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The Sun-Earth Connection Overview

Brrrrrrring-Brrrrrrrrring! Brerrrrring-Brrerrrrrrring!

7:00 am. My aarm clock rings, and | groggily fumble for the off button. | stumble downstairs
to the bathroom where | turn on the shower and hop in. Ow, ow! | got soap in my eyes. |
quickly flush them out with water. | get out of the shower and brush my teeth. My clear blue
toothbrush reminds me of the lake when it is sunny. That makes me smile. | go back to my
room to get dressed. | turn on the television and watch the weather report. It lookslikeit's
going to be mostly sunny with a cool breeze from the northwest. | quickly throw on some shorts,
at-shirt and sandals. It will be agorgeousday! | go downstairs and have a bowl of cereal for
breakfast. After | eat, | put the dishesin the sink and pick up my sunglasses and head for the
door. The sun hits my face as| open the front door, and | realize what an extraordinary effect the
Sun hason my life...

Every morning | know that it istime to get up because we base our calendars and clocks
on the motion of the Earth around the Sun. | can shower and brush my teeth because the Earth is
just the right distance from the Sun for it to have liquid water. | have atoothbrush because
energy from the Sun was used by plants millions of years ago to grow, and when they died their
remains became materials that we can turn into plastics. | can know how to dress properly for
my day because people have studied patterns between the Earth and Sun and can make
predictions about the weather. | have food to eat because plants have turned energy from the Sun
into grains and vegetables, which other animalsand | can eat. | can enjoy the energy from the
Sun instead of hide from it, because oxygen from plants reacted with ultraviolet radiation from
the Sun to create an ozone layer. The ozone layer protects my delicate skin from harmful
ultraviolet light, which otherwise would burn me. Not only does the Sun affect my mood and
how | dress but many other aspects of my morning aswell. If it were not for the Sun, my
morning would have been very different indeed.

The Sun provides our planet with the energy it needsto live. Plants need the Sun’s
energy to grow, and we need plants to produce food and oxygen. Beyond basic needs, there are
many ways in which people rely upon the Sun. This guide leads its participants on a journey
from the Sun to the Earth through the perspectives of many different people. It focuses on
identification of ways the Sun impacts everyday life on Earth. From a solar scientist to a doctor,
the activities ask students to take on various roles and decide why the Sun would be important to
that individual. Throughout this entire project, students should think about why the Sun would be
especially important to people in different roles. At the conclusion of the suggested activities,
students will be asked to consider arole of their choice. They will explore the Sun through a
perspective and explain what aspects of the Sun are important to that role. Some students may
even choose to explore the Sun through their own perspective since, after all, no two people see
things in exactly the same way.

The following materials have been compiled by the Education Department of the Adler
Planetarium & Astronomy Museum, as a supplemental teaching resource for exploring the topic
of The Sun-Earth Connection. Itisintended for grades 5 through 8. The activities and guiding
guestions serve as a starting point for integrated lesson plans that culminate in a project in which
each student tracks the Sun from a particular perspective. The materials were created to serve as
meaningful activities that promote the success of science learning through interdisciplinary
approaches within the classroom. They have been associated with National and State L earning
Standards. Content background isincluded as aresource for educators. As part of Adler
Planetarium & Astronomy Museum'’ s thematic approach to education, these activities also
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connect with programs throughout the Museum, including the interactive Star Rider™
presentation Solar Sorms.

Please note: This manual is a guide intended for adaptation to individual teaching styles
and student needs. To further support educators, there is an annotated resource list from which to
gain more information and lesson plans. We encourage you to share any additional |essons and
ideas with your colleagues.
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Teacher Mission

Y ou have taken on the challenge of managing the creation of avirtual museum gallery,
which will be linked to the Adler Planetarium & Astronomy museum’s Cyberspace Gallery.

Y our students' work will be viewable by visitorsto the Adler Planetarium. No one understands
better than a teacher how people learn successfully in avariety of ways. Because the audience
of the virtual museum will be so broad, you are expected to have your students contribute
projects from differing perspectives. In doing so, the students will become teachers.

Asaproject director for the displaysin our virtual gallery, you will have a number of
responsibilities. The project set before you cannot be completed without your complete
participation. This means that you must participate fully in all professional development days.

Y ou are responsible for the planning and implementation of The Sun-Earth Connection themein

your classroom and expanding upon it. You will be asked to share with your fellow co-directors

an interdisciplinary lesson plan you have created to enhance and expand upon the ideas presented
in this guide.

Y ou will find that communication with fellow participants may enhance your teaching
and igniteideas for your class. Because of this, you are expected to participate in our listserv. In
addition to communicating with other teachers, you are responsible for maintaining your
students’ electronic interactions with other students from participating classes. There are
approximately 1800 students who are working towards becoming Adler Sun-Trackers, and we
are able to provide a unique opportunity for students to share learning with others outside of their
classrooms. Because of the high numbers of students who will be commenting on projects and
creating electronic displays, you are responsible for monitoring the quality of work they display
on the electronic space. You will have the ability to approve or delete any work as you seefit.
We will provide the support and direction for administering the on-line component of this
project.

At the conclusion of this mission, upon completion of student projects and successful
display of all projects on the Astronomy Connections web-space in rough and final draft form,
you will be asked to evaluate yourself and your class. You will be asked to reflect upon your
learning and students' learning, as well as evaluate the Astronomy Connections program. We
hope that the mission set before you is an exciting and fulfilling journey, for both you and your
students.
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Student Mission

Y our mission isto become an Adler Sun-Tracker. Asan Adler Sun-Tracker, you will
play apart in the design and creation of avirtual museum. Y ou, along with students from atotal
of 60 classrooms, are to develop a project and upload it on the Adler Planetarium & Astronomy
Museum’ s Astronomy Connections Website. The project you create will be one of the exhibits
of the Adler Planetarium & Astronomy Museum. Y ou will develop your project by studying
various ways the Sun affects Earth.

The Sun has many obvious and less obvious effects on Earth. Asan Adler Sun-Tracker,
you will explore many perceptions of the Sun. To begin your mission, you will first explore
your own perception of the Sun by identifying what you already know about the Sun and how
the Sun affects you.

