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' Notice '

This unit was prepared as an account of work sponsored by the
United States Government Neither the United States nor the United
States Department of Energy, nor any of their. employees, nor any of i
their contractors, subcontractors, or their employees, makes any ]
warranty, express or implied, or assumes. any legal liability or
responsibility for the accuracy, completeness, or usefulness of any
information, apparatus,|product, or process disclosed, or represents j
that its use would not Lnfrlnge privately owned rlghts. .Reference
herein to any specific commerc1al product, process, or service by
trade name, mark, manufacturer, or otherwise, does not necessarily |- ) ,
constitute or imply its endorsement, recommendation, or favormg by - : !
the United States Government or any agency thereof. The views and :
opinions of authors expressed herein do not necessarily state or !
reflect those of the United States Government or any agency thereof. |
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o - v ' _Introduction
The energy plcture is changing too fast to be captured in books. Before the
ink is dry new experlments, technologles, and legislation make some of a!new
book's information obsolete. Magazines and newspapers are better able to keep
pace with rapid change, nd it is on these media’ that the well-informed energy
consumer depends. o P :

b

collection of magazine articles selected to help you fo'cus,
on an important part of; the changing energy picture: solar energy. This booklet is
Part IV of the Solar: Energy Reader, a series of four booklets' i .

I. Energy, Soc:ety, and the Sun

(Generaldreadmgs on phllosophlcal, polltlcal, and legal toplcs)

A

r

/1. Sun Story : C ‘ :f i
' (Solat hlstory, mythology, and poetry)

I1l. Solar So/ut/ons

(Artlcles on the many appllcatlons of solar energy: heat, photo-
voltalcs, wmd, hydro, blomass, etc.) ' : 4 :
IV. Sun Schoo/mg {g
(Easy readmgs on energy and artlcles .about teaching solar) :
i J
The blbllography at the end of this booklet w1ll guide you to artlcles ‘that
time and space would nnot allow us to include here. But the magazines represented
in the bibliography and the reader are continually publishing new reports on recent.
. developments. The person who wants to be well-informed about the changmg
energy picture will follow these publlcatlons regularly : ’

by Stuan Dna nos

stems.

« selliing mlerlOr sy : ;
e
turers and insts
uing the contra Q, 23355
1 axpert in the N ould do it differ;

'*anera\ sV t solar
his firs
e no'-hmB:
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Tzhje Energy of the Sun

Did you.know that the sun is-the source of all the
energy on-earth? Oil, coal, wood, grain, ocean cur-
rents, winds, waterfalls, or simple heat -- it all comes
originally from the same place. Get to know the sun!

. L
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THE ENERGY

The world is not short of energy. More than
enough energy exists to run all the activities
upon which modern life depends, for some 10
billion years or more. What is the source of this
boundless energy? It’s no secret. Every day
each of us sees it for himself or herself. The
source of that truly limitless energy is the sun.

Scientists believe that the sun produces
more energy in one second than all the energy
people have used so far in the course of human
history. Only a tiny fraction of the sun’s total
energy output actually reaches the Earth, but
that is more than enough to supply all human
energy needs. The problem is that scientists and

The Sun. the source of all energy for our planet, has several dif-
ferent regions. .

corona — the outer atmosphere, seen as a silvery halo dur- |
ing an eclipse. Made up of thin, electrified gases.
chromosphere — the 6000 mile thick inner atmosphere seen
as a rose-colored fire during eclipse. Several thousand mile
long “‘flames" called prominences rise from it. Tremendous
winds and storms rage in this region.
photosphere — the restless surface of the sun. Bubbles of
gases 300 to 900 miles across rise from the interior. Earth
telescopes show whirlpools of gases that are darker and
cooler than the rest. These are called sunspots.
gaseous interior — tremendous heat from the interior is
transfered by the gases in this layer.
inner region — billions of hydrogen nuclei are constantly
being fused into helium in this gigantic nuclear furnace.
Temperature thought to be around 20,000,000 degrees F.
Every second, 4,000,000 tons of the Sun's mass converts to
radiated energy. Possibly one-third of the Sun’'s supply of hy-
drogen has already been converted by fusion into helium. That
leaves enough hydrogen for about 6000 million more years of
energy. ’

Reprinted from the January 1975 issue with permission of THE CURIOUS NATURALIST, copyright@1974.
All rights reserved.
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i, |
ll engineers have not yet developed ways to use
the sun’s energy on a large scale.

The sun really is not so unusual. It is just

% another middle-size star. What is special is the

# location of the Earth with regard to the sun. The
Earth's place in the solar system is just right —
not too far and not too near the sun. Just enough
of the sun’s energy — solar energy reaches the
Earth to make it hospitable for life as we know
it. Think of that next time you walk in the sun-
shine.

Like other stars, the sun acts as a gigantic
hydrogen bomb. Its surface has a temperature of
10,000 degrees F. and its center, or core, more
than 20 million degrees F. The core of the sun is
where all the action is. Like the rest of the sun,

it is composed of hydrogen gas. But the gas is
under so much pressure it is more dense than
steel. In that unbelievably hot core, the atoms of
hydrogen come apart. The electrons fly away
from the nuclei of the atoms. Under the great
pressure and heat in the core of the sun, the nuc-
lei of the hydrogen atoms combine, or fuse.
Four hydrogen nuclei fuse into one of helium.
However, the helium particle weighs slightly
less than the four particles that fused to form it.
Some matter has been lost during the joining, or
“fusion”” of the hydrogen nuclei. That matter
changes to energy, the energy of the sun. The

|

sun has enough hydrogen fuel to continue to
burn for about 10 billion years, twice the time it
already has existed.

The tremendous energy produced by the
sun radiates out into space as several forms of
rays or waves, and also in the form of particles.
Scientists measure the energy that the sun
radiates in terms of wavelength. Those kinds of
radiation with long wavelengths — visible light,
heat, radio waves — are able to pass through the

Earth’s atmosphere. Much of the short]|

wavelength radiation — ultra-violet light, X-rays
— plus the high energy particles, are blocked by
the Earth’s atmosphere. Thus visible light is
only one part of the energy that comes from the
sun. Much solar radiation cannot be seen by the
human eye. Some ultra-violet rays, for example,
do pass through the atmosphere and cause sun-
burn even on a cloudy day when the light from
the sun seems weak.

The sunlight we see is yellow-white in

color. But it really is a mixture of colors. You
can prove this for yourself by noticing what

happens when a beam of sunlight passes through
a prism, an aquarium, a crystal chandelier, or
even a drinking goblet full of water. A prism
breaks up so-called ‘‘white light”’ into violet,
blue, green, yellow, orange and red.

Edward R. Ricciuti

a
-

The thermonuclear fusion of hydrogen into helium in the sun's
interior (at a temperature of 20 million degrees Farenheit) re-
leases a tremendous amount of energy. This energy is in the
form of radiation and particles. The radiation travels outward to
envelop the planets of the solar system in light, heat and other
forms of energy. Fortunately for the Earth, most of the highly
energized forms of radiation are trapped by our atmosphere.
Fortunately, too, the right amount of the forms of energy
necessary for life (heat and light) do reach the Earth's surface.




LIGHT AND LIFE

Every night as darkness falls and light re-
treats from the upper zones of the sea, vast
numbers of creatures from the depths rise to-
wards the surface. They belong to a zone of the
sea that 1s forever dark. The sea 1s lit by the sun
to a depth of about 650 feet. Below that. the
water dims and then blackens. Some creatures
of the dark depths carry their own hLghts. like
fireflies. The lights are used as identification, to
lure prey. and to attract mates. At night. as the
light ebbs from the surface waters. many deep
sea animals rise to feed.

Although light may shine to a depth of more
than 600 feet, there is enough light for green
plants to grow only to 350 feet. In the sea. as on
land. green plants are the base of the food
pyramid. Plants gather the energy from sunlight
and convert it into chemical energy. which ani-
mals can use.

Plants accomplish the conversion of energy
through the process called ““photosynthesis.™

356

Without photosynthesis neither plants nor ani-
mals could live. See the September, 1974,
Curious Naturalist for a diagram on photosyn-
thesis. Photosynthesis generally takes place in
leaves. which are light traps. Leaves have a
large surface exposed to the sun. They absorb
sunlight easily. The light is absorbed in the
leaves by the substance that gives them their
green color — chlorophyll. Meanwhile the plant
has taken in carbon dioxide from the air, through
its leaves, and water and minerals from the soil,
through its roots. In the leaves. the chlorophyil
triggers a chemical process., which with the
energy of sunlight makes sugars from carbon
dioxide and water. As this process takes place,
the plant gives off oxygen. Without plants, not
only would we have no energy for our bodies,
we could not breathe. The sugars are the basic
food of the plant. Plants provide food for many
animals. which in turn provide food for other
animals. In the long run. the energy that powers
our living processes originally came from the
sun. and was processed through plants.
Photosynthesis is not the only way in which
sunlight affects living things. Light has a variety
of effects upon life. The length of daylight —
called the '‘photoperiod’™ — triggers many
natural activities. Deciduous trees sprout leaves
in the spring because the period of daylight has
increased. Many animals begin reproduction in
the spring for the same reason. Biologists who
have tried to breed certain wild animals in cap-
tivity have found that they must duplicate the
TRY

THIS J@;ﬂ

You can find for yourselt how sunlight
affects plant growth.

Pot three plants (beans or peas are a
good choice) in potting soil. Place one of
the plants in a window where it will receive
light throughout the day. Each day turn the
pot around so the plant gets equal light on
all sides. Keep another plant under a
fluorescent lamp that is on 24 hours a day.
Place the third plant in a box that is light-
tight. Remove the box for only five hours
daily and during that time place the plant
under the lamp. Give each plant enough
water to keep the soil lightly moist.

Compare the growth of the plants.
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All the Earth's living things depend on the
sun for the light energy needed for photo-

synthesis and for the heat energy that
warms the atmosphere.

natural photoperiod with artificial light to
have success. The length of day also helps
trigger the migration of birds.

Edward R. Ricciuti




SUN POWER

Anyone who has walked with bare feet over
pavement on a hot summer day knows that the
sun can be used to heat objects here on Earth.
““Sun power’’ appears to be the solution to find-
ing energy for not only heating but all other
needs. During the day, the energy of the sun is
no person’s property. It is available to anybody
on Earth as long as the sun is shining. Of course,
the amount of sun power varies according to the
season, weather, and the part of the Earth where
it is used. But with proper scientific know-how,
there would be enough sun power for every-
body.

Unfortunately, it may be many years before
scientists and engineers can develop inexpensive
ways of using sun power on a wide scale. Many
imaginative ideas have been put forth. Most of
these make use of mirrors or glass to collect and
concentrate solar energy. Although a tremen-
dous amount of solar energy reaches the Earth,
it is diffused, or spread out, and must be concen-
trated if it is to be used to produce power. The
idea is not new. Heat from a solar collector was
used to make steam to drive a steam engine in
France a century ago. Some people have pro-
posed setting up solar collectors over more than
a hundred square miles of desert. Such a solar
power plant would use the sun’s heat to make
steam just as coal, oil and nuclear fuels are used
to make steam in power plants today. The steam
could generate more than enough electricity to
power the nation.

Another idea is to launch a satellite more

Solar

engines, furnaces, ovens, water
heaters, space heaters, refrigerators, air
conditioners, and swimming pool heaters
are some of the kinds of solar energy
equipment being tested in this Florida
laboratory.

than 20,000 miles into space to collect solar
energy. The satellite would beam the energy to
an antenna on Earth, which would convert it to
electricity. The electricity could then be distri-
buted through the power lines we already use.
Unfortunately, the cost of such projects still is
very high.

Meanwhile, however, sun power is heating
homes and hot water for homes in several parts
of the world. A solar home costs more to build
than a regular home but in the long run, it is
cheaper. The home has its own energy supply.
The heat source does not have to be distributed
to the home from a distant power plant or oil
terminal. There is no delivery charge for solar
heat, although in very cold places a home may
have to have an emergency heater that runs on
fossil fuel. Most solar homes, however, have to
operate the emergency heating system only
rarely.

Providing electricity for a solar home is
more difficult than heating it. Normal sunlight
must be concentrated many times to generate
enough heat to provide a household electrical
supply. Researchers are experimenting with
many approaches to designing equipment for this
purpose. One promising idea is a bowl-shaped
device that gathers sunlight and focuses it in a
narrow beam. It might be suitable for the roof-

358
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An electric car that uses batteries
charged by the sun. The car of the
future?

top of a home, and may produce enough heat to
make electricity. Some researchers have even
designed experimental solar powered au-
tomobiles.

It remains to be seen how soon we will har-
ness sun power effectively. Recently, however,
some experts offered a hopeful estimate.
Perhaps, before the end of the century, so many
homes will be solar heated that it will total 10

per cent of the country’s energy need.
E.R.R.

THE GREENHOUSE EFFECT--

KEY TO SOLAR HEATING

Solar energy is used as the source of heat in
greenhouses. Most of us know what a
greenhouse looks like, but what about how it
works? Simply, the greenhouse is built so that
solar energy can enter it but heat cannot escape
to the outside. It is a heat trap.

The greenhouse works on the principle that
not all wavelengths of energy can pass through
glass. Visible light rays can go through the glass
of a greenhouse. The light heats up the interior
of the greenhouse, which then radiates energy as
heat, rather than light. The heat energy is in the
form of infrared radiation, which has a longer
wavelength than visible light. Infrared does not
pass through glass, so the heat is locked within
the greenhouse. As more and more light enters
the greenhouse, the inside gets hotter and hotter.

’ GREENHOUSE
TO SOLAR HOME

FROM

A solar home is heated through the
greenhouse effect. This does not mean that a
solar home is all glass. Rather, part of the roof
of a solar home is designed as a greenhouse.
Heat builds up inside the greenhouse and is
transferred through the rest of the home just like
heat from fuel-powered furnaces — through
water pipes or hot air.

Some solar homes have huge tanks of water
or gravel in their “‘greenhouse’ to absorb large
amounts of heat during the day. The heat is thus
stored for use at night when the greenhouse is
not operating.

In summer, the heat gathered from the sun
also can be used to power a refrigeration unit to
cool a solar home.

A demonstration solar home. Space heat-
ing in winter, air conditioning in summer,
hot water, a stove and oven, a heated

© swimming pool, some electricity and even
some liquid waste recycling are all done
by the sun.
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WIND, CHILD OF THE SUN

Perhaps no other natural force affects us in
so many different ways as the wind. A gentle
breeze can cool us on a hot day. A north wind in
winter can chill to the bone. Wind can bring rain
to areas parched by drought. It also can bring
swirling dust storms. Wind can sweep away
clouds, revealing the sunshine. And at its worst.
as storms such as hurricanes and tornadoes.
wind can be among the most dangerous forces
on Earth. Whether breeze or hurricane. how-
ever, wind is basically a movement of the
Earth’s atmosphere.

Weathermen measure wind according to a
scale that runs from calm to hurricane force.
When the wind blows at less than a mile per
hour, it is calm. A strong breeze is a wind of be-
tween 25 miles per hour and 31 miles per hour.
Hurricane force starts above 74 miles an hour.
but the wind can blow much harder than that.

