stays in there {and, of
cours~, how weil-made the oven is). The window lets in a certain
amount of sunshine. The flap is the same size as the window, and
reflects most of the sun aimed at it into the box, That's like having
two windows of sun in one place. Twice as much solar energy
means twice as much heat.

Overlapping sunshine like this is the only way to increase .

the solar heat available in a fixed area like the oven. R

SUN-FACT

" On average, about 1,000 watts of solar

energy falt on a 3' x 3* patch of
ground—about the size of a sidewalk
square, That's enough power fo light
ter 100-watt light buibs!

AV Let's make a two-flapper seolar oven

In this projed, you will nest the Pizza Box Solar Oven inside another pizza box. This
will make onother reflector flap. it will also give us space to put some insukstion
around 1he sides of the oven. With much more sun pouring in, and insulation helping
10 held in the heat, the lemperatures ought to be impressive’

In fact, the temperature will be high enough to cook mini-pizzas, nachos, or facos!

Materials
< Pizza Box Sclar Oven from chapter 6
J 16™-187 pizza box

2 the same materials you used in chapter 6,
except for the cleor plastic (page 56)

SUN FACT
Scientists say the amount of sun falling on a given spot is
eguat fo One Sun. If we have a reflerzor or magnifying
glazs ihat doubles the sunshire on thar spot. scientists say
e spot i~ now getling the energy of Two Suns.
So the twa-flapper is a Three-Sun oven!

B4

Building i¢ .
Step 1 Center the oven on lop of the bigger pizza box. Drow ils outline. Set the 'ovgn aside.
Nate where the hirige of the big box is. Write *DO NOTCUT” along the line neor the hinge.

Step 2 Follow the instructions for Steps 1, 2, 5, 6, and 7 i chapter 6 lpage 551

Smace Oven,

FITS N AP HUE
OF LARCER /50,

HINCE OM
7z A BoX -

WAL

lt ,:ur“{J




Step 3 Open the big flap. Sel the oven over the hole so that when boih Haps are open, they
are side by side. Press the aven intc the hole. It should be a snug Bt

Step 4 Fold bath Aaps alf the way open. Set the whole assembly upside down on a fable.
Open the big box botiom. Tape the corners of the §itle flaps on the big box top.

-Step 5 Fill in the spaces with insulation. {Pick ane that worked best from your insulotion test
chamber experiments—one that wilt be easy ta stuff in the spaces)

DID YOU NOTICE?

Corrugated cardboard is insulation,
Look at the edge. See the wavy line of
paper between the other two layers?
Air is trapped in the spaces. Trapped air
is good insulation. Why did we put foil
under the black paper? What could it
be reflecting there?

m ' m Step & Close the boitorn. Tumn right side up.

Tape the big box shut. if your oven is loose,
fape it 1o the big box, 100.)

Step 7 Set the two flaps upright. Poke ¢ small

Wiy
L’—\ hale in the smafl flap near the top. Poke
. another in the big flap near the one in
- the small flap. Push a iwist-tie
Ll through the holes and fwist.

TreLE

W H SMA:_L Eax HOUNTELD INSIDE,

L amcE Beox

Eared FLAPS LP -~ FIED TOGETHER - wiTH IHINY
IMATERIAL - BLUED ON-~ FACING I1M.
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The two-flapfer iz ready to gol!
Cooking with the two-flapper:

Cooking with your tmproved solor oven is just a litle different from the k., .-xon The fioaps ore
fixed in place, so you don't have to adjust them. To aim it so that the mos . Aedts off each fiap.
you point the corner opposite the flaps at the sun. Thereis a smoil gopLﬂ;m.: the flaps_ The sun
will shine through this. When that litlie band of sunshine lines up with the ...  the box, the aim
is perfect. {If your design doesn't have this gap, use the shadow of the ti,, . «M yOUr aven}

You might wanf to review the TIPS FOR USING THE PIZZA BOX SOLAR OVEL , witer 6.

Before you start work in the kitchen, set the oven in
fhe sun. This will warm things up, or preheat i, just
as you would with a regular oven. It's a good idea to
preheat the tray you will put the food on, tao.

REMEMBER! USE POT HOLDERS! THAT METAL T,y 3ETS HOT!!