Asyou think of the ways the Sun affects you, you may realize that there are many ways
to consider the Sun. In fact, you will learn more about the Sun by examining different waysit is
viewed and valued by different kinds of people. Asan Adler Sun-Tracker, you will recognize
which information about the Sun isimportant to a Solar Scientist, Art Historian, Meteorologist,
Environmentalist, and a Doctor.

By examining these perspectives on the Sun, you will discover just how vast the Sun's
effect isupon us. From your increased insight, you will then choose a perspective to explore
further. Y our exploration will include:

» tracking some aspect of the Sun for some period of time (five daysto severd
years depending upon the perspective you choose),

» researching the aspect of the Sun you are tracking to provide support information
for your project,

» recording your findings,

» anayzing your data, and

* creating aproject that demonstrates, expresses, or represent what you know about
the Sun.

Keep in mind that your project will be an exhibit in avirtual museum and will be seen by
visitors to the Adler Planetarium & Astronomy Museum. Y our project will be alearning tool for
other students and teachers as well.

Furthermore, you will use your knowledge of the Sun to critique other students' projects.
Y ou will provide advice and comments that are specific to questions that each student asks. You
will a'so come up with questions about your project for other students to answer that you think
will help you with the final version.

To summarize, there are five steps to be a successful Adler Sun-Tracker.

1. ldentify how the Sun affects you.

2. Gain new insight; explore the Sun from the perspectives of a Solar Scientist, Art

Historian, Meteorologist, Environmentalist, and Doctor.

3. Choose one of the above, or a come up with a different perspective to research and

track the Sun.

4. Anayze your data and create a project.

5. Critique other students' projects and formulate questions for other students to critique

your project.

Good luck and happy Sun tracking!
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22.C.3a ldentify potential environmental conditions that may affect the health of the local
community (e.g., pollution, land fill, lead-based paint).
Activity: Solar Cars
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Guiding Questions

This section includes questions to guide an inquiry-based approach to exploring the Sun-
Earth Connection. These questions focus on the main concepts of the Sun-Earth Connection that
are key to understanding the Sun’s structure, cycle, energy, and major impacts on Earth. Each
guestion has a brief description of the suggested activities designed to explore each guiding
guestion.

“What doesthe Sun-Earth Connection mean to...

1. Me?

Students will explore their ideas about the Sun-Earth Connection through reflective activities.
These early ideas can be compared to their evolving understanding throughout the unit and to
their understanding expressed by their culminating project.

2. A Solar Scientist?”
Students will observe and explore the basic structure and processes of the Sun and itsinteraction
with the Earth.

3. An Art Historian?’

Students will utilize technology to navigate the World Wide Web, exploring definitions of
pigment color and light color, while critiquing awork of art from the Adler Planetarium
collection and possibly creating works of their own. They will explore the importance of the Sun
to various cultures, comparing and writing myths of Sun gods.

4. A Meteorologist?”

Students will study the motions of the Earth and the emission of visible light and particles from
the Sun. Phenomena such as the Earth’ s rotation and revolution around the Sun, seasons, the
solar cycle, eclipses, solar storms, and their impacts on Earth will be explored.

5. An Environmentalist?’

Students will examine the effects of the Sun’s energy on the Earth. Through experimentation,
they will determine the importance of aternative energy sources such as solar cars and solar
ovens. They will also gain an understanding of systems that exist in the Earth’ s environments
and the importance of the Sun’simpact on the individual parts that make up the whole system.

6. A Doctor ?”

Through experimentation and observations, students will explore the harmful and beneficial
effects the Sun contributes to human health. They will closely examine the effects of ultraviolet
light and diagnose a variety of case studies on-line to determine what effects the Sun has had on
various patients.

7. ?” (you fill it in)

For their final project, students will track an interaction between the Sun and the Earth for some
period of time (five days to several years). They will communicate their findings through a
perspective that is meaningful to them, through illustration and/or scientific or creative writing.
These descriptions and projects will then be displays in an electronic format for an on-line
gdlery.
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“What does the Sun-Earth Connection mean to...
1. Me?”

This guide begins with this basic question to deter mine what students think about
when they hear theterm “ Sun-Earth Connection” (SEC). How do they rely on the Sun?
What inter actions between the Sun and Earth can they identify?

Thisguiding question is designed as a launching pad to prepare studentsfor further
examination of what the Sun-Earth Connection meansto themselves and others. Through
these activities, studentswill ultimately gain a broad under standing of the Sun-Earth
Connection and its many crucial influences on Earth.

Suggested Activities:

o What does Sun-Earth Connection mean to..?
Lesson plan included

o My day with the Sun
Lesson plan included
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Titlee What does the Sun-Earth Connection mean to..?

Pur pose: L=
Students will begin thinking from perspectives other than their own. To focus

their thinking, they will brainstorm reasons the Sun isimportant to different people. They will
need to think of resources each person relies upon, what those people actually do, and how the
Sun may affect those actions.

Objectives:

» Studentswill be able to explore their knowledge of the Sun-Earth Connection and define
what it means to them.

» Studentswill be able to identify ways the Sun influences different people.

| ntended Audience:
5" 8" Grade

Approximate Time:
30-40 minutes

Materials:
1 Activity Sheet per student

Procedure:

1. Have students brainstorm, as a class, ways the Sun affects their daily lives.

2. Have each student independently fill out the worksheet.

3. Discuss possibilities/ reasonsin small groups, or share ideas with whole class.

Explanation:

Students may suggest reasons such as:

Dentist:

Dentists are concerned with teeth, which are affected by the food we eat. It isimportant to
understand how plants and animals that we eat interact with the composition of our teeth. A
basic understanding of the plants and animals connects to the energy they receive from the Sun
and each other.

Lifeguard:

A lifeguard spends most of the day outside during the hottest times of the day and during the
hottest times of the year. Students may relate the seasons to the Sun, as well as the time of the
day that receives the most direct sunlight. Students might identify the importance of using
sunscreen to protect them from UV light--the part of the Sun’s light energy that burns their skin.
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Flower shop owner:

People who build their livelihood upon plants need to understand the process of photosynthesis.
Plants use the Sun’s energy to produce their food and oxygen. They need to understand the
temperatures and care plants need in order to continue to live. Some plants require more sunlight
than others. They also need to understand the importance of lack of sunlight at night, so plants
have an opportunity to respire.