The strongest wind ever recorded. outside
of a tornado, blew over the top of Mt. Washing-
ton, New Hampshire, one April day in 1934. It
swept the peak at a speed of 231 miles per hour.

Most of us experience wind every day.
Have you ever wondered, however, what makes
the wind? In a word. the answer is the sun.
Many other things contribute to the real winds,
but basically the wind is a child of the sun. The
movement of the atmosphere. or air. that is the
wind happens because the sun heats the Earth’s
surface unevenly.

Near the equator. the Earth receives the di-
rect rays of the sun and thus receives more heat
than northern and southern regions. where the
sun’s rays strike at an angle. The air near the
equator is warmer than temperate air because of

The force of wind from the
Pacific Ocean has bent these
trees permanently.

TRY THIS

Clap a couple of dusty black-
board erasers or shake a cloth
dusted with talcum powder
over an unlit light bulb. What
happens to the dust? Now,
light the bulb and wait for it to
heat. Shake the dust over the
bulb again. What happens to
the dust? Why? Do you see
why the wind is said to be "*a
child of the sun™?

this fact. Moreover. the surface of the Earth acts
like a radiator. It radiates. or gives off some of
the heat from the sun. further heating the air.

The warm air from the equatorial region is
pushed upward by the cooler. denser air flowing
in from the polar regions. The warm air then
moves in the direction of the polar regions, cool-
ing as it moves. As it cools it settles and pushes
any warmer air toward the equator in a kind of
cycle. Because of the Earth’s rotation the winds
blowing to north or south seem to veer to the
east. while those heading for the equator veer
west. The great masses of air that move between
poles and the equator make up the Earth's over-
all wind pattern. There are local winds. also.
which affect smaller areas. A sea breeze on a
hot day is a local wind. It occurs when the den-
ser. cool air over the ocean rushes in and pushes
up the lighter. warm air over the land.

\F THE FARTH DI1D NOT
ROTATE THERE wOoULD
BE A SIMPLE EXCHANGE

THE SPINNING EARTH
MAKES A MUCH MORE

COMPLICATED PATTERN,
AREAghCl)F- Lé\ND




RETURN OF THE
WINDMILL

Imagine a million giant windmills stretched
for 1500 miles across the Great Plains. Or im-
agine an even bigger line of windmills towering
over the landscape from the Gulf of Mexico to
the Canadian border. Imagine
windmills 600 feet high along
New Jersey's coastline, and a
chain of windmills whirling atop
platforms at sea, off New Eng-
land. Within a few years,
perhaps it may not be imaginary,
but real, for the windmill may re-
turn as a major source of energy.

This year the National Sci-
ence Foundation will spend $7
million to study how to make a
better windmill. The windmill
has been in use for a few

Wind power is a more concen-
trated form of solar energy.
Some day, windmills such as
this may float offshore and pro-
vide power for New England's
cities and towns.

On farms there are still some old wind-
mills (A) being used to pump water. Re-
cently, new windmills of many different
designs have appeared on homesteads and
experimental farms. Windmiil (B) uses a
bicycle wheel and a small generator to
produce small amounts of electricity to
run a radio. . Windmill (C) is made from
sheet metal and mechanically pumps wa-
ter. Windmill (D) is a turbine-generator
that operates power tools.
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thousand years. Some people credit the Chinese
with inventing it. Others say the Persians are re-
sponsible. Chinese, Persian, Dutch or American
— all windmills work on the same pattern. A
windmill consists of blades — or sails — which
are attached to a shaft. When the blades catch
the .wind they spin the shaft. The shaft may be
attached to other shafts, or directly to an engine,
pump or turbine. Basically, however, wind
energy spins a set of blades, which spin a shaft
that drives whatever device is attached to it.
Some scientists and engineers believe that
blades spun by the wind may supply a large por-
tion of electrical power in the United States by
the end of the century. That may be too much to
expect but it appears as if the windmill will be
one tool to help meet energy problems in the
years to come.

The wind, of course, does not blow all the
time, so a windmill cannot be expected to oper-
ate continuously. This is-a problem researchers
are trying to solve. First of all, windmills proba-
bly will be concentratéd in “‘wind corridors’’,
where it is windy miich of the time. Electrical

power from windmills also can be stored for use’

when the blades are not spinning. .

- Actually, small windmills were commonly
used for power on farms in the United States -

until only a few years ago, and some are still in
use. But the windmills of the future will be much

larger and ‘much more complex. And. rather’
than supplying just one household, the new:
windmills will. be linked to power networks -
stretching across the country. Among -the ex-

perimental windmills to be built in the near fu-
ture is one :that NASA plans to construct at

Sandusky, Ohio. It will have a single pair of .

blades, 125 feet from one tip to the other. and
will perch atop a tower 125 feet high. -

A pair of windmills almost as large have
been proposed to generate electricity on Block
Island, Rhode Island and researchers are study-

ing a plan to produce electricity for Néw Jeisey

from wind power. According to the-plan: wind-

mills 600 feet high would be’ constructed along a

parkway- that runs close to New Jersey's coast-
line. Another plan proposed by -engineers in the
Southwest suggests setting up a million wind-
mills along a 1500-mile stretch of the Great
Plains. The engineers who propose it say the
windmills could produce a fourth of the electric-
ity needed by the nation.

E.R.R.
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THINGS TO NOTICE
ABOUT THE SUN

How many of us pay much attention to the
sun? We miss its warmth and brightness after
several days of rain. And some of us notice it
during a solar eclipse such as the one last month.
However, for the most part. people in today's
world pretty much ignore the star that gives us
life. You should never look directly at the bright

sun even with dark or smoked glass. However,

there are a lot of things you can safely notice
about the sun. Here are a few:

USING THE SUN AND A WATCH INSTEAD

OF A COMPASS

We all know that the sun appears to cross
the southern sky each day. If you want an
accurate way to find true south at any time of
the day, without a compass, you can use a wrist
watch. Point the hour hand of a correctly set

“watch at the sun. In the northern hemisphere,

south will always be halfway between the hour

__ hand and number 12 on the face of the watch. Of
Vcourse once  you know south you can find
north, east and West ’

USING YOUR F]NGERS TO ESTIMATE THE

TIME TO SUNSET-

If you have no watch but are Concerned

' about how many hours of daylight are left. here

i's‘_a’ helpful tip. Face the setting sun with both

“arms out straight in front of you. With your fin-

gers estimate the distance between the base of

- .the sun and the horizon. That is. each finger
- equals about fifteen minutes. Four fingery means

one hour until sunset. Four fingers on one hand
and two on the other means one and a half hours
until sunset. and so forth. If the sun is more than
your eight fingers above the horizon, you can
still Fgu1‘e the-time to sunset by using a stick at

carm’s Iength Hold the stick vertically so that its

base comes at the horizon. Mark the place on
the stick with your fingernail where you see the
base of the sun. Then measure how many fingers -
fill the space on the stick.
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The Star That Controls Our Lives

Our sun may be an average star -- as stars go.
But for us, it's the big clock, the super-cooker, the eye
of the universe.
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BY LILLIAN BORGESON

ONE year out of every eleven,
¥ the mysterious star that con-
trols our lives does something
re baffling than usual. For rea-
sons imperfectly understood, its mag-
netic forces build to a peak and dis-
charge in a pyrotechnic display. Great
tongues of flame leap hundreds of thou-
sands of miles into space and violent,
erratic flashes of energy stream out
from its surface to cause all sorts of
weird happenings on earth. As it hap-
pens, 1980 is one of those years, and all
- over the world scientists will be moni-
toring the spectacle with the most so-
phisticated instruments they can find.
Which just goes to show, there’s still
not much new under the sun. As long
as humans have: lived on earth, we've
been monitoring the sun and its effects,
even when the most sophisticated in-
struments available were only our eyes
and our wits. We've watched it and
worshiped it and wondered about it.
Along the way, we've collected a vast
array of facts and fables about it. Here
are just a few of them.

_ CGreat ==
of fire

The sun has more than 99 percent of
all the matter in the solar system, most
of it packed into its dense core. Its di-

ameter is more than three times the dis-
tance between the earth and the moon.
Like most cosmic balls, the sun has an
axis and turns on it, but not very neat-
ly. Because most of the sun is gassy
rather than rigid, its surface doesn’t
turn all-of-a-piece. At its equator, it
does one lap in 25 earth days; at its
poles it takes approximately 37 days to
do a full turn.

Of the dozen or so stars in the sun’s
near neighborhood — say, within a
radius of 60,000,000,000,000 miles —
only one is a lot bigger and brighter.
That’s brilliant blue-white Sirius, the
brightest night-star we see. Alpha Cen-
tauri, which is visible from the south-
ern hemisphere, is a yellow star much
like our sun in size and brightness. All
the others in the neighborhood are red-
der, smaller and dimmer than the sun,
mostly too dim to be seen with the
naked eye in spite of their closeness.
The smaller orange-and-red stars burn
their fuel much more slowly than the
yellow intermediates and the blue-
white superstars. So they will probably
still be chugging along when our sun is
nothing more than an old, used-up
hunk of helium ash.

ILLUSTRATIONS BY BILL ERSLAND
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— _THAT way

Most wildlife lovers know that birds
use the sun to help them navigate . ..
but fishes?

Sure. Not much sunlight penetrates
the murky depths, but apparently
enough gets through to tell the fish
which way is up. Prove it by putting a
fish in a small aquarium with a bright
light at the top: the fish will maintain a
vertical position. But put the light
along one side of the aquarium and the
fish will tilt in that direction.

our

¢ Reprinted from INTERNATIONAL WILDLIFE, July/August 1980, with permission of the National Wildlife
. -Federation, copyright©1980. All rights reserved.




Even when you know the earth’s day
and night are caused by its own 24-
hour spin on its axis, rather than sun-
“rise” or sun-“set,” it’s not always easy
to keep things straight.

Consider the sunflower, for instance.
In the morning, it faces east to catch
the morning sun, at noon it’s straight
up, and it looks west for the afternoon
sun. So between dawn and dusk the
flower has made a 180-degree change
in directions, right?

Wrong. It’s the land around the
sunflower that faces in a constantly
changing direction. The sunflower al-
ways faces in the same direction — the
direction of the sun.

On the other hand, the lowly mallow
weed is a real twister. Like many
plants it keeps its leaves turned to the
sun all day. But right after sunset (or
earthrise, to be accurate), it turns its
leaves from west to east, in anticipa-
tion of the dawn that’s still hours away.

How does it “know” where the sun
will reappear? It’s not telling.

—_ Thesun
___ _alsosets

Or seems to. And its daily disappear-
ance in the west caused much nervous-
ness among prescientific humans, who
suspected that it might never come
back. Nobody was more anxious than
the Aztecs, who saw themselves as the
people chosen to protect the sun from
extinction. To keep it strong enough to
rise every morning, they nourished it
with blood — the hearts taken from
vast numbers of sacrificed humans, at
least 20,000 a year and probably many
more.

Meanwhile, peoples whose beliefs
were based on the Bible were spared
that worry by the Lord’s post-flood
promise that “while the Earth remain-
eth ... summer and winter and day
and night shall not cease.”

flare
____ _waming

Sunspots, prominences and flares all
multiply when the sun hits the top of
its 11-year magnetic cycle. But it is
flares — the sudden, intense bursts of
electromagnetic energy and highly-
charged gas particles — that have the
most effect on the earth. They batter
and penetrate our magnetic shield and
spark weird happenings.

On the plus side, increased flare ac-
tivity this year should make the “north-
ern lights” brilliant and beautiful.
These auroras are caused by electro-
magnetic energy, magnified by flares.

On the minus side, flares can cause
powerline surges and blackouts, in-
crease radiation danger in high-flying
jetliners and mess up radio-TV commu-
nications. Not long ago, flare inter-
ference jammed emergency radio chan-
nels so badly that a California fire de-
partment dispatcher was getting emer-
gency calls from an airplane crash in
West Virginia. And flare activity is
what caused Skylab to fall years before
it was supposed to.

“We do a lousy job of predicting
flares,” U.S. solar scientist David Rust
told a reporter recently. Not surprising.
Nobody knows exactly what causes
them, and their speed gives earthlings
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very little time to react. The elec-
tromagnetic energy of a flare covers
the distance from the sun to the earth
at the speed of light and its high-
charged gas particles can get here in
just 20 minutes.

noon

About 2,300 years ago, a vacationing
Greek named Eratosthenes noted that
the noon sun at Alexandria, Egypt, was
a little closer to “straight up” than at
his home town in Greece. With that
observation, plus the new game of log-
ic called geometry, he calculated the
circumference of the earth. Correctly.

lag

Well, actually, we never really see
the sun at all. We see what it looked
like a little while ago. That’s because
its light, traveling at 186,000 miles per
second, takes eight minutes to get to
the earth. But that’s practically noth-
ing, as stellar distances go: the light of
the next-closest star takes more than
four years to get here, and our view of
most other night-stars is dozens, hun-
dreds or even thousands of years old.
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___Paeans

Oh, thou whose dawn is life, whose
setting, death,
In the great dawn, then lift up me,
thy son.
— King Ikhnaton of Egypt,
thirteenth century B.C.

Thou Sun, of this world both eye and

soul.
— John Milton, seventeenth century A.D.

(paean, pe-an, n: originally a song of
praise to Apollo, a.k.a. Helios, god of
light and the sun.)

.

Wb, —

If you have a hard time grasping
Einstein’s contention that space and
time are different aspects of the same
thing, here’s a close-to-home solar illus-
tration. Any earth date — say, August
31, 1980 — isn’t just a “time.” It’s also
a place in space, a specific section on
the earth’s track around the sun, So in-
stead of saying, “next August 31,” you
could say, “the next time earth is at the
place in solar orbit that we call August
31.” Right? Of course. Or as Dr. Ein-
stein put it: “There is no more com-
monplace statement than that the
world in which we live is a four-dimen-
sional space-time continuum.”

Eclipses are an intricate three-part
ballet in which the sun has the star
role. An eclipse of the moon happens
when the earth moves directly between
the sun and the moon, so that the
earth’s shadow, cast by the sun, ob-
scures the moon. An eclipse of the sun
happens when the moon moves be-
tween the earth and the sun at exactly
the right angle to obscure the sun.

If the earth’s orbit around the sun
were in exactly the same plane as the
moon’s orbit around the earth, there
would be two total eclipses every
month: an eclipse of the sun at new
moon, an eclipse of the moon during
every full moon. But it’s not, so there
aren’t. Instead, eclipses happen two or
more times a year at irregular inter-
vals, but in a pattern that repeats every
18 years.

Waste not,

Mull this one over: In just one sec-
ond, the sun puts out more energy than
humanity has used in its whole history.

The sun radiates. its energy impar-
tially in all directions, and only about
1/2,000,000,000 of it reaches the earth.
But that’s a bunch: 170,000,000,000
megawatts every second (one “mega”

is a million watts). Of that, 40 percent
is reflected back into space, 15 percent
is absorbed by the earth’s atmosphere,
14 percent powers the evapora-
tion/rainfall cycle that nourishes the
dry land, and 2 percent maintains the
earth’s wind and ocean currents. Only
about 7,000,000 megawatts per second,
004 of one percent, are absorbed by
the earth’s plants, and less than half of
one percent of that is made into food.
Enter humanity, to play its so far
tiny role in the solar-energy economy.
People use only about 2 percent of the
earth’s plants for food, feeding another
1% percent to domestic animals. Solar
energy stored as fossil fuels and fire-
wood is converted to 200,000 mega-
watts of usable energy each second.
This is a mere 1/800,000,000,000 of
the sun power we receive each second.

