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8. At the "go" signal, the suns race to the plants who (gently) grab as much of the suns' energy as
they can.

9. The plants pivot (they do not run), and the herbivores race up to grab as much energy as they can
hold. The herbivores return to their spot. As soon as the herbivores return to their spot, the
carnivores run up

and capture the energy from the herbivores. Continue with the humans. When the humans return to
their spot, have them raise the remaining energy above their heads to signal that they are through.

GENERATE IDEAS FOR FURTHER INVESTIGATIONS

10. Look on the ground. What happened to the energy during transport and transfer? Compare the
amount held by the first and last person. If there were fewer transfers, how much energy would the
last person have? How could we make fewer transfers in obtaining energy in our lives? Take out
the carnivore stage and compare the amount of energy left over.

11. Introduce environmental disasters like pesticides, floods, or oil spills at one stage. Have the
students immediately drop half the leaves they are carrying. This represents the damage and the
lessened energy taken up or transferred. Discuss the effects of having less energy for the food chain
and survival problems.
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Activity 5 HOW CAN WE GENERATE ELECTRICITY?

CONCEPT To understand the importance of renewable energy, students will learn how
electricity is made.

GOAL Students will realize that to make electricity, something has to "turn the turbine."
(Examples: steam from burning coal, oil, or heating from sunlight (solar-thermal); or falling
water; or wind; etc.)

MATERIALS For each group of students, 100 cm of bare copper wire; bar magnet; electric
meter (i.e., galvanometer or milliammeter, hollow tube such as a toilet paper roll; student sheet,
"How Can You Make Electricity With a Magnet?", and Energy Sources that Turn the Turbine.

HELPFUL HINTS USING TLM Invite: Ask students where the electricity comes from to light
the lights in the room, to run the overhead projector, to run the stove, refrigerator, etc. Write key
vocabulary words on the board as they use them. Discover. Create: see below.

BACKGROUND

Most electricity is commercially produced using large generators. The generator consists of two
parts: the armature, which is a large coil of wire, and magnets, which are usually electromagnets.
By moving the coil of wire through the field of the magnets, a current (a flow of electrons) is
induced (produced in the wire.

It does not matter whether the coil of wire moves through the magnetic field or whether the
magnetic field moves over the wire. The current is always produced in the wire.

As you can see, something has to turn the coil or the magnet. Without energy to do that turning,
no electricity can be produced. In an electric generating plant, that energy usually comes from a
large windmill-type apparatus called a turbine. The turbine has many blades attached to a shaft.

The turbine is usually spun by hot, expanding steam from a boiler. And the steam is produced by
burning fossil fuels or using a nuclear reaction to heat water. However, running water
(hydropower) can also be used to spin a turbine. So can wind.

When the turbine turns, its shaft turns. The shaft is attached either to the armature (coils) or to the
magnet, and when it turns, it generates electricity.

In order for the current to flow, there must be a complete circuit connected to the wire that breaks
the magnetic field. In other words, the end and the beginning of the wire are connected, making a
complete loop. The electrical current that is produced is a flow of electrons, in the wire, which
can be utilized in various ways. If the end and the beginning of the wire are connected through a
radio, for example, the radio will play.

ACTIVITY
1. Break students into groups of 2 or 3. Hand out the lab sheet: "How Can y ou Make Electricity

With a Magnet?"
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2. As students work through the activity, introduce the idea that an electric current is a flow of
electrons. A magnet can pull tacks or nails, it can also pull electrons.

3. Also ask students: "Do you suppose it makes any difference if we move the magnet in different
directions?" Have them try it. The largest current will be produced when the magnet moves
perpendicular to the coils.

4. Also ask students: "Are there any other things you can think of that might change the amount
of current produced?"

5. Once students have completed the worksheet questions, ask them to construct a turbine
generator using some form of renewable energy (perhaps wind or water) to do the turning. Hand
out "Energy Sources that Turn the Turbine" as a guide for this activity.



How can you make electricity with a magnet?

Of course you know how a magnet can pick up small metal objects. You can actually
make a tack jump to the magnet by holding them close together.