Musician:

Many cultures use the Sun as atopic of inspiration. Music isameans for communicating these
ideas. Lyrics of songs throughout history have centered around or made references to the Sun.
Students may list some of their favorite songs about the Sun.

A newsreporter:

Students can vary suggestions for this perspective. Topics range from natural phenomena such
as eclipses to sunshine delays during rush hour. Students may incorporate weather reports and
predictions of weather in the upcoming week. Students may even identify cases of death due to
warm weather and pollution levels.

Travel Agent:

When people travel, they like to plan ahead for weather conditions. If people want to ski, they
probably should not go to Floridain December. Travel agents need to be aware of geographical
environments and the seasons taking place during times of travel. They should also be able to
advise people what to bring and what to wear.

Closure:

1. Have students share their ideas.

2. Discussthe fact that the activities following will be looking at the Sun-Earth Connection
through other “eyes.”

3. Ask studentsto keep all these roles in mind because they will be taking on arole to complete
their “Mission” or final project.

Evaluation:
Y ou may collect their worksheets to eval uate the thinking behind their ideas.
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What doesthe Sun-Earth Connection mean to...

A dentist?

/&\3_’)—

A lifeguard?

A flower shop owner?

A musician?

A newsreporter?

A travel agent?

You?
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Title: My Day with the Sun

Purpose:

Students will make connections between their daily activities and the _ 4}\ I

important role the Sun playsin those activities. -

Objectives:

» Studentswill be able to explore their knowledge of the Sun-Earth Connection and define
what it means to them.

» Studentswill be able to identify how the Sun affects their daily activities.

| ntended Audience:
5" 8" Grade

Time Required:
30-45 minutes

Materials:
1 Activity Sheet per student

Background infor mation:

The energy from the Sun drives Earth’ s climatic and ecological cycles. Thereisan
energy cycle, amatter cycle, and alifecycle. Energy in thissystemisnever lost. Matter is
aways reused, and life is interdependent on the microsystems within the Sun-Earth system. This
activity isintended to begin students’ reflection on the relationship between the energy in the
Sun-Earth system by asking students to analyze their daily tasks and determine why they are able
to do the things they do. For example, students may begin to think about why they can wash
their hair with shampoo, and hopefully be able to determine that because of the Sun’s energy, the
productsin their shampoo were able to grow, allowing shampoo to be made. See Overview for
example of the types of activities students may relate to the Sun.

Procedure:

1. Have students create a schedule of part of their day, including at least ten different activities
of their day.

2. Have students brainstorm and record electronically activities on which they believe the Sun
has influence, and how.

3. Have students share some of their ideas with the rest of the class.

Closure:

1. Have students share their ideas.

2. Discussthe fact that the activities following will be looking at the Sun-Earth Connection
through other “eyes.”

3. Ask studentsto keep all these roles in mind because they will be taking on arole to complete
their “Mission” or final project.
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Evaluation:
This lesson should be used as a baseline measure to be compared with the understanding and
levels of sophistication demonstrated in the students' projects at the end of the unit.
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“What does the Sun-Earth Connection mean to...

A Solar Scientist?”

Therole of the Solar Scientist is one of the most important in understanding the

structure and processes of the Sun. From the perspective of a solar scientist, students can
experiment, hypothesize, observe, collect data, and draw conclusions about the processes
of the Sun, after studying the structure of the Sun. Students will examine the Sunin
various wavelengths of light, and act as solar scientists by identifying characteristics of
the Sun using their knowledge of the parts of the Sun.

Suggested Activities:

Q

©Adler Planetarium & Astronomy Museum . Astronomy Connections. Sun-Earth Connection
2001-2002 School Y ear ‘ N

Features of the Sun- Solarscapes. Sunspots and Rotation
http://www.spacesci ence.org/Educati on/CurriculumDevel opment/Sol arscapes/

Bumble Rumble: The Journey of a Photon
Lesson plan included

Rotation of the Sun: Solarscapes. Sunspots and Rotation
http: //www.spacesci ence.or g/Education/CurriculumDevel opment/Sol ar scapes/1.
html

Measuring Solar Activity
http://solar/physics.montana.edu/Y POP/Classroom/L essons/Cycles/

Bottle Magnetometer
http://image.gsfc.nasa.gov/poetry/wor kbook/page9.html
Tips for implementing original lesson plan included

The Missing Magnet
Lesson plan included

You Really Can Learn by Watching TV!
Lesson plan included

Savage Sun
Video included
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Titlee Bumble Rumble: The Journey of a Photon
Adapted from Modeling Energy Outflow in Stars by Michael Zeilik

Purpose:

To model energy outflow in stars by observing and timing how a bumble ball
travels from the center of acircle to outside that circle, which represents the edge
of the Radiative Zone.

Objectives:

» Studentswill be able to identify the Sun's layers and some basic processes that occur
in them (fusion, energy transfer, etc.)

» Studentswill be able to describe photons as packets of light that are produced in the
Sun’s core.

| ntended Audience:
58" Grade

Time Required:
Variable, 60-180 minutes

Materials:

1 Bumble Ball (Can be done with one but may be easier with afew)
1 Data Table per student (found at the end of this |esson)

Sidewalk chalk or masking tape

String

Stopwatch

Clear area at least 6 metersin diameter

Transparency showing the Sun’s layers

Overhead projector

Background Information:

In the core, or the center, of the Sun a process called nuclear fusion occurs.
Nuclear fusion is the bringing together of atomsto form heavier atoms, resulting in a
release of energy. Thisenergy isreleased in the form of photons. Photons can best be
described as packets of light, or clumps of energy. The energy produced in the Sun’s core
is carried outward by photons. Photons of all energy levels of the Electromagnetic
Spectrum are released from the Sun’ s surface. For example, our eyes use visible light
photonsto see. Originally, the energy is created as gamma ray photonsin the Sun’s core
and then later transformed to photons of other energy levels along their journey from the
center of the Sun’s core. Photons travel at the speed of light (186, 000 mi/sec). Photons
move very fast, but in the dense core of the Sun their progress isimpeded by constant
collisions with other photons, atoms, etc., which cause them to move in random
directions. Thus, photons take along time to exit the Sun’s core. Photons start out with
very short wavelengths, as gammarays, and lose energy from these collisions. The
photons share their energy with the atoms they collide with; these collisions are what
keep the Sun hot. The random motion of photonsin the Sun’s core can be simulated by a
jiggling Bumble Ball. Every time the Bumble Ball hits the floor and changes
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direction, imagine that it's a photon hitting a particle in the interior of the Sun. (Because
thisisa 2D demo, the floor hasto play thisrole).