— Oddball

On Venus, every day would seem
longer than a year — because it is.
Venus orbits the sun once every 225
earth days: that’s how long its year is.
It turns on its axis only once every 250
earth days: that’s how long its day is.
The combination of those two motions
makes “sunrise” happen on Venus once

in about 118 earth days. OL’




—_Opotting

In order to be visible to the naked
eye, a sunspot — one of those pyrotech-
nic displays referred to at the outset —
has to cover at least 500,000,000
square miles of the sun’s surface. The
biggest recorded to date: 7,000,000,000
square miles.

Sunspots were seen and noted by the
ancient Greeks and “rediscovered” by
Europeans in 1611, after Galileo start-
ed scanning the skies with a telescope.
In between, the leading thinkers of the
Dark Ages maintained that the sun was
a perfect, unblemished sphere, so sun-
spots obviously “couldn’t be.”

Note: Sunspots only look black
against the dazzling radiance of the
sun’s surface. Against a dimmer back-
ground, a big spot would look as bright
as the full moon.

ice

A
8

Studies of the earth and its fossil
records show that great sheets of ice
have advanced and receded through
most of its history, and the intervals —
an Ice Age lasting a few million years
every 150,000,000 years — correspond
roughly to the path the sun takes on its
great orbit around the hub of the
Milky Way. Some scientists theorize
the Ice Ages happen when the sun and
its family pass through the dust clouds
of the galaxy’s two spiral arms.

The intense radiation of the sun can
damage human eyes quickly and per-
manently. Never look at it directly
when it’s high and bright in the sky.
Never look at it through binoculars or
nonsolar telescopes. Look at it with the
naked eye only when it’s a big red ball,
hazy on the horizon at sea level ...
and even then, do it briefly.

The safe way to view the sun is in-
directly, by projecting its image
through an eyepiece onto some other
surface. This is done in a big way by
the instrument called the heliostat. He-
liostats are used mostly in conjunction
with the great solar telescopes (the
largest, at Kitt Peak Observatory in
Arizona, produces a 33-inch-diameter
image of the sun), and mainly by re-
searchers. One of the few heliostats al-
ways available for public viewing is at
the Space Museum in Hong Kong.

___The
prodigal
su

The sun cooks up energy deep in its
core, where super-high temperatures
and pressures trigger nuclear reactions
in which lighter elements combine to
form heavier elements. Some free
energy gets away as a kind of by-prod-
uct. As a result of this conversion, the
sun is losing about 4,500,000 tons of its
mass every second. At that rate, it will
probably start burning itself out in
about 5,000,000,000 vears.
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of
the
sun

For some of the racial differences
that have caused human disharmony,
blame the sun ... or our ability to
adapt to the sun’s different effects at
different parts of the earth’s surface. In
general, scientists say, the shape, size
and color of mammals (including hu-
mans) tend to follow these patterns:
The average size of individuals is
smaller in warm climates, larger in
cold climates. Protruding body parts
like noses and legs are longer in warm
climates, shorter in cold climates. Col-
ors are darker in warm climates, lighter
in cold climates.

The dark-skinned peoples who devel-
oped near the earth’s equator, where
the sun’s rays are most direct and most
intense, have more of the protective
pigment melanin, which absorbs the ul-
traviolet rays of the sun and helps re-
sist both sunburn and skin cancer.
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About 65,000,000 years ago, a six-
mile-wide asteroid crashed into the
earth. The impact kicked up so much
dust that sunlight was screened out all
over the world for several years. With-
out it, all the plants stopped growing,
and creatures that ate fresh plants or
plant-eating animals starved to death —
vanished, literally, in a cloud of dust.
By the time the dust settled and sun-
light returned to revive dormant
plants, the only critters that survived
were those that could get by on nuts,
seeds and decaying vegetation. Life
and evolution took off on a new tangent.

So goes a brand-new theory proposed
by Nobel Prize winner Luis Alvarez
and a team of University of California
scientists. It’s only a hypothesis, they

grant, but one that explains an other-
wise puzzling part of the fossil record:
the fact that 65,000,000 years ago more
than half the species then living, in-
cluding dinosaurs, suddenly died out.

_ Farly =

ut
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Nearly 6,000 years ago, the sun-
watching Chaldeans of Asia Minor
made accurate sundials, divided the
day into the hours we still use and fig-
ured out the recurring cycle of eclipses.
The ancient Egyptians, Chinese, Celts
and Aztecs all made accurate pre-
dictions about the movements of the
sun. And in a burst of solar insight
more than 2,000 years ago, Greek as-
tronomers figured that the sun might
be a big, burning hunk of metal, larger
than the southern half of Greece and
maybe even 300 times larger than the
earth — instead of 27 inches or ‘“the
size of a foot,” as scholars elsewhere
maintained. The Greeks also surmised
that the earth rotated on an axis and
orbited around the sun. They even took
a fair shot at estimating the distance
between the earth and the sun, using
the math methods still in use today.

_ _hassuch

atmosphere . . .

. For which we should all be
grateful. On our neighbor the moon,
which has no atmosphere to reflect,
diffuse, retain and generally soften the
radiance of the sun, the temperature
gets to 243 degrees Fahrenheit at noon,
drops to 260 degrees Fahrenheit below
zero after nightfall.

Right now the earth is spinning on
its axis at the rate of about 700 miles
per hour, and carrying you with it. It’s
also barreling along at about 66,000
miles per hour on its annual
584,000,000-mile track around the sun,
and carrying you with it. Meanwhile,
like everything else in the solar system,
the earth is accompanying the sun on
its 225,000,000-year orbit around the
far-distant center of our home star sys-
tem, the Milky Way galaxy — and car-
rying you with it at about 481,000
miles an hour.

And you thought you were just sit-
ting in one spot, reading a magazine. |

Free-lance writer Lillian Borgeson has
had a lifelong interest in astronomy,
lives in sunny California and claims a
generally sunny disposition.

-
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Behold, My Brothers

Energy is just one of the gifts of our earth. We
need energy, but we also need other things: clean air
and water, food and land that will grow it, and space
for living. We have to weigh each against the others.
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Behold
my

brothers,

the Spring has come;
the Earth has received
the embraces of the sun
and we shall soon see
the results of that love!
: Every seed s
S awakened and so has all

The Appeal to the Great Spirit animal life. It is through
Cyrus E. Dallin this mysterious power

that we too have our

being and we therefore yield to our neighbors,
even our animal neighbors, the same right as
ourselves, to inhabit this land.

Yet, hear me, people, we have now to deal
with another race — small and feeble when our
fathers first met them but now great and over-
bearing. Strangely enough they have a mind to
till the soil and the love of possessions is a dis-
ease with them. These people have made many
rules that the rich may break but the poor may
not. They take tithes [taxes] from the poor and
wedk to support the rich who rule. They claim
this mother of ours, the earth, for their own and
fence their neighbors away; they defuce her with
buildings and their refuse. That nation is like a
spring freshet [stream] that overruns its banks
and destrovs all who are in its path.

These words were spoken by the Sioux
chief, Sitting Bull, nearly one hundred years
ago.

\

Reprinted from the April 1975 issue with permission of THE CURIOUS NATURALIST, copyright © 1975.
Htustrations reprinted with permission of the Boston Museum of Fine Arts. All rights reserved.
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Also one hundred vears ago. Herman Melville,
the author of Moby Dick, said, ,
My eyes rolled over the wide rolling country
and over the village and over a farmhouse here
and there and over woods, groves, rocks and
falls — and 1 thought to myself what a slight
mark does man make over this huge green earth.

Who was right, the Indian or the white
man? In a sense, they were both right. Even
though much of “‘this huge green earth’ is now
covered with the white man’s possessions and
refuse — parking lots, dumps, hot-dog stands.
highways, power lines — there is still a lot of

scenery that is pleasing to the eye. There are
still a few places where humans have respect for
the land that supports them. But are there
enough places left? When the human population
doubles in about 35 years. will the Indian’s
words alone be true?

Much of the mistreatment of the land, the
water and the air is caused by our use of tre-
mendous amounts of energy. On the next few
pages we have outlined some of the energy prob-
lems we are facing now. There are no easy solu-
tions. Energy problems will be even more dif-
ficult to solve in the future.



SOURCES
OF ENERGY

The strip-mining of
coal just below the surface
of the land (left) provides a
relatively inexpensive
source of fuel for making
electricity. Some day,
economical ways of mak-
ing gas or synthetic oil
from coal may be found.
As petroleum becomes
more expensive and
scarce, the search for coal
both underground and at
the surface will increase.

However, strip-mining results in a ravaged
landscape. Gigantic holes and piles of waste are
left behind. The waste materials often erode and
wash into rivers and streams. In most cases the
strip-mine can be filled in, covered with soil and
planted with grasses. This is an expensive proc-
ess that adds to the cost of coal. In the past,
mining companies as well as some government
leaders have resisted the added cost of restoring
the land. Hopefully, new laws will require that
strip-mines be restored.

Drilling platforms (center) up to one
" hundred miles offshore search for natural gas
and petroleum for electricity, gasoline and heat-
ing fuel. This drilling in the oceans is increasing
as sources of oil and gas under the soil become
scarce. Most coastal wells are operated without
oil leaks or ‘*blow outs’’ that cause oil pollution.
But occasionally accidents happen. As more
wells are drilled in the oceans, the chances of oil
damage to our beaches and salt marshes and to
the wildlife and food sources will increase.

Hydroelectric power (lower left) is consid-
ered to be a relatively pollution free source of
electricity. No fossil fuels are burned. Water
falling over a dam in a river turns a turbine and
generates electricity. The electricity is then
transmitted on power lines to urban centers.
However, this process causes disruption of the
river. Dams alter the flow of the river and thus
the life in the river. They flood large areas of
land and cause the reservoirs that are created to
fill up with silt. Fish migrating upstream must be
helped over the dams with specially constructed
“‘ladders.’”” These are expensive and are often
omitted.

-
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REFINING
AND STORAGE

After petroleum is ex-
tracted from the land or
sea, it must be processed
or refined into different
products and then stored.
This requires a large
amount of ltand and results
in a certain amount of air
and water pollution.

In recent years, refin-
ery operations have im-
proved and storage areas
are carefully controlled to
prevent pollution. How-
ever, as our demands for more and more oil,
gasoline, plastics and other petroleum products
grow, we must expect more refineries and ““tank
farms’’ on our landscapes.

POWER GENERATION

The largest use of both oil and coal is for
generating electrical power. As new plants have
been added and air pollution laws strengthened,
the process is becoming somewhat cleaner.
However, the burning of fossil fuels that have
large amounts of sulphur in them continues to be
a threat to health.

Because of the need for cooling water,
generating plants are often built on wetlands,
rivers, seacoast and other scenic sites. While
most of us use the electricity they produce, no
one wants a power plant in his backyard!

GOOD READING

Man’s Mark on the Land; The Changing Environment,
Arthur S. Gregor, Scribner’s, 1974. (e.))

Man, Nature and History: Controlling the
Environment, (Nature and Science Library)
Natural History Press, 1969. (j,a)

Energy, Power For People, Laurence Pringle.
Macmillan. 1975. (j,h)

The Flow of Energy in Nature, Laurence Pringle.
Crowell, 1975. (e)

TEACHERS and YOUTH LEADERS — could you
use extra projects, discussion topics. games. book
and film lists for your class or youth group? The
Curious Naturalist now provides a bimonthly
teachers' guide leaflet. For a sample copy send a
stamped, self-addressed envelope to The Curious
Naturalist. Lincoln, Mass. 01773.

*pooprimary. ¢ clementary.j - junior high b= high school, a = wdult
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TRANSMISSION

Both before and after a fuel is consumed, it
must be transported. Oil and gas travel across
land by pipelines or across oceans by tanker
ships. Electricity is transmitted on power lines
strung on towers that seem to march across
much of the landscape. Pipelines and power
lines use large amounts of land.

There has been some progress in placing
these transport systems underground where they
at least cannot be seen. In some cases, such as
the Alaskan tundra, oil pipelines cannot be
buried. This presents problems for migrating
animals.

High voltage lines produce heat so they
cannot always be buried. New research is in
progress now on specially cooled power lines
that allow for underground systems. However, it
is unlikely that many existing power lines will be

removed from the scene.
Tankers that carry oil on the oceans have

grown to super sizes. When accidents occur in
the future, the oil spills will be more serious and
harder to control. Seabirds, sea mammals, fish,
plankton and shellfish are sure to be threatened
by future oil spills.

The burning of foss

d leases heat and pollutants into
Some of these materi-
als are in the air naturally. In

the air.
natural systems, the
balance. Howevel
concern about the

the air.

these materials seem to be in
burns more fossil fuels there is

amounts of these materials in

b

il fuels re-

amounts of
r, as man

increasing
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FOS3IL FUEL
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AN ENVIRONMENTAL
PRICE TO BE PAID

We all enjoy an easier life because of the
tremendous amount of energy our nation ob-
tains. We pay an environmental price for this
energy in the form of disturbed land, poor water
quality and air pollution. Some of the intrusions
on our landscape and waterways are relatively
minor. Plants, animals and people can live with

/ R L

We will have to live with even more energy
related intrusions on our land and water if our
numbers and our energy demands continue to
rise.

Extra care will be needed in the future to
control the environmental cost of our energy-
rich life. People, animals and plants cannot live
with air that is dangerous to breathe, with water

376

that is unfit for drinking, or with very many dis-

B STE RESERVATION &

CTERNN

population grows we will not be able to feed
ourselves unless we learn to take special care of
our land.

s LA TERRAG Y A % T .

The alternative energy sources we have ex-
plored in The Curious Naturalist, such as solar,
wind, geothermal and methane energy, hold
some of the answers to our future energy needs.
There are other experimental energy sources
that may also help. But no one energy source is
the perfect answer. Some combination of many
energy sources, including the fossil fuels that
remain, will probably be the best solution for the
future.

Whatever the solutions may be; we must
make sure they are rooted in good conservation
practices. Just as with other of the earth’'s re-
sources — the soil, the forest, the air, the water,
the wildlife — we must make wise and careful
use of energy.

