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Teacher Overview

Objectives

Students will observe how technology (photovoltaic cells) can enhance the solar energy
Earth receives.

Students will develop an understanding of the importance of the Earth’s Magnetosphere.
Students will observe the effects of the sun’s energy on the Magnetosphere.

Students will develop an understanding of the various solar phenomena (flare, coronal
mass ejections or CME, radiation) and their effect on the sun’s output of radiant energy.
Students will observe the effects of various solar phenomena (flare, coronal mass ejections
or CME, radiation) on the Earth.

Students will recognize the difference between true north and magnetic north.

Students will develop an understanding of how solar cells convert solar energy to
electricity.

Science Concepts

Solar energy can be converted to other forms of energy such as electricity and food.

A solar scientist studies the effects of the sun’s energy on the Earth using various instru-
ments.

Solar phenomena such as solar flare, coronal mass ejection (CME), and radiation affect
the Earth’s magnetosphere by disrupting radio communication, shortwave operation,
compass readings, space satellites, telecommunications satellites, prospecting equipment,
navigation equipment, etc.

The Earth’s magnetosphere is integrally connected to solar activity and human technologi-
cal usage.

The Earth’s magnetosphere is affected by magnetic storms from the sun.

The sun gives off electromagnetic energy that affects the Earth’s atmosphere.
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Teacher Overview

Correlation o0 +*he Na*ional Science Standards

This segment of the Webcast All About the Sun, “Effects of the Sun on Our Planet”, is brought to
you by a correlation to the National Science Standards for grades 9 - 12 as delineated below.

Grades 9 - 12

Unifying Concepts and Processes
e Systems, order and organization
® Evidence, models and explanation
e Change, constancy and measurement

Science as Inquiry
* Abilities necessary to do scientific inquiry
Ask a question about objects, organisms, and events in the environment
Plan and conduct a simple investigation
Employ simple equipment and tools to gather data and extend the senses
Use data to construct a reasonable explanation
Communicate investigations and explanations
Understandings about scientific inquiry

Physical Science
® Structure and properties of matter
® Motions and forces
* Interactions of energy and matter

Earth and Space Science
* Energy in the Earth system

Science and Technology
* Abilities of technological design
Identify a simple problem
Propose a solution
Implementing proposed solutions
Evaluate a product or design
Communicate a problem, design and solution
Understandings about science and technology




= Teacher Overview

Correlation 0 +he Na*ional Science Standards (conrinued)

Science in Personal and Social Perspectives
® Science and technology in local, national and global challenges

History and Nature of Science

® Science as a human endeavor
* Nature of scientific knowledge
® Historical perspectives
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Teacher Overview

Materials List

Science Exploration

Now We're Cookin’!
Note: The materials listed need to be gathered in large enough amounts to be used by
entire class as per each group’s decision on their design for a solar cooker.

aluminum foil

small mirrors

clear and dark glass jars
shoe boxes

lightweight wire
toothpicks

cardboard

tape

plastic wrap

reflecting material

Parabolic Solar Collectors

Directions: See section Student Handouts, Student Guidesheet: Constructing a Parabolic
Solar Collector

Parabola maker (see directions above)

graph paper

tape

heavy cardboard

aluminum foil

white glue

small nut and bolt

wood strips 3 = 5 cm wide, 50 — 100 cm long

Wavelength and Solar Cells

Various types of solar cells (silicon, cadmium sulfide, selenium, etc.)

Voltmeter or multimeter (0-1 volt range)

Incandescent lamp

Different types (colors) of filters: blue, green, yellow, red, infrared, yellow-green infrared
blocking filter

What | can do with Solar Energy!
Note: Materials will vary based upon students’ designs.



Teacher Overview

Materials List (continued)

Science Exploration

Riding a Radio Wave
e Student Observation Chart
e AM Radio

AM Radio lonosphere Station

* AM radio with a tuner knob and a volume control know

® Paper disk with a hole punched in its center to fit over the volume control

® AM Radio Information Sheet (from the Web site given below.)
http://image.gsfc.nasa.gov/ poetry/workbook/p39.html

Magnetic Field

® 3 inch Styrofoam ball

20 ft. of fine insulated copper wire
1.5 volt dry cell

very fine iron filings

large sheet of paper

Soda Bottle Magnetometer

One clean 2 liter plastic soda bottle

2 pounds of sand

2 feet of sewing thread

one small bar magnet

one 3 x 5 index card

a one inch piece of drinking straw

a mirrored dress sequin or small craft mirror
Superglue

2 inch clear packing tape

a meter stick

an adjustable high intensity lamp with a clear bulb (not frosted)

Magnetism and the Sun

® Refer to the Web site given below for a series of magnetism explorations with a variety

of materials.

http://solar-center.stanford.edu.magnetism
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Science Explorations

Now We're Cookin’!

Parabolic Solar Collectors
Wavelength and Solar Cells
What | Can Do with Solar Energy
Riding a Radio Wave

AM Radio lonosphere Station
Magnetic Field

Soda Bottle Magnetometer
Magnetism and the Sun

Prospects are good

Career Explorations

Solar Scientist




Explorations

Science Explorations

Now We're Cookin’!

Purpose: Students will use the process of technological design to create a “solar-powered”
method to cook a thin slice of hotdog meat. Students will also develop an understanding
for how the technological design process works to solve problems and affect our lives in a
positive way.

Activity description:

Given a choice of materials listed below, students will design a “solar cooker” that will
cook the quarter-inch thick, slice of hotdog in the quickest amount of time possible. Use the
Science Exploration Guidesheet: Now We’re Cookin’! from the Answer Keys section as
students process through this exploration. This guidesheet will provide students with back-
ground information on solar energy and the technological design process from which they
can derive and test their designs.