After the core and the Radiative Zone, which make up the inner 70 percent of the
Sun, the next layer of the sun isthe Convective Zone, which is the final 30 percent of the
Sun'sradius. The Convective Zone is dominated by currents that carry the energy
outward to the surface. These convection currents are rising movements of hot gas next to
falling movements of cool gas. The convection currents carry photons outward to the
surface faster than the radiative transfer that occurs in the core and Radiative Zone.

Once photons reach the surface of the Sun, they are free to head out into space,
where there are many fewer particles with which to collide. We are constantly being
bombarded by photons (trillions every second), some of which hit our eyes, causing an
electrical signal in our brains that we recognize aslight.

Preparation:

*  Depending upon how much time and space you have, you may either break up
students into groups and have each conduct this experiment with a circle of a different
radius, or you may want to do thisin one big group.

*  Whether all of these trials for this demonstration are conducted as one group, or
broken up among smaller groups, each of the following trials should be performed:

20-30 trialswith a.5 meter radius circle,

20-30 trialswith a 1 meter radius circle,

20-30 trialswith a 1.5 meter radius circle,

20 or so trialswith a2 meter radius circle, and

20 trials of a 2.5 meter radius circle (if you have time and space).

» Foreachcircle
» Measure a piece of string to the length of the radius of the circle.

» Useeadly erased chalk to draw acircle of that radius on the floor. (Thisworks
very well on carpet and probably most linoleum flooring, it also comes up easily
with avacuum or wet cloth.)

VVVYVY

» Hold one end of the string firmly to the ground.

» Pull the string taught and hold the chalk at the other end of the string.

» Using thefirst end of the string as the pivot point, and the other end of the string
as the guide for the chalk, draw acircle with the chalk on the ground. Y ou may
also use tape or string to mark the edge of the circle. To draw circles of larger
radii, this may be more easily done with two people, one to hold the string at the
center and one to draw the circle.

Procedure:

1. Explain the basics of how the sun works, and what a photon is (see background
section).

2. Explain that the Bumble Ball represents a photon.

3. Ask students to make a prediction about how long it takes for a photon produced in
the Sun’s core to reach its surface. Ask students why they think this might take the
amount of time that they predicted.

4. Tell the students that they are going to simulate photons traveling from the center of
the core to the beginning of the Convective Zone of the Sun, and discover the
relationship between the size of the core and the time it takes photons to exit.
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5. Tél the students that the circle represents the core and Radiative Zone of the Sun.

Show these to the students on the transparency of the Sun.

Place aBumble Ball in the center of the circle.

Coordinate the Bumble Ball’ s release with the starting of a stopwatch.

Time the bumble ball asit travels until it exitsthe circle.

Have students record the results on the Data Table and begin again. There should be

high variation in times, especialy in the smaller circles, so it isimportant to do many

trials.

10. Have students make observations about the movement of the Bumble Ball (Isthere a
pattern? Does it seem random? How does bouncing on the floor affect the movement
of the ball?). Y ou may want to discuss with older students whether this motion is
truly random at all.

11. Have students use the data that they collected on their Data Tablesto calculate
averages for the times to exit from each diameter circle.

12. Depending upon the level of your students, have them create graphs of the diameter
versus the average timeto exit. Thisismost easily done on a computer graphing
program like the Chart option in AppleWorks or Excel.

13. For very advanced middle school students or high school students, you may want to
have them guess or deduce the relationship between the radius of the “core” and the
exit time. At thevery least, they should note that the relationship is not linear
(meaning that the average time to exit the circle increases proportionally with the
increased radius.) The bigger the core, the longer it takes the photon to exit.

©oONO®

Closure:

1. Refer to the Sun transparency and discuss the layers of the Sun with the students.

2. Ask the students what they think will happen to the path and progress of the photons
asthey travel to less dense layers of the Sun.

3. Tél the students (or have them guess or calculate) that scientists believe that it takes
hundreds of thousands of years for a photon to travel from the core to the surface (a
distance of 418,000 miles, which is equal to about 50 Earths lined up side by side).

For teacher information only: According to theory, the exit time should be roughly

proportional to the radius squared. The point of thisissimply to note that even though

it took avery long timefor the bumble ball to exit the circle, photons (traveling at
the speed of light) still take much, much longer since theradius of the core of the

Sun is so great when compared with thiscircle on the ground.

©Adler Planetarium & Astronomy Museum . Astronomy Connections. Sun-Earth Connection
2001-2002 School Y ear ‘ N 23



Data Tablefor Bumble Rumble: The Journey of a Photon

Directions: In each cell, record the amount of time in seconds that it
takes the Bumble Ball to exit the circle.

Trid 0.5 meter 1.0 meter 1.5 meter 2.0 meter 2.5 meter
Number radiuscircle | radiuscircle | radiuscircle | radiuscircle | radiuscircle
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Calculate average exit times for each circle:

Sum of Column 1: / (#of trids) =
Sum of Column 2: / (#of trids) =
Sum of Column 3: / (#of trids) =
Sum of Column 4: / (#of trids) =
Sum of Column 5: / (#of trids) =
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Tip Sheet for Soda-Bottle Magnetometer

I ntroduction:

Aswith all recommended activities, this magnetometer was tested for ease of completion
and basically whether it “worked.” A trial showed that with patience, time, and some
modifications, a dedicated student or teacher could complete this activity successfully.
Here are some tips for a more successful trial.