What are you doing today to conserve our
energy resources? What will you do tomorrow?
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I CHART OF PRESENT ENERGY SOURCES

Q

ENERGY
N PR AT .
~. Mined from deep in the earth or scooped B d i fooo NO’ V‘f"l run out
COAL rom shallow mines near the surface. urned mn - power someday.
- plants for electricity
or burned for heat in
buildings.
10an
peocoOBO U [] a
peooopnosl00
i Transported to re-
} fineries to be made No, will run out
PETROLEUM | Pumped from deep wells on land or off the into fuel oil for heat | sooner than coal.
; ’ or electricity, gas-
oline and many other
products.
Found with petrol by drilling on land Burned as a heating .
or off ,;ealcoagfs.ro eum by criing and cooling fuel and No, will run out
NATURAL for drying food prod- with petroleum.
GAS ucts and other man-
ufacturing.
Not really, be-
HYDRO- cause suitable
ELECTRIC sites are becoming
scarce.
The energy in falling water at a dammed river tums a
turbine and generates electrical energy. _
LA\\\&_ To make electricity.
NN\ [ s — Electricity is pro-
NUCLEAR The nuclei of atoms of uranium are split apart by fis- duced from the Yes, although
FUEL sion in a nuclear reactor. The heat produced boils steam driven turbine. uranium is scarce,
water to make steam and drlve a turbine. other fuels will be
used in the future.
Burned in stoves for
wOOD heat and food prep- Yes

alatlon
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Most of the energy we use today for transportation, heating, manufacturing, lighting, and
household uses involves the fuels and processes described on this chart.

ADVANTAGES

DISADVANTAGES

Still abundant especially in strip mines — Requires
relatively little refining — Less expensive to mine or

viining a dangerous occupation — Strip

Relatively easy to transport by tankers, pipelines or
surface vehicles — Conveniently stored - Until re-
cently, very abundant and relatively inexpensive to
produce.

Becoming more expensive and supplies running short - Re-
fineries often pollute water, air and land - High sulphur
content causes air pollution when burned — QOil spills at
sea damage seacoasts and endanger food chains that sup-
ply food for animals and humans — More spills inevitable.

Easily transported by pipeline -
The cleanest burning of the fos-
sil fuels

Becoming scarce
and therefore

more expensive.

A clean source of electricity
with no air pollution - The
reservoirs formed behind the
dams provide some kinds of
recreation,

The sites are often far from cities and electricity must be
transmitted over long power lines - Much energy lost as
heat from the power lines — Dams destroy the environment
of many river organisms including migrating fish - Reser-
voirs flood much land. destroy some kinds of recreation
and fill up with silt.

A small amount of fuel produces a tremendous
amount of heat energy — No gaseous or particle pollu-
tion in the air — Cost of electricity may be kept low.

Nuclear wastes are extremely dangerous and difficult to
handle and contain — Leaks of radioactive fuels or wastes
or other accidents could endanger many lives and contami-
nate land — Large amounts of water needed for cooling thus
causing heat pollution of waterways or fog in the air - The
fuels could be stolen and made into nuclear weapons.

Cwiey]

Where available it is easily obtained and prepared for
use by individuals - A major source of fuel in this
country a hundred years ago and still used in many
country homes and farms - A good back-up source of
fuel in homes.

‘.}i 2 050 %
Not available everywhere — Takes up a lot of storage space
— A rather low amount of heat available — Pollutes the air.

TH/MSS
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CHART OF ALTERNATIVE ENERGY SOURCES

ENERGY HOW IS IT PRODUCED? | O
! USE '
SOURCES
' As a substitute for petroleum from wells — A
OIL SHALE stop-gap measure to tide us over until better
sources can substitute for diminishing fossil
fuels.
Sunlight that reaches the | Individual buildings have glass collectors on
AR Earth as a result of ther- | roofs, or:large collector ‘‘power station’’ units
SOL monuclear fusion within the | could be built in deserts, or orbiting satellites
Sun can be gathered to pro- § could transmit solar generated electricity to -
duce heat and electricity. Earth.
Solar energy heats the rotat- | The wind will turn blades attached to a shaft
WIND ing Earth unevenly causing | and connected to a generator to make electric-
z— the movement of air or wind. |} ity. Power can be produced by windmills on in-
dividual buildings or a series of large windmills
on plains or seacoasts could make electricity for
whole cities or regions.
In certain areas heated steam comes near or to/
. . . the surface. It can be used to heat buildings di-\
GEO- The slow decay of radioactive rock deep within the rectly or to turn a turbine and generator to make

THERMAL | core of the Earth produces heat that turns subterra-

electricity for cities.
nean water to steam.

The joining or fusing of atomic particles to release | Nuclear fusion power plants would be located
energy about the same way that the sun works. near or in cities and produce large amounts of
NUCLEAR / electrical power by using the heat of the nuclear

¢ z/ fusion to convert water to steam.

FUSION /“%ﬂ:"
— \\\A

Large amounts of a burnable } The methane can be burned as a
gas, methane, can be pro- | cooking or heating fuel or used to
duced by the breakdown of } power a generator to make electricity
organic wastes such as man- |} in individual homes or on a larger
ure, garbage or leaves. scale. The gas can also operate vehi-
cles.

METHANE

The gaseous element hydrogen can be burned as a | It might some day replace natural gas and
fuel. Hydrogen together with oxygen form water. | gasoline as a fuel.

HYDROGEN | Therefore, one very abundant source of hydrogen is o i

water. Before the hydrogen in water can be used it y
must be separated from the oxygen by devices called
electrolyzers. The hydrogen can then be stored and
used to power vehicles or for industrial processes.




Because of high costs, environmental problems, and decreasing supplies, our present energy
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sources are gradually giving way to new sources or up-dated versions of old sources. Here are
some energy sources that may be part of your future.

Q ) RENEW =
ABLE?

ADVANTAGES

DISADVANTAGES

No

Oil shale sources large. close
together and mostly owned
by the U.S. government —
No chance of ocean oil spills.

D P
After processing. the original rock is doubled in size
and is a disposal problem — Landscape would be dras-
tically altered - Salt pollution from waste likely -

Yes

»

) - No air or water pollution or
% _ strip mining - No charge for
. ‘<3 sunlight - Buildings could be

. <. powered individually or large

collectors used.

Sunlight varies according to sea-
son. weather and location so must
be stored or a substitute source
provided — If large collectors used
they would use much land.

No air or water pollution or
strip mining — Unlimited
supply - No charge for use —
Buildings could be powered
individually.

iations in speed and frequency of wind ~
The large towers would be as unsightly
as power lines and might have other ob- 4-
jectionable effects as well (a danger to *—
migrating birds?) _
&‘.q’-w &‘-
e ~
"3 -~ o=

Not suitable everywhere because of var- 4
>
-~

An unlimited supply of heat in the Earth - No min-

ing or transport of dangerous fuels required — Al- | Some destruction of land (often scenic areas) would
ready being used in some parts of world — Pollu- | occur - Large amounts of cooling water needed - Salt

tion would be less than with fossil fuels.

pollution of surface water a problem -~ Also some air
and noise pollution from the released steam.

Yes

} An almost unlimited source of fuel, the
deuterium and tritium found in sea
— water — Would produce large amounts
) of power — Fewer environmental prob-
lems than with nuclear fission plants.

Would use large amounts of cooling water — some
heat pollution of waterways likely — Radioactivity
within plants would be high although not as much or
as dangerous as in present nuclear plants — some
leaks of radioactive tritium likely — Disposal of the
plant after no longer usable would be a problem.

Yes

A good use of materials that are often discarded to
cause pollution — An abundant supply of plant

wastes available - The gas is easily compressed for

use in vehicles - A plant fertilizer is left over after
processing — Could be most effectively used on
farms.

P PY

159<@<¥>§P°%'l|F'
.

SRR ERaRAC ST IRAES )
Probably could never
be as large a source
of power as solar,
fossil fuels or nuclear
fusion.

vvvvvv

A
Yes, as long as
there is water.

‘*%3,

stored and transported
safely.

Burns very cleanly, so might | The separation of large amounts of hydrogen and
make pollution control de-| oxygen from water requires large amounts of electric-
vices for vehicles and power | ity. Some other kind of power (fossil fuel, solar or
plants unnecessary — Can be | nuclear) would be needed in large amounts to make

the electricity to process the hydrogen to make fuel
for other uses.

JH/M3S

There are many other sources of power that we have
not discussed. See what you can find out about tidal
power, ocean thermal power, heat pumps, fuel cells,

or the fairly simple process with the long name, mag-
netohydrodynamics, MHD for short.
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Our land is more valuable than your money. It will
last forever. It will not even perish by the flames of
fire. As long as the sun shines and the waters flow,
this land will be here to give life to men and animals.
We cannot sell the lives of man and animals; there-
fore we cannot sell this land. 1t was put here for us by
the Great Spirit and we cannot sell it because it does

not belong to us. You can count your money and
burn it within the nod of a buffalo’s head, but only
the Great Spirit can count the grains of sand and the
blades of grass of these plains. As a present to you,
we will give you anything we have that you can take
with you; but the land, never.

A chief of a northern tribe of Blackfeet Indians.

SOME TOUGH DECISIONS

Your class, nature club or scout group can
do some experimental problem-solving that may
help in real-life situations. Here’s the problem:

An electric power company wants to build a
new generating plant in your town. The most
suitable land for the plant is next to the river in
an area used as a refuge by many forms of wild-
life. A school and playground are located a short
distance away, and the hospital is downwind of
the proposed site. The power company must
present its case for the site before the town
council which will make the final decision. Many
local conservationists object to the project and
are prepared to address the council with their
reasons.

e Divide your group* into three categories; the
power company officials, the conservationists
and the town council members. Decide what
kind of fuel the plant will be using (coal, oil,
nuclear). Make a map of the site area and sur-
rounding community.

e The ‘‘company officials’® group can write or
talk to a local power company to find out how
it chooses sites and how it feels about provid-
ing its services.

e The ‘‘conservationists’” can write or talk to
local conservation organizations to determine
how they protect natural areas and speak out
on environmental issues.

e The “‘town council’’ can write or talk to local
government officials to determine how they
weigh the many sides of an issue in order to
make the best decisions for the town.

e The ‘“‘company officials’ and the ‘‘conser-
vationists’’ prepare and give their arguments
before the “‘town council.”” The *‘council”
questions both groups about their arguments.
Consider the pros and cons below.

e The ““council’’ votes and tells why it made its
decision.

If this problem-solving works well, you
could try several variations. You might develop
a similar problem for a town council thirty to
fifty years into the future. The council might be
considering the siting of a huge solar collecting
complex, a series of giant windmills, a nuclear
fusion plant or a geothermal drilling area.
Energy problems will not go away in the future.

* If you have no group available, you could pre-
sent the problem and its solution in the form of a
story or a play.

PRO

1. The community needs more electrical power as
it grows.

CON

1. Alternative forms of energy and strict conser-
vation of energy might make the destruction of
this area unnecessary.

2

The new plant would provide jobs for people in
the town.

2. People need places to relax in their leisure
time.

3. The fuel that could be used at this site would
make the town's electricity less expensive.

3. The fuel would cause increased air pollution in
the town.

4. The company promises to make its plant
grounds attractive and some wildlife would
continue to live nearby.

4. The natural environment and the recreation use
of the area would be destroyed.
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Ocean Energy: Scratching the Surface

The oceans cover much of the earth. So most of
the solar energy that falls on the earth falls on water.
What happens to it —- and how can we use that energy?
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Energy

OGLAN
ENERGY:

Scratching The Surface

The oceans cover two-thirds of
the earth’s surface and receive
about two-thirds of the sunlight
striking the earth. In an energy-
short world, it would be logical to
find a way to use such a large and
powerful resource. How could
this be done? A lock at the
oceans’ characteristics provides
some ideas. They're water,
they're deep, and the currents,
waves, and tides show they have
lots of latent (stored) energy.

Maybe the first idea to come to
mind would involve the waves
and water flow. After all, water
power from rivers and streams
was one of the earliest energy
sources, used to turn grindstones
for milling grain. And water flow-
ing through large-scale dams
turns turbines to generate
electricity.

Ocean tides are actually being
harnessed this same way in
France, providing power for a city
the size of St. Paul, Minnesota.
And other projects have been pro-
posed for places where the tides
are very high. Such a project, with
multiple dams, has been on the
drawing boards since the late
1930s for the Bay of Fundy,
between Maine and Nova Scotia.

But its high cost—each dam
could cost as much as $9 billion
—has prevented action. Recently,
though, with the changing world
energy picture, the Canadian gov-
ernment has begun to study the
idea again.

Another, farther-out idea
(literally) involves anchoring
turbines at sea and using the
currents to generate electricity to
be transmitted back to shore.
Big—from 1 to 80 megawatt (MW,
million watt)—designs have been
drawn up. The plants would be
huge, and the 80 MW unit would
need a hull four-fifths the size of
the New Orleans Superdome. At
least one small unit, to charge
storage batteries in scientific and
navigational buoys, may be built
soon.

The ocean water itself is being
considered as a source for energy
fuel. Since water is composed of
hydrogen and oxygen, and there’s
so much of it, it's a natural as a
raw material to be processed into
hydrogen, which is being consid-
ered as a fuel in future energy
systems.

These “ocean energy” projects
are mostly far-in-the-future

oriented. But one project is in the
here-and-now. It's called OTEC
(not to be confused with OPEC),
which stands for Ocean Thermal
Energy Conversion. It's really a
watery kind of solar energy, since
it depends on the higher temper-
ature of the surface waters
warmed by the sun.

It may be a bit of a surprise, but
the first OTEC plant was actually
operated off the coast of Cuba in
1930 by a Frenchman named
Georges Claude. His principle
and process are still valid: The
surface temperature of tropical
water is about 29.5°C (85°F),
13°-18°C (20° to 30°F) warmer
than the deeper water beneath it.
Imagine an oval-shaped tube
going from the surface to the
depths and back up. The tube is
filled with a fluid—Claude used
ammonia—that boils or vaporizes
at the temperature of the surface
water. The vapor is used to run a
turbine, which generates elec-
tricity. The vapor is then pumped
below, where the cold water
brings it back to the liquid state. It
is then ready to make its next trip
to the surface, where the cycle
begins again.

B

-

Photo: Courtesy
Maine Dept. of
- Economic
Develop-

ment

From CURRENT ENERGY AND ECOLOGY, January 1980, copyright €) 1980 by Curriculum Innovations, Inc.
Reprinted by permission. All rights reserved.
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Claude’s OTEC system used all
the power it produced to run its
pumps. But now, 50 years later,
the first stage of an improved
system is being tested off the
coast of Hawaii. The test unit,
operated by the University of
Hawaii, is producing only 10
kilowatts (10,000 watts) more
energy than is needed to run the
pumps.

The full-scale unit is another
matter. A $50 million Department
of Energy project called OTEC-1
will generate 1 megawatt of elec-
tric power. (A nuclear power plant
generates about 500 MW.) In a
variation on the original design,
the ammonia will be cooled close
to the surface with 5.5°C (41°F)
water brought up from a depth of
2,100 feet. OTEC-1 will be located
on a converted Navy ship to be
anchored off the west coast of
the island of Hawaii. Construc-

tion and testing are scheduled to
begin this year.

Besides providing power,
OTEC may be a big boost to two
other future-oriented projects—
fish farming and mariculture
(growing crops at sea). The cold
water brought from the ocean
bottom to cool the ammonia
vapor will be loaded with small
plants, animals, and minerals.
This high-powered fertilizer could
be used with a sea-going farm
located nearby. In this way, one
project could provide both power
and food, important items in
restricted land areas with grow-
ing populations, which is the
case in Hawaii. The island nation
of Japan is interested in OTEC for
the same reason, and studies are
also under way in Europe.