Materials: aluminum foil, small hand-sized mirrors, large jars with lids, small shoebox-
sized boxes, lightweight wire, toothpicks, pieces of cardboard various sizes, tape, plastic
wrap, and any other which the students and teachers can safely consider for use.

Parabolic Solar Collectors
Purpose: To build a parabolic solar collector and demonstrate uses of the sun’s energy for
practical tasks.

Activity description:

Follow the procedures listed on the Student Guidesheet: Constructing a Parabolic Solar
Collector. Upon completion of its construction, place it in the sun with a thermometer at its
center, and every hour take a temperature reading. Next place either a slice of hot dog,
apple or a small marshmallow on a skewer and cook it. Time the cooking process. Other
suggestions might be to cook the same type of food at different times of the day, time the
process and compare. Or develop a mechanism to angle the parabolic collector so that it
follows the sun’s path during the day giving maximum cooking temperature all day.



Explorations

Science Explorations (continued)

® Wavelength and Solar Cells
Purpose:
To ascertain whether the voltage produced by a solar cell will vary with the wavelength of
light incident upon it.

Activity description:

The basic procedure is to set up the solar cell, lamp and voltmeter with the lamp and cell
in a fixed distance and position. Measure the voltage using the series of filters, then plot
the voltage versus wavelengths. Have students determine the optimum wavelength for a
particular solar cell. Or have students determine the spectral response for different types
of solar cells.

The spectral response of the solar cells varies with incident wavelength as well as due to
the nature of the cell. Because it is beyond the scope of this activity, we know that the
response of solar cells is zero beyond 12,000A. Because the absorption of the photons is
too deep within the cell, below about 4000A the absorption is too near the surface and
response is nearly zero. The optimum wavelength lies somewhere in between.

e What | Can Do with Solar Energy

Purpose: Students will use the process of technological design to create a “solar-powered”
method to perform a routine task or solve a problem. They will develop an understanding
of how solar cells convert solar energy to electricity and how that energy can be used in
the technological design process. Students will also develop an understanding for how the
technological design process works to solve problems and affect our lives in a positive
way.

Activity description:

For this activity the teacher will need to purchase enough solar cells and peripherals to
engage each student group in their particular design pursuit. Or after a brief exhibition by
the teacher or a guest speaker of what solar cells are, how they work and ways in which
they can be used, students can simply follow the Science Exploration Guidesheet: What |
Can Do With Solar Energy from the Answer Keys section and develop their solar design
on paper only.
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Explorations

Science Explorations (continued)

e Riding a Radio Wave

Purpose:
Students will observe a difference in clarity and strength of radio signals received when
comparing daylight and nighttime reception.

Activity description:

Place an AM radio in an appropriate area of the classroom where it will receive good
reception. Divide the class into small groups and assign each group a bandwidth to survey
(for example 500 — 600, 1400 — 15000) or as a class choose one section of the AM band
to survey once an hour. Assign each group a time each hour (3 minutes maximum) during
which they monitor their assigned band’s reception. Adjust the volume to a reasonable
listening level. Each hour of the day have the class or small groups survey the chosen
bandwidth and note each radio station’s call sign and call number. Have the students
arbitrarily rate the station’s reception for clarity and strength with an agreed upon rating
system (such as weak, good, strong, or very weak, weak, audible strong, very strong).
Also have the students note where within there area they receive steady or sporadic static
(and have them describe the static). Use the graph provided in the Student Handouts
section or have the students design their own graph with which to record their observa-
tions. (Note: If possible once an hour check the Web site given below for current solar and
magnetosphere activity. This information can then be used to verify the type of reception
being observed. Also, have the students locate each signal’s source on a map and deter-
mine the distance from the area.

http://www.set.noaa.gov/today.html

http://solar-center.stanford.edu (for daily solar images)

For homework have the students make 2 — 6 observations for their assigned AM band
section during the night time hours and record their observations.

During the next class session, have students in small groups discuss their findings, comparing
nighttime reception to daytime reception. Ask them to hypothesize about any differences or
anomalies they observed. Encourage them to include in their hypothesizing local weather data
concerning electrical storms as well as solar activity data from the Web site given above.



Explorations

Science Explorations (continued)

e Riding a Radio Wave (continued)
Teacher Notes:
Students should find that radio reception improves during the night time hours due to less
direct solar energy entering the earth’s atmosphere on the night side of the Earth. This solar
energy would affect pulsations of loudness as well as steady static. Sporadic static can be
accounted for through electrical storms in proximity to the radio signal’s place of origin.

This project could continue as a once a week activity for a longer period of time. When
compared with solar activity information gathered on those same days, the students will be
able to clearly perceive a correlation. Also, keeping track of electrical storms that occur
within proximity, students will also be able to note a correlation to possible sporadic
crackles and popping noises heard during their observations.

® AM Radio lonosphere Station
Purpose: Students will construct an lonosphere Monitor by using an AM radio to track
solar storms and other changes in ionosphere reflectivity.

Activity Description:

For this activity we refer you and your students to the Web site given below. Students can
either design their own method of rating the loudness or follow the instructions available
on the Web site. This activity is similar to Riding a Radio Wave (Science Exploration
described above).

http://image.gsfc.nasa.gov/poetry/workbook/pagel0.html

http://image.gsfc.nasa.gov/poetry/workbook/p39.html

® Magnetic Field
Purpose: Students will construct a device to illustrate how particles can be trapped in a
magnetic field.