Starting from the beginning:

Materials:

* Itisunnecessary to measure 2 pounds of sand. Just get enough to hold your bottle in
place, probably enough to cover the “wavy” part at the bottom and maybe a
centimeter above.

o 1ft-1.5ft of thread is plenty.

* Thedress sequin: Thistrial found it to be the downfall of the apparatus. A small
mirror as described is highly recommended. The dress sequin reflectslight but in a
highly dispersed fashion. This makesit very hard to keep track of the reflected spot.

» Super glue: Think carefully before giving superglue to students. Instead use Elmer’s
Glue to secure the magnet and sequin and straw and card together (you do haveto
wait awhile for the glueto dry).

» Theadjustable lamp: Thisis not nearly as effective as alaser pointer. Of course, if
your school does not alow them (even as part of a science experiment) then thiswill
be a problem. Y ou can use aclump of clay to hold the laser in place and in the “on”
position. This seemed relatively stable and cheap; however, you can choose to follow
the more complicated designs listed on the web page.

Procedure:

* Instep 2, “Slice the bottle 1/3 of the way from the top” means “ Cut the top (part with
the cap) 1/3 of the bottle off.” Thisis most easily done with an exacto knife. (Please
supervise students carefully!)

* Instep 3, use the exacto knife again to poke the hole in the can. Heating it with a
lighter make this even easier. Because this step is so dangerous, it should only be
performed by adults.

» Step 13 suggests putting your bottle 2 meters away from awall where you can
measure movement of your spot. None of the set-upsin their photos do this. Why?
Becauseit is so difficult to get a spot of light to focus that far away. Place the bottle
in adark location closer to the target wall, and modify the calculations.

Tips:

» Please pay specia attention to the last paragraph in this section: “This magnetometer
IS sensitive enough to detect cars moving on a street outside your room...” Any
student who can explain why this happens deservesan “A.”
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Title: The“Missing” Magnet

Purpose:
To illustrate the magnetic field around a bar magnet as well asto find the
magnetic field of the Earth.

Objective:
o Studentswill be able to identify the magnetic field around a bar magnet and relate it
to the Earth’ s magnetic field.

| ntended Audience:
58" Grade

Time Required:
90 minutes

Materials:

Butcher paper (or any other large sheet of paper)

Masking tape

1 Bar magnet per each working group of 4 students

1-2 Small field plotting compasses per group (these can be the cheap kind of
compass)

1 Pencil per student

NASA Lithographs “The lonosphere” and “The Magnetosphere” from Space Weather
Folder

SOHO Lithograph #13

Preparation:

» Cover large tables with butcher paper.
» Secure paper with tape.

* Useone of the compasses to determine “North.”

» Usealoop of tape on the underside of the bar magnets to secure them to the center of
the papered tables, placing them in any direction other than exactly North-South or
East-West.

Procedure:

1. Break studentsinto working groups of about 4 students per group.

2. Explain to the students that scientists along time ago noticed that compasses behave
strangely when you place them near bar magnets.

3. Ask the students to work in their groups to create a visual representation on the paper
of how the compass behaves when it is closer to the magnet aswell aswhen it is
further away.

4. Allow them to investigate and record and, if necessary, guide them into tracing full
magnetic field lines around the magnet. Thisiseasily done by placing the compass
close to the magnet and noting which way the needle opposite the magnet points by
placing a pencil dot on the paper at that spot. Then move the compass so that the
other end of the compass needle lines up with that dot. Make a new dot where the
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5.

6.
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first side of the compass needle now points. Keep making dots until the line goes off
of the table or runs back into the magnet (Figure A). Draw lines to connect these dots.
The students should also record which way the “north side” of the compass points
with arrows (Figure B).

=S

FIGURE A

N S BREa—

FIGURE B

Ask the students to continue making their graphic record until they have a series of
lines drawn on both sides of the magnet.

Y our students may (and should) find that they get afairly regular picture with lines
leading from one pole to another. The lines should be closer together at the poles and
more spread out around the middle of the magnet. The picture should be regular until
the lines end up far enough away from the bar magnet that “ something else” takes
over, and changes their direction.
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7. They should begin to see that a pattern similar to the one around the bar magnet is
forming on the paper. But this pattern is distorted, asif there were another magnet
present.

8. Many may begin speculating about where this “missing” magnet islocated. They
may look under the table, convinced that you have hidden a magnet there. They may
tear the paper off of the table to look for the magnet. Eventually, with some
guidance, students come up with the “real” source of the missing magnet. The new
bar magnet is actually the magnetic field of the Earth. In fact, the magnetic field of
the Earth is similar to the magnetic field of abar magnet.

9. Sincethisisatwo-dimensional activity, you may want to discuss with your students
that although the graphic representation they made is two dimensional, the bar
magnet’ s magnetic field isreally three dimensional. They cantest it if they wish.
Ask them to predict what the Earth’ s magnetic field looks like all around the Earth.
Ask them to sketch this prediction.

10. Tell them that scientists have named the magnetic field around the Earth “the
Magnetosphere.”

11. Using resources from the Space Weather Folder, have students read and construct a
model (picture or 3-D) of the Earth, Earth’ s Atmosphere and Magnetosphere, noting
similarities and differences between the Earth’ s magnetosphere and the magnetic field
around a bar magnet.

Closure:
Discuss the differences between the Earth’ s Magnetosphere and the magnetic field
around a bar magnet with the students.

Evaluation:

Ask the students to describe the differences between the magnetic field around a bar
magnet and the Earth and the cause of those differences according to the reference
materials listed above and below.

Resour ces:

NASA Lithographs
Space Weather Folder
Savage Sun Video
SOHO CD-ROM
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Title: You Really Can Learn by Watching TV!

Purpose:

This activity demonstrates how a magnetic field can bend the path of
moving charged particles by having students observe changesinaTV's
picture when amagnet is present. Students will not only explore the effects of magnetic
fields on charged particles, but they will also practice observation and communication
skills, much like solar scientistsin ajournal. Inthisactivity, students will make and
record their own observation, but since each observation will be different, they must
communicate their experiment to other members of the class, much like scientists write
up their experiments in scientific journals. Then, by learning about the experiments of
others, they can try to piece together the whole scientific picture. After reading the
observations of other classmates, students can have “conventions’ in which they come
together in groupsto try to “discover” this“new” phenomenon.