Model platform which would use temperature difterences in the ocean to drive a heat engine
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As people use up more and
more of our land-based fuel re-
sources, it seems likely we will
turn to what seem now to be the
unlimited, renewable energy
sources that are the earth’s
oceans. Finding ways to effec-
tively tap that energy without
harming the environment is a

challenge for your generation.
[ 13
o

For More Information

U.S. Department of Energy

Technical Information Center

P.O. Box 62

Oak Ridge, TN 37830
Pamphlets: NSTA Fact Sheet #6 “Solar Sea
Power; Ocean Thermal Energy Conversion,”
#OPA-007 (11-77) “Ocean Thermal Energy
Conversion,” #F-78013 Fact Sheet: “Ocean
Thermal Energy Conversion (OTEC),” “Ocean
Energy Fact Sheet” presents information on
OTEC as well as energy from wave power and
ocean currents; single copy of each free.
Booklet: “Ocean System Program Survey,” $3
single copy.

Edison Electric Institute

1111 19th Street

Washington, DC 20036
Booklet: “Emerging Energy Technologies;
Energy Research, Answers to Your Questions,”
single copy free.
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Mighty Methane

Living bodies use a lot of energy, but a lot of
energy goes right through them. What can you do with
what's left? Would you believe -- heat your house and
drive your car?
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Alexander Calder, the artist
that created this wire sculp-
ture, has a fine appreciation
for cows -- and for manure
as well.

Mighty Methane

Some people say that we may be just the
burp of a cow away from solving our energy
problems. That may sound like a joke. but it is
at least partly based on fact. When a cow burps.
methane gas is released into the atmosphere.
Scientists estimate that cattle and other large
plant-eating creatures release about 45 million
tons of this colorless. odorless gas into the at-
mosphere each year. Also called marsh gas be-
cause it is a by-product of the decaying plant tis-
sues in wetlands. methane is an excellent fuel.
Pure methane gas has a heat value of about 1000
British Thermal Units (Btu) per cubic foot —
and five cubic feet of methane provides enough
heat energy to boil a half gallon of water and
keep it bubbling for 20 minutes.

While no one goes around collecting. cow
burps, people have used methane for fuel on a
limited basis for a long time. One way they ob-
tain methane is from manure. which contains
rotting vegetable matter.

Using manure to produce fuel may seem
odd. but it is a very sound idea. endorsed by
many well-known scientists. A century ago.
Louis Pasteur, the French chemist who among
other important discoveries developed a vaccine
for rabies, called for production of methane from
manure. Facing a fuel shortage in World War 11,
German researchers developed methane plants
in farming areas to make fuel for tractors from
manure. Today manure is used in some parts of
Europe to produce methane: and the by-product

is a fertilizer for enriching the soil.

India has used the manure itself, not the gas
methane. for fuel — cows in that country pro-
duce more than 800 million tons of manure an-
nually — for heat and light. Half of the manure
produced by India’s cows is burned by people
for fuel. This can be wasteful. however. for once
burned the manure is useless as fertilizer. How-
ever. when methane is made from manure. fer-
tilizer is left over as a bonus.

During the 1950s Indian scientists began
using methane gas. produced from manure. to
heat and light homes on a small scale. Today
more than 2.500 digester plants produce methane
from organic wastes in India.

Methane is produced by the use of a device
called a digester. A digester is an air-tight con-
tainer in which the natural processes that result
in methane production are copied and speeded
up considerably. In the absence of air, bacteria
are fed a mixture of waste and water called
slurry which contains large amounts of nitrogen -
and carbon. The bacteria act on the slurry and
produce methane. carbon dioxide and some hy-
drogen sulfide gas. The gases rise”within the di-
gester and are collected in a drum for storage or
for immediate use. The liquid slurry that remains
is drained off for fertilizer.

Indian researchers have tested several dif-
ferent kinds of manure in digesters. Manure
from horses and pigs produces more methane

‘than cow manure. and chicken manure makes

less. The best methane production occurs when
dry vegetable matter such as leaves. are proces-

Reprinted from the March 1975 issue with permission of THE CURIOUS NATURALIST, copyright © 1974.
Ilustrations reprinted with permission of the Boston Museum of Fine Arts. All rights reserved.
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sed in the digester.

Animal waste materials rarely are used to
produce methane in the United States. where
disposal of these wastes is one of the worst of all
ecological problems. However, a few sewage
treatment plants in California are using methane
made from sewage to power their own
generators.

Unfortunately, manure is rarely used for
methane where it could be processed most effi-
ciently — on the farm. Not only could the gas be
used to fuel farm equipment, but the manufac-
ture of methane also would produce fertilizer,
saving the farmer expense in both areas.

Two farmers in Benson, Vermont, are try-
ing to pioneer the use of digesters to make
methane for the farm. Ralph Hurd and his
nephew, James Whitehurst. have built a digester
on their 300-acre dairy farm. Their digester,
which was built with the help of an expert from
India. holds 3000 gallons of waste and can pro-
duce 200 cubic feet of mixed methane and car-
bon dioxide daily. This gas mixture is equal to
about as much energy as in one gallon of
gasoline. Built for a cost of $800, the digester on
the Vermont farm can handle the manure of only
four cows a day. Why don’t Mr. Whitehurst and
Mr. Hurd build a larger digester? The problem is
cost. They would need a digester with a
65,000-gallon capacity to handle the manure
from their herd of 100 cows. Thus far the two
farmers say they cannot find a bank to lend them
the money to build the device, although they be-

lieve it would cut a farmer’s costs so much he

could pay off the cost of a large digester in a few
years. Many scientists and engineers question
whether the digester plan is as good as it looks,
and the Vermont farmers have not been able to
find institutions willing to pay the costs of build-
ing a larger digester.

When cattle are confined to feed lots rather than
to large pastures, their wastes become a prob-
lem. Imagine how much fuel for light, heat,
machinery, and transportation this feed lot could
produce.

Digesters work in other countries, say
Whitehurst and Hurd, why can’t they work in
the United States?

If they could, the ecological benefits might
be considerable. Farmers often dispose of their
manure by spreading it on their fields to decom-
pose and gradually fertilize their crop. If the
manure washes into streams before it decom-
poses it can pollute the water. Using liquid
slurry as fertilizer would lessen that problem,
because the liquid quickly soaks into the soil and
goes right to work to nourish the crop. Commer-
cial fertilizer, which could be largely replaced
with slurry, is a product of petroleum, and so is
in short supply. Moreover, a farmer’s petroleum
demand could be cut further if he converted his
farm equipment to run on methane instead of
gasoline.

So far, however, there is little sign that mak-
ing methane from manure will be conducted on a
large scale in the United States. Should the Un-
ited States move ahead in this area? What do
you think? E.R.R.

AN[IMAL WASTEDS

VEGETABLE

HOT WATER
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Realrawn fomy The Conservalionist N.Y., 4-5 1974 .
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Solar Jobs With Sunny Futures

Find out about some of the jobs for technicians
and tradespeople that new energy technologies are
already creating.
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S a power-short nation looks to

the sun for a major source of its
energy, prospects for a sound, steady
—not to mention lucrative—career are
becoming shiny bright.

_Already hundreds of small, medium-
size and large firms are creating the
hardware—photovoltaic cells, solar
collectors, reflectors, valves, heat-
storage units and other components.
And already hundreds of thousands
are working in the field.

Openings are expected to skyrocket,
too, reports the Solar Energy Institute
in Washington. In just five years, the
Institute forecasts that fully 3,000,000
persons will be collecting paychecks
in the industry, some upwards of
$40,000 a year. Professionals, yes, but
many good-paying jobs require only
one to two years of training.

In general, jobs in the solar field
simmer down to five main categories:
salesman, designer, installer, electri-
cian and service technician.

A salesman must understand all solar
heating and coolihg systems, includ-
ing domestic hot-water applications.
He must also know about conventional
heating, ventilating and cooling meth-
ods and how solar technology can be
used with them.

A salesman explains the details of the
finished system and answers all ques-
tions on maintenance operations. In
addition, he must know how to esti-
mate installation costs, anticipated
savings and how long it might take to
earn back the investment. Knowledge
of local, state and federal solar incen-
tive programs for tax credits and an
understanding of local building codes
and insurance laws are also essential.

The expert who selects the system
that will work best in a big building,
plant or even a small home is the solar
designer. Theré are dozens of dif-
ferent solar heating and cooling meth-
ods already in existence, and more
are being developed all the time. The
designer works with these, changing
and adapting as he sees fit, often com-
bining the best parts of several sys-
tems.

In making his selection, he must
study the amount of annual sunshine

Reprinted from the March 1980 issue of MECHANIX ILLUSTRATED magazine,

Publications, Inc. All rights reserved.

Solar
Jobs

With
Sunny
Futures

By Lester David

FOR MORE INFORMATION . . .

Training for a career in solar energy is now
being offered in schools and colleges all across
the country.

For a free 36-page directory of courses that
equip you for practical technical work in the
field, write to:

The National Solar Heating and
Cooling Information Center
P.O. Box 1607
Rockville; Md. 20850

OR
The Solar Energy Research Institute
1617 Cole Bivd.
Golden, Colo. 80401

Onée- and two-year programs and courses

offered in community and junior colleges and .

technical and vocational schools are listed
alphabetically by state.

A more extensive 279-page directory aimed
at those who want to equip themselves for
advanced scientific and engineering jobs is
available from:

Thé Superintendent of Documents
U.S. Government Printing Office
Washington, D.C. 20402

The National Solar Education Directory costs
$4.75 and includes every course, program and
curriculum offered by all post-secondary
schools in the country.

in a particular region, the architecture
of the building, its heating and load
requirements and a number of other
key factors. Then he lays out all de-
tails, preparing drawings and charts
that describe everything needed to
make the system work efficiently.
Everything must be set down clearly
so that installers, electricians and main-
tenance men can follow up.

A designer must also make sure
buildings can withstand the extra
stress placed upon them by solar col-
lectors and the supporting structures
that must be added. Sometimes, a sys-
tems designer also is an architect with
special solar training who designs an
entire structure.

The installer mounts the collectors
that trap the sun’s warmth and at-
taches all the necessary hardware. He
must understand not only how the sys-
tem on which he’s working operates
but local building codes and the spe-
cial complexities of solar hardware
and plumbing. He also must know if
the collectors and necessary support
structures will stand up to the wind,
hail, snow and rain of a local climate.
He tests the collectors for leakage,
knows all about storage systems, con-
tainers and tanks, reads designer blue-
prints to connect pipes and air ducts
and puts into place the hardware that
affects the operation of the system.
Finally, he must also be trained to
connect the solar system with a stan-
dard backup heating unit.

A solar electrician installs the solar
controls. While detailed knowledge of
how the system operates isn’t needed,
he must be able to follow blueprints
and other specs that tell him how to
install the wiring that provides power
to the main control unit and hook up
key mechanisms. Solar electricians
work almost exclusively on large sys-
tems in commercial and industrial
buildings. They’re not required in
residential installations because in
small systems there’s no need to con-
nect wiring to the main service box or
to work directly with the 110-volt lines.

Solar systems, like cars, must be
serviced on a regular basis to function

(Continued on page 111)

copyright € 1980 by CBS



well. And like cars, they develop bugs
that must be spotted and eliminated.
The service and maintenance techni-
cian must keep pumps, motors, blow-
ers and other components working
smoothly by following a maintenance
schedule laid out by the system design-
er. He must also be an ace trouble-
shooter who can locate problems.

In addition to these, more ar.d more
highly trained professionals will be
needed in research and development
as the industry continues to expand.

These scientists and engineers will
be working not only on systems for
small homes and large buildings but
in the vast solar utility plants that,
experts forecast, will supply sun power
for entire cities.

Pay varies widely, depending on the
job, company, experience and loca-
tion. Installers earn between $5 and $8
an hour in smaller companies but can
get up to a hefty $20 hourly in larger
firms. Solar electricians make about
$17 an hour, sometimes more, while
designers earn $25,000 and up. Service
and maintenance technicians earn
about the same as skilled technical
workers in other fields, namely hourly
rates that bring annual income into
and above the $15,000 range. Helpers
who assist technicians while they are
learning their craft generally make
about $5 an hour.

Naturally, pros earn the most. Be-
ginning salaries for R&D specialists
with masters degrees in chemistry or
engineering range between $20,000
and $30,000. Earnings, including com-
missions, for top sales personnel can
hit $22,000 annually and up.@
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Solar Energy: Classroom Reality

Demonstrating solar energy doesn't have to be
expensive or complicated. You can start with card-
board and move up to plywood. Students will enjoy
seeing what works.



Solar
Energy:
Classroom
Reality

Thomas Geier——
James R. Wailes

olar projects described in various
magazines and books sound
impressive, but you may have
wondered about a full-sized;, working
solar apparatus in your classroom. Is the
project too expensive? Is it beyond the
students’ understanding and capabili-
ties? For anyone with a budget-minded
principal and a few simple carpentry
tools, this article describes a solar heat-
ing system that works, and is practical
and inexpensive.

Burke School's sixth graders enthu-
siastically accepted the challenge of the
energy crunch by agreeing to build solar
collectors to supply heat to their class-
room. The girls and boys went to work
with hammers, saws, and metric mea-
sures, soon becoming carpenters and
A sixth-grade girl (above) uses a hand drill in building a engineers, making suggestion.s and
solar collector. Students later assemble the collectors, Changeb‘, and furnmg mistakes into an
which are placed on the edge of the playground. Wire glass unforgel:table learning experience.
was used for safety reasons. The finished system (below The class first constructed a card-
:;ﬁlst)mz}::ws how the collectors were hooked up to the board prototype to test the project’s

' design feasibility. A small group was
selected to build the prototype. A clear

Thomas Geier is a Teacher at Burke Elementary School,
Boulder, Colorado. James R. Wailes is Professor of
Science Education, University of Colorado, Boulder.
Photographs by Thomas Geier.

Reproduced with permission from SCIENCE AND CHILDREN, September 1979. Copyright © 1979 by the
National Science Teachers Association, 1742 Connecticut Avenue, N.W., Washington, D.C. 20009. All rights
reserved.



plastic sheet was used in the mock-up.
The original temperature was 12 °C
when the apparatus was placed in the
sun. Ten minutes later the temperature
had soared to 50 °C. The class was con-
vinced the system would work. They
used the model to explain the purpose of
the classroom activity to the principal
and the maintenance department.

More detailed plans were formulated.
A list of materials was prepared. (All
materials had to be bought in standard
feet and inches, but the students did all
their work in metric units.)

4 sheets of 2-inch plywood, 4 x 8 feet

8 sheets of Y2-inch foam insulation,

2 x 4 feet

4 pieces of sheet metal, 1 x 3" feet

50 feet of flexible plastic construction

tubing, 4-inch diameter

4 sheets of wire glass, 24 x 41 inches

1 tube of silicon rubber caulking

1 roll of furnace tape

1 bottle of wood glue

2 pounds of finishing nails

1 gallon of flat black paint

The total cost of materials, exclusive
of the plywood panels which were
donated, was 5174. If the solar collectors
can be put where there is no safety factor
involved, much money can be saved by
substituting plate glass for wire glass.
Thermopane glass works best, but is
expensive. Tools we needed for the proj-
ect included: saws (jig, crosscut, circular,
and coping), hammers, metric tape mea-
sures, brace and bit, wood files, carpen-
ter's square, and clamps.