Don't forgel 1o put your thermometer in the oven. [You may hav. . i+ the
twisi-tie fo open the oven.) Be sure to make notes about the ten-. ond
1he weather so you can compare the two-flapper to the originc

the

These recipes will not cook as fast as soler 5'mores Be petient .,
oven aimed at the sun
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How te make a mini-piaza

Ingredients )
< English muffins or pita bread
ltoasted, if you like crusty pizzal -

o pizzo sauce
) shredded cheese

1 fopping—-pepperoni,
mushrooms, block olives,
or . .. ishice very thin)

T'o make

split the muffin or pita pocket in half. Spread each hatf
with @ thin loyer of sauce. Sprinkie on some cheese, but
not too thick. Leave some spols of souce showing. Put on
two pieces of topping. Once the cheese looks melted, the
mini-pizzas are ready o eat.

&

SUN FACT

The largest plzza ever made was
122 feet. B inches in diameter.
It s made at Norwood Hypermarker
Se,th Airica, on December 8, 1964

Yow ¢o make naches
ingredients

7 corn chips

3 shredded cheese
3 salsa

Yo make

Put a single layer of chips on the fray.
Sprinkle on the cheese. Once the cheese
looks melted, dip thern in the salsa.

YHow to makc 2 tacos
ingredients

Q fortillas (com or fiour)

0 shredded cheese

2 can of black beans, drained

1 shredded letiuce

Q salsa

To make
Lay a fortilla on the fray. Cover one half with black beans.
Cover the other half with cheese. Once the beans are warm
and the cheese looks melted, the taco is cooked. Spoan on
some salsa and shredded lefluce, fold over, and eat.
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By adding another flap. we increased the amount of
solar energy pouring into the oven by one-third. Did
the temperature go one-third higher? For example, if the
oriy:nal oven hit HH0°F, we would expect the two-flapper to
reach about 133°F (% of 100 + 100). If this didn’t happen with
" your oven. why not? Remember, nothing is perfect! Was the
weather the same? The cutdoor ternperature too? How about
the wind? :
Did the two-flapper get even hotter than expected?

Couid the insulation have something to do with that?

Did the window fog up? What's happening?

Would it be a good idea if the flaps were adjustable?
Take off the twist-tie and move them around. Is there
an angle, other than straight up, that seems to reflect

more sun into the oven? If so, can you think of an Most solar c;vens that you
improvement to make adjustable flaps? can buy will reach
. O . . . . . ~ temperatures between
course, if the flaps aren't straight up, there's a big 250° and 350°F

gap between them. Any way to catch that sunshine?

What if you wanted to cook something in pots—TIike a stew,

or some rice? How would the design have to change?

What if you got really ambitious and wanted to make a Five-Sun
oven (reflector flaps on alt four sides)? How would the design
have to change? )
Car vuu predict what temperature your Five-Sun oven might reach.
hased on what you already know? Remember. each flap adds about
one-third more heat.

Do vou live in a place where cooking with sunshine is practical?
Thi» solar oven might not stand up to everyday use. Coukd you build

a seriens. sturdy solar oven out of other materials you can find?

920

Living with the sun
Saving trees with solar ovens
Imagine what would happen if your kitchen stove disappeared. If everyone’s kitchen stove

disappeared. And the microwave. And the outdoor gas grill

What if everyone in your neighborhood had to find some wood to cook with, every day? How
long would the trees last? How far would you have to go to find wood if you lived in the city?

It's a scary idea, isn't it?

Yet nearly two billion people around the
world cook their food every day over
wood fires. They often live in poor
countries, Women and children

have to work long hours gather-
ing firewood. Of course, the
more wood that gets burned
up, the fewer trees there are

in the fores:.

Just as in ancient Greece
and Rome, many of these
countries end up with an
energy crisis ard no trees.
A world without trees
isn't very pretty.' It isn't
healthy, either, because
trees breathe in carbon
dioxide and breathe out
oxygen, which animals and
people need to live. Trees
also hokd the soil in place and
make shade.

You know people can cook
with solar energy. You proved it
with your Pizza Box Solar Quen.

It turns out that many of the countries

where the forests are in danger are also
countries with lots of solar energy. In places like
Mexico, India. Kenya. and Peru. where the sun
shines almost every day. solar cooking is practical
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Several special projects are teaching people around the world how to build their own
sular ovens. One project in Arequipa, Peru, taught young people just like you how to
build solar cookers. The chidren speak Spanish. Solar cookers are called “cocinas
solares” in their language .

Guess what they used to build their
cookers? Cardboard boxes and
tinfoil! And for insulation, they
used crumpled-up newspaper.
Seems they had a solar junk
hox, too!

To find out what's going on
with "cocinas solares™ around
the world. get in touch with
this group:

Solar Cookers International
1724 11th Street
Sacramento, CA 95814
U.S.A.

(916) 444-6616

S b e
SUNFACT
A poor family can spend one day
each week gathering firewood just
to cook their food. i they do not C
have wood. they use kerosene tuel.
whicls is very expensive. Half of all
the manegy the family eams may, be
spent just on kerosene!