Objectives:

» Studentswill be able to explain how magnetism plays an important role in the
relationship between the Solar Wind and Earth.

»  Studentswill be able to describe how the mgjority of charged particles from the Sun
are deflected by the Earth’s magnetic field.

| ntended Audience:
58" Grade

Time Required:
90 minutes

Materials:

Excerpt from the “journal,” Scientific AmeriKIDS,

1 Black and White Television (THISACTIVITY WILL PERMENANTLY DAMAGE
COLOR TELEVISONS. USE ONLY BLACK AND WHITE ONES!)

1 strong bar magnet (such as a cow magnet)

Materials to record observations.

SOHO Lithograph #13 of 14

SOHO CD-ROM (specifically the movie found in The SUN/The Sun-Earth Connection/
The third dlide)

Television Diagram (available at the end of this|esson)

Background Information:

This activity uses analogy to help students learn about how the Earth’s magnetic
field shields the Earth. This activity uses the electronsin a black and white TV to
represent the streaming charged particles of the solar wind, flares, and Coronal Mass
Ejections. All moving charged particles paths are changed by magnetic fields.
Televisions use beams of electrons (small charged particles) to draw images on the
screen. Inside the TV, there is no mechanism to move around the device that produces the
beam of electrons. It remains pointed at the center of the screen. So how does the beam
of particles reach each portion of the screen? The electron beam is bent and changed
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inside the television by changing magnetic fieldsinside. By carefully controlling the
strength of magnetic fields around the beam inside the television, the beam is bent so that
it scans across the screen very quickly. Thisiswhat produces the image we see. We can
exploit that fact for the purposes of our experiment. By placing magnets outside of the
television, we can distort the image on the screen. For more detailed information on how
aTV works, please see http://www.howstuffworks.com/tv.htm.

Although the actual mechanics of exactly how the Sun interacts with the Earth’s
magnetic field is complicated, the basic ideais this: Magnetic fields bend the paths of
charged particles. Studentswill investigate this phenomenon by observing and will try to
piece together many experiments to construct alarger understanding of magnetism. They
may never reach the “complete” description of how magnetic fields change the path of
charged particles, nor will they be able to fully describe the shape of the Earth’s
magnetosphere, since these are topics worthy of many years of college and graduate
study. However, thisis not the goal of this activity.

Procedure:

1. Explain to the students that for the next class period they will be acting as scientists

might to try to describe a “strange phenomenon” witnessed and reported to a

scientific journal for kids called Scientific AmeriKIDS. Explain that scientists spend a

lot of time reading about experiments conducted by othersto learn about the results

and to think up new experiments to confirm, constrain, or discount those experiments.

Explain that thisis the way that many scientific discoveries have been made.

Ask the students to read the short excerpt from Scientific AmeriKIDS.

Ask the students what they know about magnets. Y ou may want to make alist on the

board.

4. Ask the students what they know about televisions. Ask them how they think the
pictureis made. (Y ou may want to explain the difference between color TVs and
Black and white as discussed in the background material
(http://www.howstuffworks.com/tv.htm.)

5. Show the diagram of the TV. Explain that most of the things we know in the universe
are made up of very small parts called electrons, protons, and neutrons. Explain that
protons and electrons are charged particles, which means that they are attracted and
repelled by other charged particles. Explain that moving charged particles, like any
other objects, continue in a straight path until some other force acts upon them.
Explain that magnetic fields can bend the paths of moving charged particles with a
“magnetic force.” Point out on the TV diagram the device that makes the charged
particle beam and the magnets around that beam.

6. Tell studentsthat as a part of the scientific community, they must react to the article
in Scientific AmeriKIDS. Ask them to conduct a series of separate tests, which they
can then discuss as a group to try to fit together a“whole” description.

7. Have the students each begin designing a“test” using acow magnet and the TV. A
test should be something as ssimple as touching the cow magnet end to the screen.
Another test might be to touch the other end of the cow magnet to the screen. Explain
that just as scientists have constraints, such as budget, that limit their
experimentation, they will have the constraint of being able to perform only one test
each. They then must rely on the tests of othersto form their whole picture.

8. Have the students sketch a design showing the placement of the cow magnet and the
TV.
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9. Have the students also sketch a prediction of what the image on the screen will look
like when the magnet and TV are in the configuration that they have designed.

10. Have the students come to the TV one by oneto try their test. Have them sketch the
results. The other students should not watch as this takes place.

11. Ask studentsto briefly write up their test. They should include a procedure, diagram,
and results section.

12. Depending on the amount of time you have, you may conduct the “journal reading”
and “convention” sectionsin various levels of detail:

* You can have the students pass around their write-ups of their tests until each
student has read three others.

* You can form discussion groups in which each person in the groups reads each
other’s description.

* You can have each student present his/her ideas to the class as a scientist might
present his’her work at a convention.

13. Have class or group discussions that try to piece these results together, to form amore
complete discussion of what happens to abeam of charged particlesin the presence of
amagnetic field. Try to get the students to come up with arule or set of rulesthat al
of the resultsfollow. The students will most likely not come up with the same
detailed picture that today’ s scientists have of the interaction between electricity and
magnetism—thisis O.K.! The mainideaisto understand that in all casesthe
magnetic field bends the path of the charged particles.

Closure:

1. Explain that the Earth’s magnetic field shields the Earth from most of the charged
particles coming from the Sun.

2. Show students the SOHO lithograph depicting the charged particles streaming
from the Sun to the Earth.

3. Explain the components of the analogy to the students (the TV beam represents
the plasmain the Solar Wind, flares, and CME’s, the magnetsin the TV, and the
magnets placed near the TV represent the Earth’s magnetic field.)

4. Explain that the Sun-Earth system is even more complicated than the TV -Magnet
system and that sometimes in the Sun-Earth System interactions between the
magnetic fields and the charged particles result in aurorae.