Activity description:
Step 1: Punch a small hole through the center of the Styrofoam ball (Do not make it over
one-quarter inch in diameter.)

Step 2: Feed the fine insulated wire through the hole forming continuous loops around the
Styrofoam ball. (Vary the size of the loops making some half of the ball’s diameter and

some twice the ball’s diameter.)



Explorations

Step 3: Leave both ends of the wire free, extending about 6 inches from each pole. Re-
move the insulation at each end of the wire.

Step 4: Attach 1.5 volt dry cell to the ends of the wire.

Step 5: Place this assembly on a large sheet of paper and sprinkle fine iron filings through
the loops.

Step 6: Record and discuss your observations.
Step 7: Place a compass near the loops. Move the compass from pole to pole.
Step 8: Record and discuss your observations.
® Soda Bottle Magnetometer
Purpose: Students will create a magnetometer to monitor changes in the earth’s magnetic

field for signs of magnetic storms.

Activity description:
For this activity we refer you and your students to the Web site given below.

http://image.gsfc.nasa.gov/poetry/workbook/page?.html
® Magnetism and the Sun
Purpose: Through this activity students will learn the basic principles of magnetism and

how they apply to the sun.

Activity description:
For this activity we refer you and your students to the Web site given below.

http://solar-center.stanford.edu.magnetism

17
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Career Explorations

® Web site review
Have the students read the brief biographies found on the Web site http://solar-

center.stanford.edu to become more familiar with solar scientists and their work.

® Webcast review
After the students view the Web cast on-line or participate in an on-line question and
answer session, have them complete the Career Exploration Guidesheet: Solar Scientist

18



Answer
Heys

Science Exploration Guidesheet: Now We’re Cookin’!

Science Exploration Guidesheet: Parabolic Solar Collectors
Science Exploration Guidesheet: Wavelength and Solar Cells
Science Exploration Guidesheet: What | Can Do With Solar Energy
Science Exploration Guidesheet: Riding a Radio Wave

Science Exploration Guidesheet: AM Radio lonosphere Station
Note: see given Web site for guidance

Science Exploration Guidesheet: Magnetic Field

Science Exploration: Magnetism and the Sun

Note: see given Web site for guidance

Science Exploration Guidesheet: Soda Bottle Magnetometer
Note: see given Web site for guidance

Science Exploration Guidesheet: Prospects are good



Science Exploration Guidesheet

Now We’'re Cookin’! - Key

Directions:  Decide how you and your partner or group will explore ways in which the sun’s

energy can be used to do things like cook food by answering each question below.

1. What science idea does your class want explore?
The sun’s energy can be used to perform work for us. We can use it to do such things as cook.

2. What question or questions do you want answered by this science exploration?
How can the sun’s energy be used to cook food?

3. Describe in general how your class will answer the question(s) or explore this idea.
The class will research information about the sun’s energy and materials that can be used to
construct a solar cooker. We will then design a solar cooker that uses the sun’s energy to cook
a slice of hot dog the fastest way possible.

4. List step-by-step how you will answer the question(s).

Research information about the sun’s energy (radiant energy)

Research information about solar cookers and materials that are used to harness the sun’s
radiant energy.

List the many types of household items that could be used to develop a solar cooker

Draw a diagram for a solar cooker

List the materials needed to make your solar cooker

Gather the needed materials

Make your solar cooker (prototype) and test it

Revise its design based upon fest

Present your design to your fellow classmates
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Science Exploration Guidesheet

Now We’re Cookin’! - Key (continued)

5.

10.

11.

12.

List the materials you or your group will need to follow those steps.

Types of materials the class could use:

aluminum foil small mirrors clear and dark glass jars
shoe boxes lightweight wire toothpicks
cardboard tape plastic wrap

reflecting material

What kind of observations will you make during this science exploration?
Test the cooker for generation of heat, thoroughness of cooking process, and total cooking
time.

What kind of measurements will you make during this science exploration?
Heat temperature, time the cooking process

On a separate sheet of paper create a chart which you will use to record your observations.
Students should be encouraged as part of the technology design process to devise their own
observation or prototype test data sheet.

Record your observations and report your findings to the class.
Students results will vary dependent upon their technological design.

At the end of the science exploration create a special report to give to the class. Follow the
form your teacher gives you.

What did you learn from this science exploration?

e How are commercially-made solar cookers constructed?

* In what other ways is solar energy harnessed for our use?

® How do scientists and researchers envision that solar energy will be used in our future?

Does this lead you to any other questions? Write down one or two of your questions below.



Science Exploration Guidesheet

Parapolic Solar Collectors - Key

Directions:  Decide how you and your partner or group will explore these science ideas by

1.

answering each question below.

What science idea does your class want to explore?
Different methods of collecting energy from the sun

What question or questions do you want answered by this science exploration?

e s there a solar collector design that is better than others?

e What is a parabolic solar collector?

e Should the path of the sun and angles also be considered when collecting solar energy?

Describe in general how your class will answer the question(s) or how your class will explore
this idea.

Perform research on different styles of solar collection units or find design plans for a para-
bolic solar collector. Construct a parabolic solar collector. Upon completion of its construction,
place it in the sun with a thermometer at its center, and every hour take a temperature read-
ing. Next place either a slice of hot dog, apple or a small marshmallow on a skewer and
cook it. Time the cooking process.

List step-by-step how you will answer the question(s).

e Upon completion of the parabolic solar collector construction, place it in the sun with a
thermometer at its center

e every hour take a temperature reading.

* Next place either a slice of hot dog, apple or a small marshmallow on a skewer and cook it.

e Time the cooking process.