We divided the class into four groups,
each of which would be responsible for
working on one collector. Each group
had an unofficial leader who helped
members get started. The teacher’s role
was more that of project supervisor,
giving suggestions, checking measure-
ments, and doing tasks (such as using
the power saw) that may have had some
risk. Many students gave up recess time
to work on their collectors.

Students were required to follow
directions carefully and make all mea-
surements precise. Each collector was
91.5 cm tall and 62.5 cm wide. Each tri-
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Mary Villarejo

Sheet metal

Wire glass

Diagram of one of the solar collectors.

angular side was 71 cm at the base, 91.5
cm at the back, and 116 cm on the
hypotenuse. Measurements allowed for
a 53° angle for the collector's surface.
This angle was determined to be the best
for the latitude of 40° N.* The corners
were nailed as well as glued for maxi-
mum strength, since the collectors had
to be portable. Wire glass was used on
the collecting surface since the collectors
were designed to sit on the edge of the
playground.

Students lined the inside of each col-
lector with foam and painted it flat black
for maximum heat absorption. (See
diagram.) Sheet metal was also painted
flat black and nailed near the inside top
and bottom to act as a heatabsorber and
radiator for the air flowing through the
flexible pipe into the classroom. The
sheet metal touches the inside of the
collector only at the top and bottom so
that air can flow freely around it. The
flexible tubing connected each of the
four collectors together, and led into the
building, The flexible pipe was insulated
with plastic foam packing material, re-
cycled from a shipment the school had
*For other latitudes, contact a local solar
equipment supply company.

received. Furnace tape sealed the joints
and prevented air leaks, and the caulk-
ing compound sealed the units to make
them airtight.

Moving the heated air from the col-
lectors into the classroom was a chal-
lenge the students faced by constructing
a rectangular box to fit over the wall
heating unit which blew air into the
classroom. The flexible pipe was fitted
into the box, and the blower then forced
the air outside and into the collectors
and then back into the classroom
through a window fitted with an access
for the pipe coming from the collectors.

Since the collectors sit on the ground
they are easy to examine and available
to future classes. Students did not
attempt to design a heat storage system
because of the money and space prob-
lems. On sunny days the collectors
reached temperatures as high as 70 °C.
With this much free heat, the class eyed
the cold hallway just outside the lunch-
room.

At the start, the teacher had mis-
givings about the project working at all.
However, the children were not sur-
prised that everything went according
to plan and the infrared rays of the sun
helped to heat their classroom.
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Solar Homes: the Shape of
Things to Come

Every student dreams of his own private place --
so let him design his own (solar) home and, in the
process, learn the basics of solar design and energy
conservation.
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Selar hemes:
the shape of
things fe come?

To design a solar house you
need to know about solar ener-
gy- It also helps, students
found, to know about geology,
architecture, landscaping, and
interior decorating. Their suc-
cesses are outlined here.

Patricia A. Kovacs is an earth science
teacher at Madison Junior High School,
Trumbull, Connecticut. She is presently on
leave, on duty as a lieutenant corporal in
the U.S. Marine Corps. (Address: Madison
Junior High School, Trumbull, CT 06810.)

William W. Rasor is a science cducation
and biology professor at Western
Connecticut State College, Danbury.
(Address: Western Connecticut State
College, Danbury, CT 06810.)

Patricia A. Kovacs and
William W. Rasor

etting the sunshinein . . . orkeeping
hit out . . . became the preoccupation
of students in five ninth-grade earth sci-
ence classes at Madison Junior High
School (Trumbull, Conn.). The students,
who spent two months designing and
building model solar homes, discovered
the enormous amount of science on which
solar technology depends, and became
involved as well in English, art, and social
studies.

We initiated the project by construct-
ing a large bulletin board, illustrating in
seven major sections numerous consid-
erations about constructing solar houses.
Among the seven sections were included
our aim (to design efficient solar homes)
and numerous inquiry questions relating
to materials, orientation, insulation, sea-
sonal effects, and so on. We discussed the
necessity of collecting specific types of in-
formation in a methodical fashion, but
youngsters were then free to select their
own approach to the project.

Students in each class were divided
into four major groups, and then grouped
further into two’s and three’s. The stu-
dents were already used to working in
groups, so they knew the give-and-take
necessary in sharing ideas, making deci-
sions, and so on.

Library research was our first task,
with all important information being pre-
sented to the entire class. But students
soon decided that field studies would be
needed to better understand the sun.

Our first field trip was to the local
planetarium, where students learned
about Earth’s movement around the sun.
Students then used an astrolabe! to de-
termine the sun’s altitude, and measured
the shadow cast by a stick-—just as was
done by ancient peoples. Some also con-
structed geometric sundials.?

Using information on the sun’s daily
positions during the year at Trumbull,
students could then construct diagrams
and charts to help determine such things
as home orientation, window placement,
and the necessity for overhangs.

Choosing a building site led im-
mediately to more “earthy’’ topics. What
land is available? What land formations
and soil types are desirable for home
—'SF'_!\"Ieasuring with a Quadrant” by Jon K.
Wooley, The Science Teacher, March 1978,

* See “We Made It and It Works! The Classroom
Construction of Sundials” by M. Stoessel Wahl, The
Arithmetic Teacher, April 1970.
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Figure 1. Even miniature light sockets and
small electric motors were installed in the
houses.

sites? What ordinances govern cite loca-
tion? How would utilities be supplied and
at what cost?

Students visited and collected infor-
mation in areas where construction wasin
progress. They learned much about soils,
and did percolation tests on samples col-
lected during the field trip. They also in-
vited outside experts—from civic leaders
to contractors—to advise them on proper
site selection.

Next, they settled down to the busi-
ness of designing their homes. Solar
buildings can be “active” or “passive’’ or
a combination of the two. In so-called ac-
tive houses, energy is collected by a sys-
tem of solar collectors, typically placed on
the roof. Fans and pumps then move
heated air or liquid from the collector to a
storage area, from which it can be circu-
lated when needed—for example at night
or on cloudy days. In the passive system,
there is no circulation to storage; such
homes store energy right where sunlight
impinges; thus they are designed to
shield the structure from summer sun but
to capture warmth in the winter.

Architectural considerations included
construction materials (for example,
frame vs. brick), roof angle, placement of
solar panels, placement of windows, rela-
tive advantages of single, double, and
triple-paned windows, and various types
of insulation.

Room placement and furnishings
came next in importance. Where, for
example, are the best locations for the
kitchen, living room, and bedrooms?
Where would insulated drapes be most ef-

Copyright © 1978 by the National Science Teachers Association. Reprinted from the April 1978 issue of THE
SCIENCE TEACHER with permission of the National Science Teachers Association, Patricia A. Kovacs and

William W. Rasor. All rights reserved.



“/Choosing a building site led
immediately to more ‘earthy’
topics. What land formations
and soil types are desirable
for home placement? What
ordinances govern site

location?”’

fective? How about different kinds of
flooring? Decorating became an area of
keen interest. What are the psychological
effects of different colors and materials?

Landscaping, 0o, was given careful
thought, for proper placement of trees and
shrubs can do much to provide shade in
summer and break prevailing winds in
winter.

Once students had arrived at a design,
they were ready to formulate their blue-
prints. A good starting point was to let
students make measurements at home
and in class of room dimensions, win-
dows, and door sizes, and translate these
into scaled blueprints. Students also en-
joyed looking at professionally-made

Figure 2. The winning home featured a
broad sloping roof on its front (top photo}
for the placement of solar collectors, and a
large area of convex windows. The back of
the house (bottom) had a protective

overhang.

blueprints, readily available from various
magazines.

We assumed the total floor area of an
average home to be about 200 m2. In mak-
ing blueprints we let each centimeter rep-
resent 1 meter. In determining proper re-
lationships between length, width, and
height, we found builders and contractors
to bc most helpful.

All of the accumulated information on
site location, interior design, and so on
was available to guide students in draw-
ing their blueprints. In designing exterior
features (including roof, windows, ar-
chitectural projections, and so on), the
students had to consider the sun’s altitude
throughout the year.

To build their model homes, students
used a variety of scrap materials. Basi-
cally, the houses were made of cardboard,
with sides either pinned or glued to-
gether. Windows were made from clear or
tinted plastic, and interior walls deco-
rated with wall paper, construction paper,
or water paint.

Features such as rain gutters and air
circulation ducts were made from soda
straws. Even miniature light sockets and
small six-volt electric motors (constructed
by the students) were installed in the
houses. And thermal air circulators were
simulated with brass paper fasteners.

Students then developed criteria to
use in judging the solar homes, based on
goals identified at the beginning of the
project. These included: site location (as
described by the student), demonstration
of basic scientific information, exterior
and interior design and decoration, calcu-
lated energy savings, landscaping, and
overall aesthetic appearance.

The winning model home (see Figure
2), for example, featured:

® A broad sloping roof on the front (fac-
ing south)—both to prevent snow ac-
cumulation and for the placement of solar
panels.

® A large area of convex windows fac-
ing south.

® A vertical metal plate (containing
numerous 15-cm holes) along the roof to
block the sun’s rays, reduce the Bernoulli
effect of wind on the roof, and provide
places for many small wind-driven
generators.

® The back of the house (facing north)
had a large protective overhang.

The culminating activity for all classes
was to plan a solar village composed of
four neighborhoods, with homes de-
signed and situated so that each could
capture the maximum amount of sun
energy. ]
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Solar Stoves Teach Energy Awareness

Eating is close to students' hearts and a solar
collector that cooks real food will give them food for
thought. The article includes designs for two solar
cookers.
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Solar Stoves Teach

Energy Awareness

Details about how
even junior high
students can build
their own solar stove

By Debra Korhone Kildahl

Take a piece of sheet metal . . . bend it and
nail it to two parabolic shaped pieces of
plywood . . . glue special non-wrinkling
reflective sheeting to the metal . . . add a
spit and, except for a hot dog to cook, your
solar stove is ready to go. Sclar stoves may
be the technology of the future for most of
us, but for students at the United States
Air Force dependent’s middle school at
RAF Upper Heyford in Oxfordshire, En-
gland, they are cooking today’s lunches.

The solar stoves were built by 8th-grade
students with the help of industrial arts
teacher Carl Gross. The inspiration for the
stoves came from a five-day power and
energy workshop (sponsored by Depart-
ment of Defense Schools Europe) which
Carl attended in Wiesbaden, Germany, in
March, 1978. At the conference, Carl was
introduced to the basic plans for construct-
ing and designing a solar stove.

The main objective behind the stove
project was to make students aware of
alternative energy sources like solar ener-
gy. Carl comments that the solar stove is a
“device that demonstrates to students how
solar energy can be captured and utilized.”
That the stoves can actually be used for
cooking lends special appeal to the project.
Sizzling hot dogs, chicken, or hamburgers
(in foil) provide tangible and tasty proof of
the existence and power of solar energy.

Solar stoves not only harness sun power,
but they capture a student’s curiosity and
interest as well. Carl’s students questioned
him about his week’s absence when he
returned from the workshop. After hearing
his enthusiastic descriptions and seeing the
plans for the solar stoves, they were eager
to construct their own. With class time
taken up by another project, Carl opened
up the industrial arts shop for solar stove
building during lunch time for those stu-
dents who were interested. Originally 15

Students enjoy fruits of their labor, or rather, the hot dogs of their labor.

students chose to become involved, al-
though many more later joined in.

The industrial arts skiils and techniques
used in building a solar stove are basic ones.
No special or complicated procedures are
required. Under Carl’s direction and by
following plans similar to those given here,
students were able to build the stoves in
three to four hours.

Introduction

Most solar stoves are mirrors shaped like
a parabola. (A parabola is the theoretical
curve taken by an object thrown in a gravi-
tational field). A parabola is used because

of its ability to focus sunlight accurately.
(See Figure 1.) If enough sunlight is
caught, this concentration of light energy
focused on a small area will produce heat of
a sufficient intensity to cook food. (Carl’s
students measured the focal temperature of
their large stove at 190°F).

A trough-shaped solar stove will concen-
trate heat on a band along its entire length,
creating perfect conditions for cooking
with a spit. (Figure 2.) A bowl-shaped
stove (Figure 3) would produce more
intense heat, but it is harder to construct
and the smaller spot of concentrated ener-
gy makes it less suitable for cooking.

Reprinted from the May/June 1979 issue of INDUSTRIAL EDUCATION magazine with permission of the

publisher.
Connecticut 06901. All rights reserved.

Copyright © 1979 by Macmillan Professional Magazines, Inc., 77 Bedford Street, Stamford,
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PARALLEL RAYS OF LIGHT

FOCUS

PARABOLA

N/

FIGURE 1

FIGURE 3

BOWL STYLE STOVE

FIGURE 2

A. PARABOLIC PLYWOOD SIDES
B. SHEET METAL TO FORM TROUGH

C. CHROME METALIZED POLYESTER SHEETING
GLUED TO SHEET METAL

D. STRAIGHTENED COAT HANGER SPIT
E. COAT HANGER BENT TO FORM SPIT HANDLE
F. HEAT BAND

TROUGH STYLE
STOVE

The reflective surface on the inside of
the trough must be smooth and mirror-like.
A sheet of chrome metalized polyester is
excellent for this purpose. Aluminum foil
may be substituted, but only in southern
areas where the sun is more direct. Ex-
treme care must be taken to avoid creating
wrinkles when gluing the foil to the sheet
metal. Wrinkles cause erratic reflection of
the sun and will reduce the stove’s efficien-
cy. Results will be less satisfactory when
foil is used in place of the chrome metal-
ized polyester.

Materials for stove
The materials listed below will produce a
large stove. Vary dimensions proportional-
ly to produce a smaller stove. Try to utilize
recycled materials, where possible, in sup-
port of the energy theme.
1 125 ¢cm x 125 cm sheet of paper or
cardboard.
2 125 mm or 200 mm thick x 125
cm x 125 cm plywood.

1 61 cm x 150 cm sheet metal, 24 or
26 gauge.

14 wood screws R.H. #6, 2.5 cm
long.

1 60 ¢cm x 150 c¢cm sheet chrome

metalized polyester (available in

rolls from art supply companies).
To begin making the stove, follow the direc-
tions below to make a parabolic pattern to
be used in cutting out the plywood sides.

Drawing the pattern
Place a large sheet of heavy paper or
cardboard 125 cm x 125 cm on an old table

or workbench. Secure the sheet with tape.

Using a carpenter’s square (Figure 4)
draw a line down the center of the paper,
perpendicular to one edge.

Select the focal length of the parabola.
This is the point where light will be
concentrated when the reflector is built.
An 8 cm focal length is suitable for hot dog
cooking. (A longer focal length would be
required for larger foods, like chicken, to
keep them from touching the back of the
stove.)

Measure the focal length from bottom
edge and drive a small nail at point F (see
Figure 5).

The parabola will be drawn by making a
great number of tangents to the curve (Fig-
ure 6). There are two rules for drawing a
parabolic tangent: (1) Keep one side of the
carpenter’s square firmly against the small
nail at point F; (2) Keep the apex of the
carpenter’s square flush with the back edge
at all times.