5. Show students scientific simulations of the complicated interactions between
charged particles from the Sun and the Earth’ s magnetic field such as the
magnetosphere movie found on the SOHO CD-ROM, so they have some idea of
why the phenomenathey investigated is important to the world around them.

©Adler Planetarium & Astronomy Museum . Astronomy Connections. Sun-Earth Connection
2001-2002 School Y ear ‘ N 31



Scientific AmeriKIDS

ScienKids of America: | need your help! | have noted a strange phenomenon and |
desperately want to know what is going on! It was early September, and | was just
minding my own business and trying to do my homework. My science teacher had
assigned what | thought was something relatively easy. She asked usto take home a
magnet from school and find things around the house that the magnet stuck to. |
walked to the obvious location, the kitchen, and stuck my magnet to the fridge. |
recorded this result and figured | may as well try the stove and the cabinets. Then |
heard laughter coming from the family room. My little brother was giggling so hard
that he couldn’t breath at the programon TV. | figured while | wasin there, | may as
well seeif the magnet would stick to the TV. Well, before my mom had afit, | saw
that my magnet didn’t stick but it did cause aweird bending of the picture. My mom
started screaming something about never putting magnets near color TV’'sso | wasn't
able to investigate, but | really want to know what is going on. Please, help me out!
My science teacher said that you could do some kind of experiment with a black and
white TV to figure this out, but then she assigned a big report on batteries so | don’t
havetimeto try it. If you choose to try this experiment, please write back to this
journal so | can find out the results.

Jordan, grade 6, Lake Middle School
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“What does the Sun-Earth Connection mean to...

an Art Historian?”

Another perspective important to understanding the historical importance of the
Sunin culturesisfrom an art historian’s perspective. Art historians study the content,
creation, and importance of artifacts from history. They identify techniques and materials
and are able to date objects to gain a better understanding of past cultures. Through the
activitiesin this section, students will examine the importance of the Sun in art and the
difference between light color and paint color. Students will aso examine the importance
of invisible light for art historiansin their examination of artifacts.

This section also looks at the various importance of the Sun in various cultures as
well as the artistic importance of artifacts.

Suggested Activities:

a Color from Art to Science
Lesson plan included
http://library.thinkguest.or g/50065/index.html

o Sun God Myths
Lesson plan included
http://library.thinkquest.org/15215/Culture/Sun_gods.html
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Title: Color from Art to Science \

' -
Purpose:
Students will explore the characteristics of color. They will begin by looking at the
properties, theories, meanings, and effects of color from a science perspective and an art
perspective. Students can explore the differences between pigment (paint) color and light
color. Studentswill also analyze a piece of art to apply their understanding of the
properties, theories, meanings, and effects of color.

Objective:

* Studentswill be able to describe how humansin different cultures over time have
documented/charted changes in the Sun and how these changes have influenced their
societies (e.g. caendars, agriculture, and creation theories).

o Studentswill be able to identify common name wavelengths of the Electromagnetic
Spectrum.

| ntended Audience:
58" Grade

Approximate Time:
60 minutes

Background Information:

Science and art have been working hand in hand for centuries. Some of the most
beautiful works of art were created astoolsfor learning. From patternsin the nighttime
sky to garden statues, artisans have created pieces that are still valued today. Texture,
pattern, and medium are al characteristics of art, which Art Historians examine when
determining the use and dates of artifacts.

One of the most fundamental elementsin creation of awork of art is the effect
light has on or in the piece. For creation, artisans can use a variety of wavelengths of
light from the Electromagnetic Spectrum. From x-ray photography to infrared cameras,
artisans have experimented with multiple wavelengths of light, developing unique
techniques of design. The following activity is going to focus on the use of visible light
in art and the effects it has in design and purpose.

Visiblelight in art applies mainly to color. Through the following activities
students will explore the scientific and artistic meanings of color. They will become art
historians and use their new knowledge of color to attempt to understand why artisans
created pieces the way they did in Awestruck by the Majesty of the Heavens (an Adler
Planetarium collection).

©Adler Planetarium & Astronomy Museum . Astronomy Connections. Sun-Earth Connection
2001-2002 School Y ear ‘ N 35



A description of the collection:

Awestruck by the Majesty of the Heavens
People throughout history have looked to the sky for many reasons: to chart the
heavens, to navigate the seas, to establish their place in the universe, even to divine
answers and predict the future. For equally compelling but less practical reasons, people
have aso looked toward the heavensin awe, delighting in its spectacular beauty. The
works in this exhibition are a remarkable combination of observation and imagination.
Ranging from glorious to quirky, traditional to innovative, these celestial charts and
astronomical illustrations capture the passion artists and artisans from the fifteenth
through the nineteenth century had for astronomy. These works are significant historical
artifacts that also enchant us with their elegant lines and delicate beauty while providing
the contemporary viewer with insight into the development of both an art and a science
over the centuries. They help usto explore the majesty of the heavens asit must have
seemed centuries ago and to appreciate the wonder of new discoveries and the excitement
of generations past.

Taken from the Adler website at: http://www.adler planetarium.org/history/

Materials:

1 computer per student is recommended
Printer capabilities

1 copy of Art Evaluation per student

1 magnifying glass per student
Electromagnetic Spectrum poster

Preparation:
Reserve computer lab if necessary.

Procedure:

1. Have students visit Awestruck by the Majesty of the Heavens
http://www.adl erplanetarium.org/history/exhibits/awestruck/main.html

2. Discuss with students the integration of science and art in history. Explain that they
will be looking at various scientific works of art and analyzing them from a scientific
and artistic perspective.

3. Have students either choose a category to read about or have them read through the
on-line exhibit and choose awork of art to take a deeper ook at.

4. Have students complete the first part of the Activity Sheet, recording information
about the piece he/she has chosen.

5. Discuss with the class the many characteristics of art, from technique to medium.
Explain that there are many aspects of a piece art historians take into consideration
when examining a piece. Students are going to focus on color and in order to be
accurate they will need to know how color isdefined in art and also in science.

6. Have students visit: http://library.thinkquest.org/50065/index.html

a. Students should explore color from one perspective at atime.
b. Have students explore color from a science perspective. Using a magnifying
glass, complete the electronic activity sheets (print acopy for the teacher).
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7. Based on their new knowledge, discuss with students the multiple wavel engths of
light energy (Use the Electromagnetic Spectrum poster as a reference).