Other suggestions might be fo:

® cook the same type of food at different times of the day, time the process and compare.

® Or develop a mechanism to angle the parabolic collector so that it follows the sun’s path
during the day giving maximum cooking temperature all day.
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Science Exploration Guidesheet

Parapolic Solar Collectors - KKey (continued)

5. List the materials you or your group will need to follow those steps.
 Directions: See section Student Handouts, Student Guidesheet: Constructing a Parabolic

Solar Collector

Parabola maker (see directions above)

graph paper

tape

heavy cardboard

aluminum foil

white glue

small nut and bolt

wood strips 3 = 5 cm wide, 50 — 100 cm long

6. What kind of observations will you make during this science exploration?
® How well cooked the food is
e The path the sun follows during this time of the year
e The angle of the collector to the sun’s path

7. What kind of measurements will you make during this science exploration?
e The angle of the collector to the sun’s path
e The temperature of the cooking area

8. On a separate sheet of paper create a chart which you will use to record your observations.

9. Record your observations and report your findings to the class.

10. At the end of the science exploration create a special report to give to the class. Follow the
form your teacher gives you.
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Science Exploration Guidesheet

Parapolic Solar Collectors - KKey (continued)

11. What did you learn from this science exploration?
® The parabolic design provides a greater and more concentrated heat source than other
methods
* Following the path of the sun maximizes the heat source

12. Does this lead you to any other questions? Write down one or two of your questions below.
® How has this design been applied in the real world
® Can a mathematical formula be devised that will compute and accurately predict the area
needed to concentrate heat to reach a certain temperature?
e Can this design be applied in space?



Science Exploration Guidesheet

Wavelength and Solar Cells - Key

Directions:  Decide how you and your partner or group will explore these science ideas by
answering each question below.

1. What science idea does your class want to explore?
The power output of different types of solar cells when exposed to different types of light.

2. What question or questions do you want answered by this science exploration?
e Do certain types of solar cells produce more power with certain types of light?
* Does the type of light being absorbed by solar cells affect their output?

3. Describe in general how your class will answer the question(s) or how your class will explore
this idea.
Take different types of solar cells and using the same watt light source pass the light through
various filters onto the solar cells and measure their output.

4. List step-by-step how you will answer the question(s).
e Set up solar cell with light source at an arbitrarily measured distance.
Set up filter holder
Attach wiring to voltmeter
Measure the voltage of the solar cell without a filter
Place each filter between the light source and the solar cell and measure the solar cell’s
output.
Record each measurement
e Plot the voltage versus wavelength on a graph or chart

5. List the materials you or your group will need to follow those steps.
e Various types of solar cells (silicon, cadmium sulfide, selenium, efc.)
e Voltmeter or multimeter (0-1 volt range)
® Incandescent lamp
e Different types (colors) of filters: blue, green, yellow, red, infrared, yellow-green infrared

blocking filter
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Science Exploration Guidesheet

Wavelength and Solar Cells - Key

10.

11.

12.

What kind of observations will you make during this science exploration?
e Color of filter (Determine its wavelength through research.)
® Monitor meter

What kind of measurements will you make during this science exploration?
e Voltage as measured on the meter

On a separate sheet of paper create a chart which you will use to record your observations.
This chart should compare voltage versus wavelength.

Record your observations and report your findings to the class.

At the end of the science exploration create a special report to give to the class. Follow the
form your teacher gives you.

What did you learn from this science exploration?

The spectral response of the solar cells varies with incident wavelength as well as due to the
nature of the cell. Because it is beyond the scope of this activity, we know that the response of
solar cells is zero beyond 12,000A. Because the absorption of the photons is too deep within
the cell, below about 4000A the absorption is too near the surface and response is nearly
zero. The optimum wavelength lies somewhere in between.

Does this lead you to any other questions? Write down one or two of your questions below.
*  Would space station solar cells need to be shielded with filters?

® Are certain types of solar cells or solar arrays better suited for different climates, geo-
graphic locations, latitudes or space?



Science Exploration Guidesheet

What+ | Can Do With Solar Energy - Key

Directions:  Decide how you and your partner or group will explore other ways solar energy
can be used by answering each question below.

1. What science idea does your class want explore?
Learn how solar cells work and how this technology can be used.

2. What question or questions do you want answered by this science exploration?
® How do solar cells change solar energy into electricity?
® How can solar cells be used to do work?

3. Describe in general how your class will answer the question(s) or explore this idea.
The class will research solar cells, observe how solar cells operate and can be used in ma-
chines. The class will then design a machine that uses solar cells to do work or power some
machine.

4. List step-by-step how you will answer the question(s).

Research information about the sun’s energy (radiant energy)
Research information about solar cells

List the many types of machines that solar cells could power
Draw a diagram for a solar powered machine

List the materials needed to make your solar powered machine
Gather the needed materials

Make your solar powered machine (prototype) and test it
Revise its design based upon fest

Present design to fellow students

5. List the materials you or your group will need to follow those steps.
Materials will vary based upon students’ designs.

6. What kind of observations will you make during this science exploration?
Students will observe how well their prototype operates checking ~ connections, angle of
cells to sun’s energy, efc.

7. What kind of measurements will you make during this science exploration?
Students will need to determine this based upon their product design.



Science Exploration Guidesheet

What | Can Do With Solar Energy - Key (continued)

8. On a separate sheet of paper create a chart which you will use to record your observations.
Students’ results will vary dependent upon their technological design.

9. Record your observations and report your findings to the class.

10. At the end of the science exploration create a special report to give to the class. Follow the
form your teacher gives you.