Magnetism is a form of energy. It can push or pull things. It can even push or pull some
of the tiny particles that make up matter: electrons. And when you push or pull
electrons, you get electricity.

Let’s try making electricity with a magnet.

MATERIALS

e 100 cm of bare copper wire
e | bar magnet

e 1 electric meter

e 1 cardboard tube

STEPS

1. Wind the wire around the tube about 20 times

2. Connect both ends of the wire to the meter, as shown by your teacher.

3. Take the magnet and move it near the coil but not through it. Observe the meter.
4. Move the magnet in various directions around the coil.

5. Move the magnet through the coil, back and forth. Make more than one trial doing

this. Try moving the magnet at different speeds. Move the coil over the magnet,
keeping the magnet still.



Now answer the questions below:

1. In which step did the meter move the most?

2. When the meter made the greatest movement, in what direction were you moving
the magnet?

3. Was there a difference between moving the magnet through the coil, or moving

the coil over the magnet?

4. Was there a difference when you moved the magnet faster?
5. The lines of force on a magnet would look something like this (if we could see
them).
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What happened to those force lines when you moved the magnet inside the coil?

6. Can you figure out some way that you could make the magnet spin really fast
inside the coil?
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Name

ENERGY SOURCES
THAT
TURN THE TURBINE

DIRECTIONS: For each row of three pictures, draw in the missing part.

Contact: National Energy Foundation
3676 California Ave.
Suite A117
Salt Lake City, UT 84104
(801) 908-5800
http://www.nefl.org



http://www.nef1.org/
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Steam Turbine
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We get steam from beneath the earth’s surface to produce a small amount of electricity.

Fossil Fuels — Hot Gases

4

We burn coal, oil, or natural gas to make hot gases to produce electricity.
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We use the wind to turn turbines to produce a very small amount of electricity
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We can concentrate sunlight to make steam.
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Fossil Fuel — Steam

Gas Turbine

We burn coal, oil, or natural gas to make steam to produce 72% of our electricity.
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Activity 11 BATCH- TYPE SOLAR COLLECTORS: WHICH IS BEST?

CONCEPT Students will learn that there are several factors that determine the amount of heat
energy absorbed by a batch-type solar collector.

GOAL Students will prepare three types of batch-type solar collectors and measure the temperature
change caused by heat absorption. Students can then design their own experiment to create a batch-
type solar collector that absorbs the most heat energy.

MATERIALS Refer to "Which batch-type solar collector gets the hottest after 15 minutes in the
sun?"

HELPFUL HINTS USING TLM Invite: Review how solar cells work, then ask what other type
of energy form comes from the sun besides electricity. Answer: heat. Ask what color of shirt you'd
wear to stay cool at a baseball game on a hot summer day. Answer: white. Discuss why. Ask about
ways to build a solar collector to maximize the amount of heat received using these concepts.
Discover. Create. Ask Questions: refer to "Which batch-type solar collector..."

ACTIVITY
1. Refer to "Which batch-type solar collector gets the hottest after 15 minutes in the sun?"

2. Using the "Other Ideas to Explore" at the bottom on the attached activity, have students
design their own experiment to determine at least one other factor besides color that results in
more heat absorption.



Which batch-type solar collector gets the
hottest after 15 minutes in the sun?

Materials

Plastic trash bags;

one gach white, green,
and black

{local grocery store}

insulating material
{styrofoam, cardboard,
newspaper, etc.)

Aluminum foil
3 thermometers

Tape

Prepare the Collectors

Make 3 plastic trash bag solar collectors by following the drawing below.

On the ground outside, put down insulating material, and then aluminum
foil. The bags go on top in a row.

MAKE A SMALL HOLE
N EACH BAG AND INSERT
A THERMCMETER. TAPE
TiIGHTLY 50 THE BAGS
DON'T LEAK!?

INSULATING
= MATERIAL

FILL EACH BAG WITH Z LITERS H20—
SQUEEZE THE AIR OUT OF THE
BAGE AND TIE CLOSED

{TRIM OFF ANY EXCESS PLASTICI

Recard the ‘temperatu'res of the 3 collectars, and place the collectors on the
foil in the sun.

TEMP, TEMP,

Record the temperatures again in BEFORE AFTER

15 minutes.