SUN FACT

Tom Burns used to run a restaurant.
Now he designs and builds huge, porfable solar ovens
called “The Villager ” Each oven weighs 700 paunds
and sils on a trailer. They travel from vilage 1o village
in poor countries. The Villager can cook 50 loaves
of bread at once. Ten minutes affer it is aimed a1 the sun,
the temperature inside will reach J00°F.
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ELECTRICITY
FROM SUNSHINE

HAYE YOU EVER . ..?

. used salar electricity?
You probably have and
dido't even know it. Many
pocket calcutators are solar-
powered and don't need [
batteries. When you put them 4 ;
Y in the light, they are ready to e .. .
: work. The solar cell is usually
a small rectangle of biue

2 glass on the calculator. . rv--
- “L 4




Solar cells

Mast solar cells are made of purified sificon, an element feund in sand. The silicon is melted in a
furnace. and a ribbon of “seed crystals” is added to the malten silicon. ([f you've ever made rock
candy by putting a string in a class of super-sugary water. you can guess what happens next . . . )

As more and more silicon crystals “grow” around the ceed crystal, the furnace fills with a thick
rod of silican. called an ingot. After the ingot is removed from the furnace and very slowly
“cwoled, it is sliced inta thin wafers. Special coatings are added, along with a metal foil back, Wires
are attached o the top and bottom. When sunlight shines on a solar cell, it generates electricity.

why do solar cells work?

Solar cells work because the energy in light knocks
electrons off the silicon atoms in the solar cell. This is
called the photovoltaic effect, discovered by
French physicist Edmund Becquerel in 1839.

SUN FACT

The silicon in one ton of sand, made
into solar cells, would deliver as much
energy as 500,000 rons of coal.

SUN FACT

A solar-powered clothes dryer is
very simple to make. Just string a
rope between two trees and buy

some clothespins!

erupt from the surface of the sun. There

The discovery that silicon makes the best solar cells was an accident. In 1954, scientists at
the Bell Telephone Lalx ratories were experimenting with silicon for use in electronic devices
like computer chips. They happened to shine a light on their bit of silican and the needle on
their power meter jumped The silicon solar cell was born

|
1
s

SUN FACT

Solar flares are geysers of sunlight that

et

is encugh energy in one solar flare to
power all our cars. machines. houses,
and facteries for one billion vears!

Solar cells in space

Since the beginning of the space program
solar cells have powered satellites and
spaceships. The sun never sets in space. so
solar celis work twentu-four hours a da

Shydab we- Amarica’s first space station. It had
four biuge solar panzls o suppiv electricr, for
:insce the space sTation
let them ook direcy a

SUN FACT

The nest sateilile so arbir the s.n. Pioneer V. the astronauts |
used 4800 sofar ceits for pawer. Special equipnent

it was launched March 11, 1960, lhe sur One astronagt said the ~urface
looked like “a grest big bowl of oatmeai + ath

and circled the sun petween Earth and Venus
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Down to Earth

On Earth, solar cells supply electricity to
warning buoys in the ocean, to weather
stations on mountain fops. and to houses
on islands. In remote African villages,
they run refrigerators to keep medicines
from spoiling. In India, solar ceils are
pumping water. Solar cells are useful

wherever power tines do not go.

HAVE YOU EVER ., ..?

. Imagined life without electricity?
No lights, TVs, computers. or
videc games? Hali the people in
the world don't have electricity
in their homes.

Peaple all aver the world are discovering solar power.
All that's needed are some solar panels and batteries.
It onlv takes a few days to put a solar electric system
on vour house! Solar power can go wherever people
go. Most solar parels are about one foot by three feet
wide and weigh about the same as a gallon of milk.
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AT U
Roof «wratts

Here's a solar-powered calcutation tor you. Find.out the area of your schoal's roof. You will
need 16 know how long the ouilding is and how wide it is in feet. Multiply these two numbers
together. That gives you the area in square feet. Each square foot of sotar panet can create
about 10 watls of eleciricity. if you mulliply the orea of the roof by 10 wotls, then divide by
two, you will have a rough estimate of how much solar electricity your schoal could make
when the sun is shining. You divide by two because the solar panels have to be far encugh
apart not o shode each other—so some spoce con't be used fo produce efectricity.)

SN

SUN FACT

Bicycles are aiready solar-powered.
Da you know why?

sunshine in the tank

Solar cars make no pollution. They are quiet.
Imagine what city streets would be like if all the
buses and trucks and cars were solar-powered!