11. What did you learn from this science exploration?

Students should be able to articulate some of the following points:

e the design process for developing technological tools

e the process of evaluating a new technological design (prototype)
ways in which the sun’s energy can be harnessed

12. Does this lead you to any other questions? Write down one or two of your questions below.

e How are commercially-made solar machines constructed?
* In what other ways are solar powered machines used?

® How do scientists and researchers envision that solar powered machines will be used in our
future?



Science Exploration Guidesheet

Riding a Radio Wave - Key

Directions:  Decide how you and your partner or group will explore these science ideas by
answering each question below.

1. What science idea does your class want to explore?
The effects of solar energy within our atmosphere.

2. What question or questions do you want answered by this science exploration?
Does solar energy affect the radio signals we use?
Can we detect fluctuations in solar energy by monitoring a radio?

3. Describe in general how your class will answer the question(s) or how your class will explore
this idea.
Monitor a certain part of the AM radio band during the day and night time hours, then com-
pare the reception.

4. List step-by-step how you will answer the question(s).

Develop a rating system for rating the clarity and strength of a radio signal

Decide which part of the AM band will be monitored

Each hour of the day and night monitor the band and note the station’s call sign and name
Locate each signal’s source on a map and determine the distance from the area

Record the observations

Check a Web site that gives daily updates on solar energy activity and record the observa-
tions given there

Develop a graph or chart to organize the information collected

e Discuss and present the findings

5. List the materials you or your group will need to follow those steps.
* AM radio
e Observation chart
® Rating system
® Access fo the Internet

6. What kind of observations will you make during this science exploration?
e Strength and clarity of radio signals
e Solar energy fluctuations from scientists
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Science Exploration Guidesheet

Riding a Radio Wave - Key (continued)

7. What kind of measurements will you make during this science exploration?

Using our own rating scale we will rate the clarity and strength of radio signals

8. On a separate sheet of paper create a chart which you will use to record your observations.

See Student Handouts section for an example.

9. Record your observations and report your findings to the class.

Signals are clearer and stronger during daylight hours

Electrical storms cause sporadic static in reception

During the evening hours we receive increased number of radio signals from a farther
distance

We get more steady static during daylight hours

Manmade electrical disturbances might also be observed

10. At the end of the science exploration create a special report to give to the class. Follow the
form your teacher gives you.

1. What did you learn from this science exploration?

That solar energy does have an effect on the reception of radio signals
Fluctuations in solar energy can be observed by monitoring radio waves

2. Does this lead you to any other questions? Write down one or two of your questions below.

Does increased sunspot activity cause interference in radio waves?

Do other types of solar activity interfere with radio reception? If so, what kinds of solar
activity does so? (CMEs, efc.)

How do solar scientists monitor fluctuations in solar energy?
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Science Exploration Guidesheet

Magnetic Field - Key

Directions:  Decide how you and your partner or group will explore these science ideas by
answering each question below.

1. What science idea does your class want to explore?
The magnetosphere, how at the Earth’s magnetic lines of force act and what the Earth’s mag-
netic lines of force look like.

2. What question or questions do you want answered by this science exploration?
Can we construct a device that demonstrates how particles can be trapped in a magnetic

field?

3. Describe in general how your class will answer the question(s) or how your class will explore
this idea.
After performing some research on the magnetosphere we will construct a working model
using magnets.
htto://solar-center.stanford.edu/magnetism/beefields.html

4. List step-by-step how you will answer the question(s).
Step 1: Punch a small hole through the center of the Styrofoam ball (Do not make it over one-
quarter inch in diameter.)
Step 2: Feed the fine insulated wire through the hole forming continuous loops around the
Styrofoam ball. (Vary the size of the loops making some half of the ball’s diameter and some
twice the ball’s diameter.)

Step 3: Leave both ends of the wire free, extending about 6 inches from each pole. Remove
the insulation at each end of the wire.

Step 4: Attach 1.5 volt dry cell to the ends of the wire.
Step 5: Place this assembly on a large sheet of paper and sprinkle fine iron filings through the loops.
Step 6: Record and discuss your observations.

Step 7: Place a compass near the loops. Move the compass from pole to pole.

* -%-:?
Step 8: Record and discuss your observations. 3 1 ,::;(;\;
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Science Exploration Guidesheet

Magnetic Field - Key (continued)

5. List the materials you or your group will need to follow those steps.
e 3inch Styrofoam ball

20 ft. of fine insulated copper wire

1.5 volt dry cell

very fine iron filings

large sheet of paper

6. What kind of observations will you make during this science exploration?
We will observe how the iron filings react to the magnets and the reading on the compass

7. What kind of measurements will you make during this science exploration?
We will take various compass readings.



Science Exploration Guidesheet

Magnetic Field - Key (continued)

8. On a separate sheet of paper create a chart which you will use to record your observations.
Drawing will look something like what is found on this Web site

http://solar-center.stanford.edu/magnetism/beefields.html
9. Record your observations and report your findings to the class.

10. At the end of the science exploration create a special report to give to the class. Follow the
form your teacher gives you.

11. What did you learn from this science exploration?

The poles of the Earth actually act like a giant magnet.

12. Does this lead you to any other questions? Write down one or two of your questions below.

e What factors influence the Earth’s magnetism?
e Does the magnetic polls ever reverse?
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Grades 9 - 12

 Science Exploration Guidesheet
(Generic Guidesheet for use with all explorations)

e Student Guidesheet: Constructing a Parabolic Solar Collector
e Riding a Radio Wave: Observation Graph

e Career Exploration Guidesheet: Solar Scientist



Science Exploration Guidesheet

Science Exploration:

Directions:  Decide how you and your partner or group will explore these science ideas by
answering each question below.