Continue moving the square, being sure
to always check (1) and (2) before drawing
the tangent. Create as many tangents as
possible with a fine, hard pencil.

Flip the square around and draw tan-
gents on the opposite side of the sheet of
paper or cardboard. Eventually, one will
have a neat, accurate parabola (Figure 7).

Cut along the curve with a sharp knife or
scissors and separate the two pieces (Figure
8). Use the template with the focal point F
marked on it to trace the parabolic curve in
the next step below. Note: The remaining
pattern piece (without the marked focal
point) may be used to create a second

trough style stove to be used with a free-
standing spit (Figure 9). This type of stove
can be used most effectively in southern
areas with a more direct sun angle.

Constructing the stove

1. Trace the pattern made above on to
one sheet of 125 ¢cm x 125 cm plywood,
marking the focal point on the wood.

2. Nail the two pieces of plywood togeth-
er. (Three nails are sufficient.)

3. Accurately cut along the curve line
with a band saw or power saber saw.
(Accuracy in cutting will insure an effi-
cient stove.)

4. Drill a hole the diameter of a coat
hanger at the focal point F (Figure 8).

5. Separate plywood sheets. Punch seven
holes in each side of 61 cm x 150 cm piece
of sheet metal and attach to the curved
plywood sides with wood screws to form a
trough.

6. Glue 60 cm x 150 cm sheet chrome
metalized polyester to the inside of curved
sheet metal trough with contact cement.

7. Straighten a coat hanger to use as a
spit. Bend at one end to make a handle
(Figure 2). Insert the coat hanger into
drilled focal point holes.

Using the stove

The trough opening must be aimed
directly at the sun. (A simple aiming device
may be made to aid in tracking the sun’s
position.) To avoid dripping, foil may be
wrapped around cooking foods. But seeing
food sizzle and spit is part of the fun!
Grease may be wiped off of the sheeting.
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Adaptations

Let your students’ imaginations go to
work. How could heat be trapped to create
an oven effect? (Carl’s students came up
with a clear plastic cover placed over the
trough opening.) Could a portable, collaps-
ible stove be made for camping? (Except to
make a very small stove, probably not,
because a folding model would create wrin-
kles in the reflective sheeting. However,
you might come up with an answer.)

Move the project from the school shop to
the home or club workshop. For a simpler,
though less durable, version use tri-wall
cardboard instead of plywood and thin,
flexible cardboard in place of the sheet
metal. Use paper tape over masking tape in
place of wood screws for assembly of the
stove.

ot = ; %&

Carl Gross checks student’s drawing of the parabolic pattern.

The solar stove project was only a begin-
ning at the Upper Heyford middle school.
It served as an energy appetizer. The
students’ administration’s enthusiasm was
stirred to the point where a full “menu” is
now being offered at the school in the form
of an 18-week energy and industrial arts
class which Carl Gross is teaching.

The solar stove ties together several
disciplines: science, math, industrial arts,
and even nutrition. But more important, it
creates energy awareness among young
people who will soon confront the problems
of a world suffering from depleted tradi-
tional energy reserves. ®

Ms. Kildahl is assigned to the Air Force
Public Information Office at Upper Hey-
JSord, Oxfordshire, England.
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Door cut in plywood at right makes it easier to spear and remove food.

402



403

‘Making a Sundial

Designing a sundial helps students to focus on the
orientation of the sun to their location. The activity
also gives lots of room for creativity.




THE SUN CLOCK began life as an
important scientific tool 3,500
years ago in Egypt. The sundial as
we know it was developed in the
early Christian era, but now it is
obsolete as a timepiece and rarely
seen. Still it is an easy and practical
way to brighten your garden. In
today’s split-second age there is
something satisfying about glancing
up from weeding the vegetable patch
and noting on your homemade solar
clock that it is about half-past ten
and time for a coffee break.
Making a sundial is easy. It has
only two parts, the style (also known
as the gnomon), which casts the
shadow, and the clock face, which
has the time markings. With a little
care you can produce a curio that
will tell time reasonably accurately,
within ten minutes, all year long.

The Style

Make the style from a piece of sheet
metal thick enough to resist bending
by curious little hands, yet flexible
enough to permit bending to form
the base that attaches to the clock
face. I used a piece of aluminum
sheet '/1s inch thick with good
results,

The important things to re-
member about the style are: First,
the shadow-line edge should be at 45
degrees to the clock face in the
north-south direction and at 90
degrees to the clock face in the
east-west direction (see Figure 1).
Ideally, the north-south shadow-line
edge should always be at a right
angle to the sun at noon, standard
time. Thus, its angle to Earth should
vary slightly every day as our “tilted”
Earth meves around the sun. Also,
this angle varies depending on where
you are gn the globe in relation to
the equator. For our purposes, 45

Ficure 1
Making the style

DRAWINGS BY MARGOT APRLE

affachinﬁ- \‘«l -

Making a
Sundial
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Ficure 2
Laying out the clock face

degrees is a good compromise angle
for any location in the continental
United States. If yoy Jjve in Alaska
the angle should be 60 degrees.

Second, the shadow-line cast by
the style should be thin enough to
make a readable line, yet ¢he edge
should be sturdy enogugh to resist
bending by wind and the weather. |
made mine % inch wide (see Figure
1) and got good results,

‘will

The Clock Face

The clock face can be any flat
surface. | used two square pieces of
% inch exterior-grade plywood glued
together to make one solid piece
1% inches thick and 14 inches on a
side. The double thickness made for
a sturdy face that had enough weight
to set firmly on the stand even in
windy weather. You can just as
easily make it round or any shape
that strikes your fancy. A friend
made one using a slice from a maple
log he was cutting up for firewood.

The important things about the
face are the spacing of the time
marks and their orientation to the
sun.

Start by laying out two lines at
right angles, crossing where the
45-degree shadow-line edge of the
style will meet the clock face when
the style is installed. These two lines
be your north-south and
east-west orientation lines.

Now divide the space between
east, north, and west into wedge-
shaped segments using the angle
measurements shown in Figure 2.

Reprinted by permission from BLAIR & KETCHUM'S COUNTRY JOURNAL. Copyright©March 1980 Country
Journal Publishing Co., Inc. All rights reserved.
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FiGure 3
Aligning the face and style

The line dividing each segment will
stand for an hour. Divide the space
between each pair of hour lines in
half, and you have the half-hour

lines. A simple protractor will be |

accurate enough to establish the
degree angles at the “point” of each
segment. To set your solar clock for
daylight saving time (Figure 2), label
the line pointing west “7”, the next
hour line “8”, and so forth. The 1
P.M. line will also be the north
indicating line. The 7 p.M. line will
coincide with the east indicator.

For standard time (Figure 3), start
with 6 on the west line. Noon will be
on the north line and east will be 6
P.M.

A good way to have a clock that is
good all year is to paint standard-
time markings on one side and
daylight-saving-time markings on
the other. When the time to set the
clock forward or back arrives, you
simply remove the style, flip the
clock face over, replace the style,
and realign the face with the sun.

Setting up Your Solar Clock

After the clock-face markings are
painted on and dry, you are almost
finished.

Attach the style as shown in
Figure 2. The 45-degree shadow-line
edge should slope down toward and
meet the clock face exactly where
the east-west and north-south lines
intersect. The rest of the style should
be perpendicular to the face along
the north line.

Now set the clock face on a
suitable base in a sunny spot. [ used
an old bird-bath pedestal. Anything
that provides steady support will do.
Level the face in all directions using
a carpenter’s level or a pan of water.

The next step requires a little
preliminary explanation. The sun is
always due south at midday (noon,

standard time or 1 P.M., daylight
saving time) if you live precisely on
the eastern edge of a time zone, any
time zone. If you live on the western
edge of a time zone, midday by the
sun comes at 11 A.M., standard time
(noon, daylight saving time). If you
live in the middle of a time zone it
comes at 11:30 a.M.

Now, back to our sundial. To
obtain the most accurate reading,
set your sun clock at midday, sun
time. Here is what to do.

If you live in the eastern quarter of
a time zone, Boston, Chicago, or
Spokane, for example, at the stroke
of noon standard time (1 p.M.
daylight saving) on a sunny day,
rotate the sundial on its base so the
style shadow-line indicates 12
o’clock (or 1 p.M. daylight saving
time).

If you live in the middle of a time
zone, say Pittsburgh or Denver,
follow exactly the same procedure,
but set it at 11:30 a.M., standard |
time. If you live in the western
quarter of your time zone, setitat 11
A.M. standard time (or noon,
daylight saving time).

You can set the clock at any other
time of day, but the approximations
used to compute the style angle will
complicate things. I don’t recom-
mend it unless you are willing to
tinker around making adjustments.

That should do it. You now have
your very own energy-saving, per-
petual, solar-powered clock. Enjoy
it, but don’t expect it to match the
accuracy. of your new digital wrist
watch. And if you live in Vermont,
as I do, don’t be upset on those
cloudy days when your clock goes off
duty, or in winter when it is covered
with snow. It will soon be back on
the job and pretty close to right on
time.

JoHN HORST is a retired engineer and
management consultant, a glider pilot,
and a habitual tinkerer.
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To Teachers

WHO PLAN TO USE THE READER WITH STUDENTS

Whether you are teaching young people or adults, whether you use this reader
for classroom reading or for student assignments, there are a few facts that you
should be aware of. :

l. You have certain rights to and restrictions on your use ¢f the material in
this reader under the copyright law.

2. The statements and opinions contained in this material should be weighed
and evaluated carefully. :

3. In using readings with students, preparation and follow-up are as
important as the reading itself. - ' '

Let's look at each of these points more closely.

Your Right to Use the Reader’

The articles included in this reader are reprinted here by the generosity of a
number of writers, artists, editors, and publishers. Where the material is
copyrighted (and most of it is), the copyright appears with the article, poem, or
story. The copyright law does allow teachers to reproduce such material; however,
there are limitations on that right. To make your rights as an educator clear, and
to encourage you to use the reader, we have included the Congressional Guidelines
for Classroom Copying. These guidelines appear on pages 411-413.

Point of View

No magazine article can give
you the full energy story; writers
and publishers, like everyone else,
have points of view. We can't
guarantee that the articles includ-
ed here are completely objective
or all-inclusive. What this reader
does attempt to do is to give a
broad sampling. For suggestions on
how to read thoughtfully and how
to help students do the same, read
on.




; ture literally dependis on energy. - It's not '

'your students -get’ the ‘most-- from your -

.tions for preparatio »,'and follow-up on
'~readmg“a551gnments. | T

Readlng Preparatlon and Follow ‘:Up

o reading ablll)t)’ and vocabulary, and
crltlcal skﬂlls

How can you be-sure that you and

energy reading?- Below -are some- sugges-

" '-Mo'tiva’tibn N

Students today4 know that thelr fu-.'

o ;‘hard to motivate them -to read about; . =
2 energy, if you: remind them -that energy'
- knowledge’ gives thém more control over- .|
g that future. To- motlvate, e .
. dlSCUSS sourcesE of anxxety for them and thelr famlhes, such as:
rising costs, o R R T
blackouts and shortages, o i P R I
t _ political and strategic barriers to energy -supply,. and e IR
* dally necessmes and comforts that depend on energy, T S R
N R P i (L « < »; B b P
- -+ 7 use questlons to encourage 1mag1n1ng and sharlng, llke. ,
- . "Have youlever been in a greenhouse? What was it like?" = e
L "What would happen to utility compames if everyone used solar energy""
- "Do you, remember how you felt when you flrst became aware; of an-
energy- crlsls'7" D
"How do you think a. person in a developmg country mlght feelﬁfabout
S energy usé in the United States?™ | ,
S 7o "How- would you, design a completely self-sufhment house"" i i ;
or doa pre readmg activity, for example. i : : : :
try a 51mple experlment or demonstratlon related to the artlcle s subject,
B take a poll ‘or survey, . T
"L 7. plana debate or wrltmg a551gnment based on the artlcle s 1nformat10n, VT
or i e 7 RS
i "con51der v‘kai'lous energy futures and r:alse questlons about the probable
- outcomes§ a SR I : : .. -
- {
i
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Background

Students care about the energy future, but they often lack specific informa-
tion. They tend to get their opinions by hearsay, and talk in generalities and
slogans. They need more context for their.reading. You can break through
oversimplified thinking with . o :

_ Sour Eneray bulletin boards of clippings,
. films that promote opposing points of view,
13er ks discussions of TV news and talk shows,
CeTTTTRE guest speakers, including other faculty members, or -
¢ scnes, waned rOle playing about energy conflicts. ; e
‘Encourage students with special knowledge
- or expertise to share their information.

Readihg Ability and Vocabulary

Not every reading is intended for every student. In fact, some of the articles @
in the reader are only approprlate for teachers and advanced students. Stack the .
deck for reading success:

1.  Select articles at the appropriate reading level. (They are keyed in the
table of contents with color tabs; one for easy, two for intermediate, and
three for difficult. )

2. Introduce new words before beginning the feading Students can use the

glossary (page 415) or they can try to figure out the meanings of the
words from their context. .

3. Attack the reading at the easiest (mforma‘uonal) level first, and then
lead students to the more difficult levels:
First, search for and recall facts.
Second, consider what the writer is trying to communicate.
Third, apply what the writer says to one's own experience.
Fourth, analyze how the writer presents his/her ideas. '
Fifth, suggest new ways of presentmg or adding to these ideas.
Last, evaluate and express opinions on the materlal

i




Cnt:cal Sk/lls_ S I DR o phe el T e
, Students hke magazme readmgs because they perce1ve magazmes as "adult"_
reading. - “But. readlng like  an adult requ1res 1) de51re for object1v1ty and 2)_’;
tolerance for amblgulty. : : : ;; - L

" Desire for Ob]ectlvu Co : S :

Help - studentsli 10 generate questlons about the readmg that encourage':
ob]ectlvxty ; - i R

Tolerance for Amb1gu1ty

. s he/she assocxated with some spec1al mterest group" L e
‘" What are hls/her claims to expertise? | ..° A
- Where does he/she use facts and where, op1n1ons"

. What is; the quahty of the. ev1dence" : A
.- How can. the assertions be ver1f1ed or compared thh opposmg V1ews'7 ,
. Is the’ mformatlon up-to-date? {- B : R

Is the style ‘objective and balanced?

e

i! ll T
- Who is the author"

Does the author use propaganda technlques and emotlonal appeals :

Does the artlcle leave out or gloss over certaln pomts"
B ilb» . I A».;'_,, T LR

Encourage students to be aware of amblgumes m thelr readmg and dlSCUSS :
them:? : . , 3

2
H

Arethe”re thmgs the author has left out— (mtentlonally ‘or umntentlonally)" E
~ Are there other ‘possible points lof view, on the subject? O : :
.. May time! and events alter the validity. 'of what ‘the author: says"
~ Is:ithe-rea situation more complex than the author. suggests?

Does th’e u'thor adm1t to uncertamty on some pomts" )

Wlth thls klnd'of thoughtful preparat1on and follow-up, a readmg becomes

‘moré than just anot her assignment. It becomes,an opportumty to expand vocabu-;,_ s
_-lary, sharpen thmklr {and develop more- mature skllls in evaluatlng 1deas. B CRE
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From Circular R2! of the Copyright Office, Library of Congress, Washmgton, DC
20559.