What causes the differences in
temperatures recorded?

How could this affect other
solar experiments?

Other Ideas to Explore

Try this experiment with 2 bags of the same color, Prepare these solar
collectors in the same way and place them in full sun, one on insulation
material and foil and the other directly on the ground.

Record the temperatures as above and compare the results,
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Activity 12 BUILD A BETTER SOLAR GREENHOUSE

CONCEPT Students will learn that there are several factors that help keep the temperature stable
in a greenhouse.

GOAL Students will construct two greenhouses: one standard, the other solar. They will then
determine which keeps a steadier temperature when placed in sunlight during the winter.

MATERIALS Refer to "How much better is a solar greenhouse than a standard greenhouse at
keeping a steady temperature in the winter?"

HELPFUL HINTS USING TLM Invite: Ask students about the "Greenhouse Effect" and how it
operates. Ask what conditions change how much heat is trapped inside? Refer to how a car feels
when you get in it as it's been sitting in the sun on a cold day. Have students hypothesize which
type of greenhouse will stabilize temperatures. Discover. Create. Ask New Questions: refer to
"How much better

is a solar greenhouse..."

ACTIVITY
Refer to "How much better is a solar greenhouse than a standard greenhouse at keeping a steady
temperature in the winter?"



How much better is a solar greenhouse
than a standard greenhouse at keeping a
steady temperature in the winter?

) Build a Solar Greenhouse
Materials

Build a solar greenhouse and a
standard greenhouse according to
these drawings. (Be sure to cut 2
of each side panel.)

Corrugated cardboard -
{(figure amount needed
based on drawings)

Clear plastic, 3- or 4-mil,
50cm x 450cm

{local hardware or
garden stores)

Flat black spray paint

f—s—imme  0cm

A -

S0cm

A

White spray paint

2 Thermometers

‘s,
FIGURE ANGLE A

Piastic wrzp gégzn omH\I«gun
RAP AL
(grocery store) CGOAT I,

YOUR
Tape LATITUDE
+15°,

CUT CUT
OPENING
R_‘

String or thread

SIDE PANEL
STANDARD
GREENHOUSE

CuUT 2

Tin cans

Rubber bands

Insulation material
{styraofoam, cardboard,
newspaper, etc.)

STANDARD
15em GREENHOUSE

cuUT OU
Spray the outside of the greenhouses white before adding plastic.  OPENIN

ABDD INSULATION TO . COVER ALL OPENINGS WITH

BACK, TO®, AND S1DES. 3. DR 4-MIL PLASTIC.
1", AND SIDES NGO AIR LEAKS!

COVER FRONT
WITH 3- CR 4-MIiL
PLASTIC,

Add 5em cardboard panel for stability.




Conduct Your
Experiment
Like This:

Face both greenhouses
directly into the sun.

Measure and record the
temperatures in each
one as the day pro-
gresses.

After they have reached
a high temperature
place both in the shade—
read andrrecord the
temperatures as they
cool off.

Spray the cans flat black. -

Fill with H5O and cover tightly \
with plastic wrap and rubber bands.

. INSIDE

Stack them in the back of the WALL OF
GREEN-

solar greenhouse, HOUSE

Y4

TIN CANS
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Graph the results of your experiment,

Other Ideas to Explore
What would happen if you added more insulation material? What if you
added 2 layers of plastic to the front?

What are other ways of maintaining and storing heat when there is no
sunlight?

Try substituting gravel, sand, and soit for H,0 in the tin cans in the solar
greenhouse and try the experiment again.

Would you save energy in your climate by using a solar greenhouse?
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Sample Rubric

The following sample rubric 1s designed to aid the
teacher in developing suitable assessments for these
activities. It 1s included only as a guide.



Rubric for Task Assessments

REACT

Activities for Middle Level Students

General Scale for Scoring Student Performance

SCORE DESCRIPTION

4 Beyond expectations—quality of work is
unusually high and beyond expectations

3 Meets expectation—skill 1s mastered to
the level of expectation

2 Almost there—skill 1s almost mastered
but with minor problems

1 The skill is present but with errors and
omissions

0 The skill is absent