1. What science idea does your class want to explore?

2. What question or questions do you want answered by this science exploration?

3. Describe in general how your class will answer the question(s) or how your class will explore
this idea.

4. Llist step-by-step how you will answer the question(s).

5. List the materials you or your group will need to follow those steps.

6. What kind of observations will you make during this science exploration?

7. What kind of measurements will you make during this science exploration?



Science Exploration Guidesheet

Science Exploration:

8. On a separate sheet of paper create a chart which you will use to record your observations.

9. Record your observations and report your findings to the class.

10. At the end of the science exploration create a special report to give to the class. Follow the
form your teacher gives you.

11. What did you learn from this science exploration?

12. Does this lead you to any other questions? Write down one or two of your questions below.



Science Exploration Guidesheet

Constructing a Parapolic Solar Collector

Introduction:

One method for collecting energy from the Sun is through the use of concentrating collectors.
Solar energy impingent on a large area is directed toward a small area where a given task is to
be performed. Depending upon the size of the collector and the area the solar energy is concen-
trated on, temperatures of up to several thousands of degrees can be reached.

Materials:

Parabola Maker (See Procedures, Part A)
Graph paper

Tape

Cardboard

Aluminum Foil

White glue

Small nut and bolt

Wood strips 3 to 5 cm wide, 50 to 100 cm long
Nails

Procedure:
Part A: Parabola Maker
1. Joint two thin strips of wood together with a small nut and bolt at one end.
2. Draw a straight line down the middle of the top strip.
3. Drill 1/8” holes through both strips at 1 cm intervals starting 10 cm from the nut and bolt.

4. Number the holes on each strip.

Part B: Drawing the Parabola
1. Tape several pieces of graph paper together and place on top of a sheet of cardboard.

2. Draw a straight line (base line) along one side of the graph paper and a perpendicular
line to that line through the middle of the paper.

3. Place a dot on the perpendicular line 20 cm from the base-line. This dot will be the focus
of the parabola.



Science Exploration Guidesheet

Constructing a Parapolic Solar Collector (continued)

Procedure:
Part B: Drawing the Parabola (continued)
4. Push a pin through the 40 cm mark of one strip of wood into the focus.

5. Slide the other strip of wood so that the 40 cm mark touches the baseline and so that the
edge of this strip is parallel to the perpendicular line.
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6. Apply pressure to the nut and bolt. The dent in paper will be one point of the parabola.
Darken this point.

7. Repeat procedure 3 through 6 for all the other holes in the wood strips. Do this on one
side of the perpendicular line only.

8. Connect all the dots with a smooth line. (A french curve used in drafting is very useful
here).

9. Trace the curve onto the other side of the perpendicular line. The parabola is now com-
plete.

10. Draw other parabolas by changing the distance of the focus from the baseline. e

-
-
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Science Exploration Guidesheet

Constructing a Parapolic Solar Collector (continued)

Procedure:
Part C: Making the collector

1.

Select a parabolic curve that is relatively flat and 50 to 70 cm in diameter.

2. Transfer the parabola to cardboard with the ribs of the cardboard running perpendicular

to the curve.

3. Cut out several pieces of cardboard with the same curve. The collector may be either

trough-shaped or round.

Intersect the necessary pieces of cardboard and support the edges with more cardboard.

Glue.
Bond aluminum foil on additional cardboard with glue.

Cut and fold the foil-covered cardboard to fit into the parabola. Round collectors need pie
shaped pieces joined together.

Push nails through the foil-covered cardboard into the ribs of the cardboard frame. Bond
with glue.

CAUTION: Do not place hands or clothes at the focal point. Serious injury may result.



Science Exploration Guidesheet

Riding a Radio Wave: Opservation Graph

Directions:  For each observation time note each station that is received while scanning your
assigned section of the AM band (call sign and dial number). Then rate each
station’s reception in terms of clarity and strength by placing an appropriate mark
on the graph below. Note any observations as indicated.

BAND #:
Call signs:
Location:
Distance:

Date: Time:

Observations

Weather Conditions:

Solar Conditions:

Other Observations:

¥0



Career Explorarion Guidesheet

Solar Scientist

Directions:  After listening to the broadcast or visiting the Web site to learn about the work of a
solar scientist, answer the questions below.

1. Tell about one thing you are good at that a solar scientist needs to know how to do.

2. Tell one thing about what a solar scientist does that you think is interesting. Explain why that is
interesting fo you.

3. If you were a solar scientist what would you want to learn more about?

4. If you could ask the solar scientist one question about his/her job, what would you want to
know?
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Appendix

Solar Glossary

coronal mass ejection (CME)

magnetic field lines

magnetic north

magnetosphere

radiation

solar

solar energy

solar flares

sunspots

bubble-shaped disturbances that rise above active sunspot
regions and send expanding plasma clouds that move rapidly
through space

the phenomenon of magnetism where electrically charged
particles tend to become attached o field lines and spiral
around them while sliding along them. These lines of force
come together where the field lines are magnetically strong
and spread out where the magnetic force is weaker.

the direction toward which the compass needle points
indicating north

Located 60 miles above the Earth’s surface where the earth’s
magpnetic lines of force flow

electromagnetic waves that are emitted by the sun

having to do with the sun

energy converted from the sun

tremendous eruptions from sunspots that quickly release
magnetic energy into space

huge regions in the sun’s atmosphere of magnetic fields that
slow the flow of heat from the sun’s interior

-
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Appendix

Wep Work

The following Web sites can be used for additional student activities and for student research.