Many states are experimenting with electric vehicle
charging stations. Instead of putting sofar cells on the
electric cars. engineers put them on the charging
stations at commuter parking lots or on the roofs of
shopping malis. The driver just piugs the car inte the -
parking meter and drops in a few coins. Clean slar
energy gets zapped into the batteries while the driver
is at work or shopmng!



FRYOLATOR POWER

Solar electric cars are not the only way to go.
Cars and trucks with diesel engines can run aon
used oil from cooking french fries. Tank getting
low? Just drive in to your favorite fast food
place, tell them to hold the fries and pour in
the oil! Over 500,000 gallons of fryolator oil
are used every year. it's made from plant
seeds. And it's renewable!! ’

SUN FACT

What should every solar house have?

A solar robot lawnmaower! These really

exist and look like tuitles with solar cell

shells. Whenever the sun shines, the

rabot roams around the lawn nibbling
the grass with tiny cutters,

SUN FACT
You're not likely to see one of
those fancy, high-tech solar rebot
lawnmowers. But keep an eve out
for a low-tech, solar-powered
lawnmower—ihat is. a goat.
sheep. or cow!!

A day at the solar races

All over the United States, Kids have been designing. building. and racing their
own solar electric car models for several years. These races are part of the Junior Solar
Sprint project sponsored by the U.S. Department of Energy. Every racer gets
exactly the same kind of solar panel and motor. but everything eise about the car is
up to them The point is to build the fastest, snazziest-looking solar racer on two,
three. or four wheels.

Often, science classes in one school wil} hold a Junior Sprin? race for several nearby
schools. Just like real races on a dragstrip in elimination rounds, the winners move
up until a champion is found. if you would like to find out more about having a -
solar race in your school or town, contact the
National Renewable Energy Laboratory
1617 Cole Boulevard

Golden, CO 80401

(303} 231-1000.

SUN FACT

A new kind of solar cell is not fragile. Made an a fiexible sheet of plastic or metal. 1 comes -
huge rolls and can be molded to the shapes of things, like car bodies and huidings Soor-
these solar rells will take the place of regular roofs on houses Theyre calied " svlar shogies
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Big solar power plants

Solar cells are not the only way to make electricity with solar
energy. A sclar power plant in the California desert uses burning
mirrars set up in long rows. The special curved mirrors reflect
sunfight onto black pipes filled with water. The pipes get hot and
turn the water into steam. Hundreds of mirrors must be used to

make enough steam for the power plant.

Thz steam runs a turbine generator that makes electricity, This
solar power plant makes enough electricity for 500,000 homes.

A pocket power plant for you

DO You., . .?
. use toys that need batteries?
. have a portable radio or cassette deck?
- like to go overnight camping?
read by flashlrght after "lights out™?

)

Then you could use a solar battery charger. These
devices have a solar panel and a compartment for
hatteries. Rechargeable batteries are placed in the
charger. After two or three days in the sun. they're
ready 1o use When the batteries run down. just
pup them back in the charger' The Real Goods
Trading Company sells solar battery chargers and
many other fun things. Call them for a catalog at
(8OO 762-7325.

100

SUN FACT

The swimming stadium for
the 1996 Summer Olympics
in Attanta, Georgia. had a
solar eleciric power plani on
its roof. The solar panels
generated 340,000 watts
of solar electricity.

SUN FACT

Americans throw away over
two billion balteries every vear.
Batteries poison the Earth.
Let's use rechargeables!

Become a solar engineer

Make a list of all your things that use batteries—like
fape recorders, flashlights, and toys. Circle the ones
you think could have solar cells on them instead of
batteries—ijust like a solar calculator. What would
your things look ke with solar cells for power?

Now you are a solar engineer!

Which of your things wauld you like to use at night?
Can you think of @ way to use sotar energy for them,
even in the dark?

Why not take some of your snozzy designs and moke them
work with real solar cells? To find real sofar cells, motors,
gears, and other stuff, contact the Edmund Scientific
Company fa ask for a catalog. Call {609) 573-6260, or write
them ot 101 £ Gloucester Pike, Barrington, NJ G8007-1380

HAPPY TINKERING!
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a greenhouse—

buiiit the house—
Michael wrote.

computer!

A lifelong love—=

tinkering has 1
solar ovens, v

solar cars, sol

a working sole
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Nlustrater

As a young man, Buckley Smith
saited from his native California
halfway around the woiid on a
boat he built himself, making
a living selling his art. He now
lives on an offshore island in
Maine where he produces work
~ -~ for his own gailery. With his wife
— and two sons, he has built two
homes which are powered entirely
by the sun. This is his third book