Agreement on Guidelines for Classroom Copying

in Not-for-Profit Educational Institutions
with Respect to Books and Periodicals

The purpose of the following guidelines is to state the minimum and not the
maximum standards of educational fair use under Section 107 of H.R. 2223. The
parties agree that the conditions determining the extent of permissible copying for
educational purposes may change in the future; that certain types of copying
permitted under these guidelines may not be permissible in the future; and

" conversely that in the future other types of copying not permitted under these

guidelines may be permissible under revised guidelines.

Moreover, the following statement of guidelines is not intended to limit the.
types of copying permitted under the standards of fair use under judicial decision
and which are stated in Section 107 of the Copyright Revision Bill. There may be
instances in which copying which does not fall within the guidelines stated below
may nonetheless be permitted under the criteria of fair use.

Guidelines
L. Single Copying for Teachers

A single copy may be made of any of the following by or for a teacher at
his or her individual request for his or her scholarly research or use in
teaching or preparation to teach a class:

A. A chapter from a book;

B. An article from a periodical or newspaper;

C. A short story, short essay or short poem, whether or not from a
collective work; .

D. A chart, graph, diagram, drawing, cartoon or plcture from a book,
periodical, or newspaper.

II.  Multiple Copies for Classroom Use

Multiple copies (not to exceed in any event more than one copy per pupil
"in a course) may be made by or for the teacher gwmg the course for
classroom use or d1scussxon, provided that: .

A. The copying meets the tests of brevity and spontaneity as defined below,
and, :

B. Meets the cumulatlve effect test as defmed below, and,

C. Each copy includes a notice of copyright.

@

<
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e D w2
Deﬁhitions”* - ; z
Brev1ty 3 i ]
(i)- Poetr‘y (a) A complete poem:-if less than 250° words and: if pr1nted
-on not’ more than two pages or, (b) from a longer poem, an. excerpt
of’ not morf ‘than 250 words. i ll o S
: (ii) Pros 2 i(a) Elther a complete artlcle, story or essay of less than
o 2,500 words, or (b) an excerpt from any prose work of not- more- than ]
~. 1,000 words or 10% of the work, whlchever is less, but in- any event -
. a m1n1mu i of 500 $words S -

Each of the numencal hmlts stated in"i! and "u" above may be
: expanded to permit the completlon of -an unfmlshed llne of a poem =
- orof an l]Jr:flnlshed prose paragraph oo : : -

‘. N

(111) Illustr!atlon. ,One chart, graph }.dlagram, drawmg, cartoon or

plcture p“ r book or per perlodlcal issue.
Sl 5 - S
(1v) "Spec1al" works. Certain  works 1n .poetry, prose or 1n "poetlc
- prose"":. wh1ch often combine language with illustrations and which
= are 1ntended sometimes for children uand at othet times for a more
’ general audlence fall short of 2,500 words in their. -entirety. - Para-
) s;above notw1thstand1ng such "special - works"- may not: be”
reproducpd in ‘their entirety; however, an excerpt comprising not-
. more than two: of the published- pages “of such. spec1al work ‘and "
1conta1n1ng not ‘fore than 10% of 4 ithe words found in: the text

_thereof may be reproduced : ‘ ST
b T " |
Spontanelty jl_ : R -
(i) The copymg 1s at the 1nstance and.!inspiration of the ;individual o
: teacher,and : . R O I T
A (i1) The lnsplratlon and decision to use the’ work -and the moment of
ST Tits 'use, forlmax1mum teaching’ effectlveness are so close in:time that - -
b Ceolit would be unreasonable to expect aitimely reply to.a request for
. permlsswnj. Sor T : .j-; : : e T
S S R i D
. ;b . Lok I
'.CUmulatlve‘ Effect - R S A

(1) The copylng of the materlal is for ,,only one course; 1n the school 1n e .
“which th"e‘__.icoples are made. i i e

. V
» 1]

(ii)r Not more: than one- short poem, artlcle, story, essay or- two '

excerpts may be copled fromithe same -author, nor more than three - < '

from the same collectlve work or perlodlcal volume durmg one class
term. AT - : . .

: (111) There shall not be more -than nine instances of such multlple
- copylng Eor_ one course durmg one class term. ) A

.u “

L The llmltatlons stated m "1 " and "iii" above shall not- apply to
current’ 1ews periodicals and lnewspapers and current news sections
. of-other ica ! :
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III. Prohibitions as to | and II Above

Notwithstanding any of the above, the following shall be prohibited:

A. Copying shall not be used to create or to replace or substitute for
anthologies, compilations or collective works. Such replacement or
substitution may occur whether copies of various works or excerpts
therefrom are accumulated or reproduced and used separately.

i B. There shall be no copying of or from works intended to be "consumable" [

i in the course of. study or of teaching. These include workbooks, . '

! exercises, standardized tests and test booklets and answer sheets and ‘
like consumable material.

C. Copying shall not:

(a) substitute for the purchase of books, publishers' reprints or periodi-
cals; , :

(b) be directed by higher authority;

(c) be repeated with respect to the same item by the same teacher
from term to term.

D. No charge shall b‘e(made to the student beyond the abtgal cost of the
photocopying. -
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Glossary

active solar energy system

a system which requires external mechanical power (motors, pumps, valves, etc.) to
operate the system and to transfer the collected solar energy from the collector to
storage or to distribute it throughout the living units. Active systems can provide
space heating and cooling, domest1c hot water, and/or steam for industrial use.

coal 4 :
solid fuel formed by the decomposnlon of plants buried deep under the earth's surface.

A group of naturally occurring, carbon and hydrogen-rich substances are called "coal".
Various types are ranked by the percentage of carbon in dried samples or by the
caloric value of moist ones. From least to most carbon-rich, the coal group includes
peat, lignite, sub-bituminous and bituminous coals, and anthracite.

collector
any of a wide variety of devxces (flat-plate, concentratmg, vacuum ‘tube, greenhouse,

etc.) which collect solar radiation and convert it to heat.

“conservation

making the best use of natural resources by reducing waste, improving eff1c1ency, and
slowing the rate of consumption.

energy
the ability to do work or make things move; the application of a force through a

distance. Energy exists in a variety of forms (electrical, kinetic or motion,
gravitational, light, atomic, chemical, heat) and can be converted from one to another.
Common units are calories, joules, Btu, and kilowatt-hours.

environment
the sum of all external conditions and influences affectmg the life, development, and

ultimately the survival of an organism.

fission
a nuclear reaction in Wthh large atoms are spht in two with the release of large

amounts of energy. Heat produced by fission of a particular kind of uranium, U235, is
used to generate electricity i in Western Europe, the U.S., and Japan.

force
the action on a body which tends to change its relative condition as to rest or motion.

fossil fuels ' §

coal, petroleum, and natural gas; this term applies to any fuels formed from the fossil

remains of organic materials (plants and animals) that have been buried for millions of
years. The ultimate source of energy for those plants and animals was the sun.

9

«
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.‘ - Europe and .the U. S.

~ heliostat . :

- fusion (nuclear) . ' ‘ ..
. a nuclear reactlon mvolvmg combmatlons of small atomlc nuclei into larger ‘ones thh;;'
"~ a tremendous release of energy. Experlmental fu51on reactors are being developed in-
] The fuel-for. fusion 1s deutemum, a form of hydrogen Wthh occurs - -

, geothermal energy 1 RS 3 il - o
;. heat trapped in.the nterlor of the earth is° called geothermal energy Boreholes mto o
* the crust show an- avierage temperature 1ncrease of: 1° C for-every 30 .meters of depth.

. as a ."lid" to ‘slow the

: heat C : -

‘energy that flows between ‘a system and 1ts surroundmgs because of a temperature
difference between them. Heat results from thelmotlon of molecules of matter. Also,

. the word heat is often used to refer to the energy contamed in a sample of- matter (for~-

. example, kllocalorles per unlt of food) : : : :

. reflect the sun's rays 1nto a solar collector or furnace. . . S b

" infrared radi'atfionw ‘ . o
_ the invisible rays.ju st beyond the red of the vnslble spectrum- thelr wavelengths are.
'.,.{longe’r,than those _;of the spectrum colors and they have a penetratlng heatmg effect. TR

"“insulation ‘ ' ‘ ‘ A
. ..material with hlgh esnstance (R- value) to heat‘*flow. Some commonly used materlals B
" - for home lnsulatlon , -

naturally in sea water in a ratio of one atom ito; 6, 500 atoms of-normal ‘hydrogen.

as the bases for elec trlcal power is problematlc.

'.ir -
i

RS

- Deuterium fuel is abundant, ‘but technical.and economlc fea51b1hty of fusmn processes:_- :

or about lOOo F per:. mile. Geothermal heat is; beheved to come, from the decay of

-radioactive materlals l‘deep in the earth as well-: as from friction of rock movements, ’
tidal forces,: and p rhaps other sources. " This heat keeps great quantltles of buried -
rock -molten_ and hot.« Some of, this energy escapes at the surface as hot water: -

‘Geothermal : energy lis, avallable in four forms: dry steam, wet. steam, hot rocks, and-

hot water.v . 2 _ j [ L :
" greenhouse effect - lg SR R I : P

§

fqu1te easily but, when absorbed- by ob]ects behlnd the glazing, is.reradiated as' heat”
"which does not penetrate the glazing as easily.- Heat is thereby -trapped and can be " |
" used. -Also: the waq,mlng effect of carbon dioxide "and water in the atmosphere acting
e escape of heat from the earth's surface. Molecules of;water and .

“carbon. dioxide abso and reradlate back to earth “much of the heat. radiated from it.

-3
i

‘i
2k 4

an’” instrument consutmg of a mirror mounted on an axis moved by clockwork used to

¥ -

hydroelectrrc Plant SR d

7 an -electric power plant in- which thetenergy of-fallin'g'bvsiater' is converted into...
. .electrical energy byja turbme generator. P T S : '

[
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are flberglass, cellulose, rock wool, and styrofoam.
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_a phenomenon Wthh“ converts solar radlatxon to heat. Sunllght penetrates glazmg LT
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methane gas

a colorless, flammable, gaseous hydrocarbon, emitted by marshes and by dumps
undergoing decomposition; can also be manufactured from crude petroleum or other
organic materials.

- natural gas

a mixture of gaseous hydrocarbons occurring naturally in certain rocks. There are
several kinds of gas trapped in porous rocks underground. One of these "natural gases"
is methane, used as a commercial fuel. Petroleum deposits always include some
methane, but natural gas deposits are not always accompanied by petroleum. Natural
gas is commonly sold to individuals in hundreds of cubic feet (CCF), the unit appearing
on household utility bills. - ©One CCF of commercial methane has about 25,000
kilocalories, the equxvalent of 8 pounds of coal or 0.7 gallons of crude oil. (See also:
methane.)

nonrenewable resources
energy resources that are not bemg replaced durmg the time span of human history.
Examples are coal, oil, natural gas, and uranium.

nuclear energy :
energy from radioactive decay or from fission or fusion reactions. In a controlled
situation it can be used to produce electricity.

nuclear power plant :
a generating station where heat for creating steam comes from nuclear fission instead

of from combustion of fossil fuels.

ocean-thermal energy conversion (OTEC)
an energy technology in which the temperature difference (between cold deep water

and the warm surface water 2,000 feet above it) in tropical oceans is used to generate

electricity. .

oil shale"
a sedimentary rock containing solid organic matter (kerogen) that yields substantial

amounts of oil when heated to high temperatures.

overhang :
a solid horlzontal or angled pro;ectlon on the exterior of a building placed (ideally) so

that it shades southern windows in summer only. An overhang may be fixed or
movable, part of the original construction or a retrofit. Several designs are possible.
An upward-tilted overhang can also serve as a reflector in winter.

passive solar energy system
an assembly of natural and architectural components which converts solar energy into

usable or storable thermal energy (heat) without mechanical power. Current passive

solar energy systems often include fans, however.

petroleum
an oily, flammable liquid that may vary from almost colorless to black and that occurs

in many places in the upper strata of the earth. It is a complex mixture of
hydrocarbons and is the raw material for many products including gasolme, kerosene,
lubricants, and waxes.
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storage

" synthetic fuel | l
liquid, solid, or gaseous fuels produced from carbon-rlch materials. by human tech-
nology. Examples are coal gasification, coal llquefactlon, oil shale extractlon, and

trash-to-energy con versions.

|

photosynthesis . |- l : i

green plants’ process‘ f using solar energy to convert simple molecules 1nto complex
ones with high potentlal energy. Carbon dioxide and water are combined, in the
presence of sunhght and chlorophyll, mto carbohydrates such as sugars, starches, oils

and cellulose. | !
i
i {

photovoltaic cell . y 2 .
a device which converts solar energy dlrectly ‘into electricity. Sunlight striking

‘certain materials: (sducon is most common) causes the release of ‘electrons. The

mlgratlon of these released electrons produces an electrical current. The conversion
process is called the photovoltalc effect.’ 1

l‘ ! -

an 1mpur1ty ‘or contamlnant emitted to the amblent air. It may be a solid (partlculate

matter), liquid (mlst) lor gas (such as carbon monoxrde)
- o 3 i

ower c 4

__the rate at Wthh work is per formed. lt is measured as units of energy per unlt of
time, for example: calorles per second, watts (Joules per second), or horsepower (foot-

pounds per second). | A

- wl
l
l
i

radiation ; :
the method by Wthh heat is transferred through open space. About 60% of the heat
transferred to a room from a wood stove is by-radiation. Sunlight travels to us by
radiation through space at "the speed of llght" 299,728 krlometers per second

n

renewable resourcesl‘ l ; ,
|
materials that are recycled by natural processes ‘within a relatively brlef span of time

(a human lifetime). ',*Fresh water, wind, sunshine, and trees are some examples of

resources that replac;e or recycle themselves w1th1n human time frames.

solar energy i :
h 5electromagnetic{‘“ radiation emitted by the sun. ‘The earth receives about 4,200 x
kilowatt—hou;’rs‘!of solar radiation per day. o
o ;
b [

solar greenhouse - |:! . i : : :
a sunspace containing thermal mass and used to grow plants. .

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

trlp mining : "1 'l “
mining for coal or, useful ores by removmg the sorl and rock found above them, rather

than by tunneling un‘derground i

d:'
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W

tempera ture

a measure of the energy of motlon of the atoms and molecules of a substance.

Thermometers and thermistors are used to measure an object's temperature. Temper-

ature is not the same as heat. -The tip of a burning match has a high temperature, but
the obJect as a whole might contam very httle heat due to its 51ze.

¥

\Y

5

wastes, radloactlve : :
by-products of producing power by splitting atoms in a  nuclear power plant; some of
these materials are highly radioactive and remain radioactive for long periods of time.

windmill o
a machine run on energy generated by wind blowmg against blades or slats.

work '

energy. transferred from ‘one object to another, that is, a force actmg against
resistance’ to produce motion in a body; measured by the product of the force actmg
and the distance moved through agamst the resistance." ‘

y z
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