http://solar-center.stanford.edu/magnetism
Magnetism and sun activity

hitp://solar-center.stanford.edu/magnetism/beefields.html

Contains an applet simulating the earth’s magnetic field
http://www.star.le.ac.uk/edu/planets/sun.html

A concise overview about the sun: composition, solar eclipse, solar wind.

http://image. SFC.HGSO. ov/ poet

Lots of good information and plenty of links along with interesting student activities.

http://www.rt66.com/r.bahm

Basic introduction to solar energy on this commercial site. It briefly explains the state of solar
energy today, future applications and challenges of design. Includes a United States map depict-
ing the annual daily total horizontal solar radiation.

http://www.pvpower.com

Large, interesting resource site about photovoltaics: history, technology, applications and other
information.

http://solarcooking.or

Great site with lots of good resource information on solar cooking. Check out the FAQ sub-
section, interesting history of solar cooking, the Plans section and the Multimedia section.

-
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Appendix

Wep Work (continued)

The following Web sites can be used for additional student activities and for student research.

http://helios.gsfc.nasa.gov

Cosmic and Heliospheric Learning Center NASA/GSFC. Covers the basics of Astrophysics at a
challenging level (composition/elements, energetic particles, acceleration, magnetic fields, cosmic
rays and an informative write-up about the heliosphere.

http://wekngdc.noaa.qgov/st

This Web site gives sunspot counts as part of its daily solar activity observations.

http:/ /www.set.noaa.qov/today.html

This Web site gives the space weather forecast that includes solar activity.

45



Appendix

NASA Educational Topics
The following pages provide you and your students with NASA Educational Topics. These can be
printed and freely distributed to your students for classroom use.

e Pioneer 11 Provides New Data about the Sun’s Magnetic Field

e Concentrated Sunlight: A Way to Increase the Power of Microwaves?

e A Simple Device to Measure Solar Radiation

Please Note:  The following pages will not appear properly in PDF format, but will
print clearly.
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ricr awiees. Fadar. and rasha waees? How is
mach genaratec ? Which represenis the greal-
esh energy”™ the Inast?

. What 1= meant by a sugercondochard Weat

candit ons are necessary? WWnat konds of me-
lzrinls can funclaor as supercorduciors?

. WhaET is the twmparature ol Livie hehom®

Fow is il prodyecec? gontained™

. Wihal g eant by 1he followsng tenry adiabat-

18, @alhe vl Beltrmann-Enranfes! thisgrem,
tado [recuansy Ccel, cryogenmas?

MNates, Pelarencas, and Bibliegraphy

2,
3

MAZA Tee- Briefs. viol & Mo, 3 Fall 1877,

p. 524,

A rnagnelren 5 a0 alecron fube osee 3E an
caoillator in Meeraaye fransnmliers

Twe fact that su-hgat can exare a frrse iy dis-
russad 0 the PEEC Physics Tilm erhidlen " The:
Praeseare ol L gRt’

. Far dscussions of m crowive genasahcn,

cansull i referenoce wark oo clactromcs.

. Far iscussions of supercandus livity, consul

racent colliys lewel physics teel loaks
Referenced NASS suolications 1kal are un-
aualleble 1-am woaur Libra~y may be calpined
by them cronenel brary loan frore a herary
which is & repos Iy for U S, govers muen
gk ications



An Educadional Fuklication
oi the

Mational Aeronautiss and
Spdce Administranicn

Grade: B-12

—ducational Topics

Sublact Genasal ecience physios. environmental science. industriel erlz

Topic: Engrgy Measure mint

A Simple Device to Measure Solar Radiation

Could yoo mediure tha intensity ol radialion from
tre Sua? You prabably recall that ficat can be
irangierrec by conduci:on, canwection. and radi-
ation; rawaver, igalating radietion frcarn 1hs b
ComMERnans lar saparate measyrement can be
difficult. Carmples instruments are aften used for
ths purpoge, but William A Huraphries of NASS =
hdarshail 3pace Flght Certer A% invented a

5 mple ard depengdih's dewvica.*

This davica, shawn .o tha Figue 5 ines pensive
and cn meazure tha miengity of eizner salar ra-
digiion or the radalien from octrer BRe gy S0 rcas
suc- gs furnaces o Jyens [ congists ol a can-
venuanal {mermometer 1hat -4 naarly iso'gted Ircn
I e*fecis of convechvd: 4-4 conduciwe haar
1-angler te os fram its susroundings. There'ore, s
fempe-aturl Dhguic revel] 14 dergrminas mainly by
ire amaounl ol radiation it absores or emits radi-
auwa nea: ransherl The instrumeant's rgading
capencs o thae surraunding (ambiant) 12mper-
wre i g way whenh g predictable and wh.ah zgn
be zorracied by prrac- caikrazion

Construction

Tre thermc-neters is ancesed In &an Eudcyihad
trarspaceal glass o olastic jackel bnigalale i
from s susreur:d ngs The tRermam grer resgraoir
must ke spPencal a order Fo Sxpoge an un-
changi~g surfags arca k3 the 5.0 as 10 Maves
across the sky. Thus the caliora! on cu~ve foa
green ambient tEmpeature can be used al BNy
lime ol day on any day ol the werar

Ary hguid can be used wluch neither frapzes
nc By At 108 comoned radhant Shgrgy intan-
shes and a:nbien: temperafuraes s wingh 1the
dew o @ exposed For ire normel range of con-
dons encourlored in the WUnitad Etates morcury
5.3 goac chmoe.

Tha capillany star1 rust Be IKag encugn 1o ac-
commicdate the anticipated exgansn:n of B
Hnquic. Far sxkample, me-cury or g eap-ltary 9 13
mir [(2.005 ir) n diameter end a 3.28 ¢en 20 20 inT
reserycr wiil r 56 15 om (6 n) as te radiatign
irtansity irgredsgs from zerp to 249 calfeed w2
1342 hi'ojaulessses: miar 330 Btusrr ft7. the masi-
rurn salar intens ly axpectad ic the United Stetes.

The instrument mgunting 15 coatad with a fiat
(10w ri'lectivity) oeint &c: tha) it does nat rafract
radatign into the reservors. During wse (R reser-
vl 15 axpaosed to the Sumg raps, Bul il iy Ba
nacazsary ko snield tha cap-llary.

1.

Aahepiaclive
Coali-g

Fiqahgn

r Inte-a 1w
Cal-ras h

hTagh gl
Troaunu—glar
e s

. Cap il
- “ula
Vezu.=
Jarke

Py
1 e .'L""""r-. Apmarcn
u Ayayranr

L

Figurs. Iraycgetins madlalion tarmomabar whiek canskieg o u
cagiliey fule nd ressedmir im & LM [aeHE mide By
wchrguen slmiior Lo ihass ussd bar mpngissnming seciric
lighi Eulhe. Madurlion Inbanaily weluds shawn grs cnly
aporazimata.

Operation

Whe 1te langth al the higgic selumn in the capil-
lary remans unchanged e device is sdid 1o
aimbit stwady-sfate” operanan Durng steedy
staie. tha amganl of thermal [heat] encrgy antar-
ing the davigg 15 BQuUa 10 the 3 hiaunl lEaasing i
Tre enlerng amount cepends ar e selar radi-
ation mensity and such prooerties 8% [ trams-
mittance of the gliss walls of the reservgir. Tha
amoaurt which leaves id detormingd by the
lemparatura ditferenge bihstien tna regensor
And the cutside air. and the radialive properhies
al fha resaoeair

This barance of radiant energiés allaws the safar
1vtangily to detarmine the resersolr te Mgarature
which, im fume, determiresd the vely ma T 1me ligud
whigh eapards inlo the capitlary.

For typical salar indensities. iha reservair bam-
parature is coniidarably highar than tha outside
Air and the eflect of thea ambien! lemperatvre 14
ralatively amall. For greécise measurements. how-
£var, d calibration curee anaolg B used w hickh




giveas 1he arror cavasd by ambient temperature
edlects. For 1his purocea. a convertional {hars
marneler should be moonted nearby and shaded
from d.rect sunlighd.

W far convenance, thd davice 13 1o be read
fram 4 remole lacation, an electneal Qutput can
be derividd Frpm tha wBry g resiatenee, capac-
tance, ar pressyrg of the mergcuny calumn.

MASA holds Ihg patent far this i nventian: how-
evEr, it may B iird for educaiicnal urposes.
For inguiriga conce rming comeearcial uae, wrile 10
e WARS Patem Counsal,®

Aciivilias

1. Construct 8 dev.ze la measare sdar radatiyn,
Obtain & glass tube whickos longer than the
{hermometer. Soar one end and magnt 1he
{rarm omeater it The center af the tube The tube
rmay ba avacuated anc sealed.?

A 0360 S thizrmometes should b long encaty b
far all mees.rements. If & maroury tharmom-
gtes with 2 sphencil bulk is not avanlabla
ona walh {ha standard cylindrical bult <80 he
naed. in rhe case ol a cylindncal resenioer
aither medsure ke solar radialicn while main-
1aining a cangtani solar amgle, or calibrale ire
cev.ca for B rangs af scler angles

2. Cahbrile 1ha devicn

A Use the dewvice at a Spacfic 1o lion onyour
somoal reaf, oron fient of your schael, home,
atc. How dees tha salar radhon intansity viry
during the ¢ay? dunng tha vear? with inin
clouds? awer diflerant surfacas?

Studant Quesiions

1. Oirscribe somde instruments which are vsen o
rresdsy ra radanl grasgy o solar rad. ahon. What

are {kenr simrlarities and differenses? What are
the unita of measurement?

2. Why is il imporant to ke able to measure sofar
radiation accuraiely? Wren were tha first such
measzureriznte made? by whom? wharg?

3 How might the amount of solar radiant energy
ghez] the Cesign of 3 Aaw Rame or building?

Moles, Aaforencas, and Billography

1. NASA Teeh Brisls. Wil 2. Mo, 4, Winter 1977,
pp 4834,

2. HASA invention: are available Lar sitner esxglu-
giva or nan-gssiusive commearcal licenaing

Man-exclugive licamaes for comenreial uge sra
encauraged by NASS 1) promote compediticn
And to Bchieen the widest use af inventicns
Sugh ficenses mus be wvsid by B Aggotiated
rarpel date, bul gra vaually freae of Foyalty

Exclusive lIcensas may b granced 4o en-
Ccourfge eany commercdl developerant of
NASA invenhong. aspeciplly when congider-
aple prosate cagityl irvestetant ia reg.irad,
Such granis are gonerally for a periog 4 five
to ter yedrs and uswally regoee royeligs
bazed oh Silas of usd

Far infocredticn conggming s solar radiation
Jdgrige. writa tha Patest Coansel Man Code
LCO 1, MASA Marshall Space Flight Center,
AL 35812 jrefer to MES.23751)

A, Consult a standard refercnee wivk on goass
warking 1echnigues.

4 Refersnoced MASA publicalicng thal are
unavalabla frem your hbeary may Be abtaned
by them gn imerslibrary loan from a8 library
which 1= & rgpoziary for U3 governmant
aunlications.