8. Have students explore color from an art perspective doing the on-line activities.

9. Have studentsrevisit:
http://www.adl erplanetarium.org/history/exhibits/awestruck/main.html

10. Have students compl ete the rest of the activity sheet, applying concepts they have
learned about color from art and science to the work of art they chose in the
beginning.

Closure:
1. Have students share their findings.
2. Discuss what important conclusions they can draw from their findings.

Evaluation:
Collect students' activity sheets for assessment of understanding of art and science
concepts.

Resour ces:
Awestruck by the Majesty of the Heavens
http://www.adl erplanetarium.org/history/exhibits/awestruck/main.html

Understanding Color
http://library.thinkquest.or g/50065/index.html
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Name Date \

Color from Art to Science [T

1. Visit Awestruck by the Majesty of the Heavens:
http://www.adler planetarium.or g/histor y/exhibits/awestr uck/main.html , choose a
work of art that interests you and answer the following.

Title of Piece

Artist Date of Piece

Why did you choose this piece?

Doesit remind you or make you think of anything?

How was it used?

2. Visit: Understanding Color http://library.thinkquest.or g/50065/index.html
3. Complete activitiesfor Art and Science.
4. Revisit thework of art chosen above and answer the following questions.

What can you describe about the colors of the piece?

What types of colors are used (primary, secondary, or tertiary)?

How are the colors displayed (true color, optical color, or arbitrary color)?

Is there a color scheme (complimentary colors, warm colors, cool colors)?

Why do you think the artist made the color choices he/she did?

Do you think the artist made good color choices for the purpose of the piece?
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Title: Create Your Own Sun God \

Purpose: [J =
By exploring various Sun god myths on the Internet, students will begin
to analyze the characteristics of the cultures and create their own myths.

Objective:

*  Studentswill be able to describe how humansin different cultures over time have
documented/charted changes in the Sun and how these changes have influenced their
societies (e.g. caendars, agriculture, and creation theories).

Background Information:

Cultures throughout history, including our own, needed answers for phenomena
they witnessed and that affected their daily lives. However, without today’ s technology,
many explanations were based solely on observations and religious traditions of the
people. The Sun has played an important role in the lives of the past, from determining
calendars, to guiding agriculture, to teaching morals. The myths your students are going
to read are from a collection of cultures. These myths were spoken from generation to
generation. Y our students should take the time to read and reflect upon these stories.
They should draw conclusions about what was important to these cultures based upon the
stories the cultures held as truth.

| ntended Audience:
5" 8" Grade

Approximate Time:
120 minutes

Materials:

Computer Lab

1 Notebook per student

1 Pencils per student

1 Sun God Myth Activity Sheet per student

Preparation:
Reserve computer lab if necessary

Procedure:
1. Discuss with students the importance of myths and legends to cultures.
2. Have studentsread at least five of the Sun myths from the web site.
Windows to the Universe: http://www.windows.ucar.edu
* Click “ enter the site”
* Click “ Myths”
* Click* Sun”
3. Have each student choose two of the five myths to compare.
4. Students should draw some conclusions about similarities and differences between
the myths.
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Questions to guide student thinking:

» What isthe myth attempting to explain?

» What does the god resemble/look like?
Where on Earth is this culture located?
What is the environment like there? Isthere alot of sun?
Why is the Sun and the Sun god so important to this culture?
5. Have students write a Sun god myth of their own.
6. Have studentsillustrate their Sun god.

Closure:

Have students discuss which elements of their lives they incorporated into their own
mythical stories. What can we learn about each student and their culture based on these
stories?

Resour ces:

Other Sun god sites are:
http://library.thinkquest.org/15215/Culture/Sun_gods.html
http: //www.storymall.comyaztecsun/aztec.htm
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Sun God Myths

Directions: The Sun has been a source of mythology for many cultures. Read at least
five myths from http: //mwww.windows.ucar.edu. Choose two that interest you and
compare them.

Myth #1

Culture

Location/Continent

Myth #2

Culture

Location/Continent

Characteristics:

Do the gods share any similar |ooks?

What does the god help to explain?

How important were the Sun gods to each culture?

|s there anything else important to the culture that can be taken from the story?

Now write a Sun god myth of your own.
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“What Does the Sun-Earth Connection Mean to...

a Meteorologist?”

A meteorologist is defined as * one who studies the branch of science that deals with the
atmosphere of a planet, particularly that of the earth, the most important application of
which isthe analysis and prediction of weather” (www.dictionary.com). In this section,
students will study the motions of the Earth and the emission of visible light and particles
from the Sun. Phenomena such as the Earth’ s rotation and revolution around the Sun,
seasons, the solar cycle, eclipses, solar storms, and their impacts on Earth will be
explored.

o Kinesthetic Astronomy- Reason for Seasons
Lesson plan included

o Graph Sunspots and make predictions. Sunspots and Solar Activities
http: //www.spacesci ence.or g/Education/CurriculumDevel opment/Sol ar scapes
[1.html

o Black-out activity
http: //image.gsfc.nasa.gov/poetry/stor mO/black3.html

o Satellite Knock-out activities
http://image.gsfc.nasa.gov/poetry/stormL/killer 1.html

o Ask the Meteorologist
Lesson plan included

©Adler Planetarium & Astronomy Museum . Astronomy Connections. Sun-Earth Connection
2001-2002 School Y ear ‘ N 42



Titlee The Reason for the Seasons

Purpose:

By using models to represent the Sun, Earth, and Polaris, students will
learn that seasons happen not because of the Earth’ s proximity to the Sun,
but because of how much direct vs. indirect sunlight we get.

Objective:
» Studentswill be able to describe the motions of the Earth around the Sun over various
time periods (daily motion in the sky, over seasons, during eclipses).

| ntended Audience:
58" Grade

Time Required:
30 minutes

Background:

It is a common misperception that our seasons are caused by the Earth being nearer to or
farther from the Sun. In fact, thisis not the reason for the seasons. Rather, the amount of
direct sunlight a certain part of the Earth gets at any particular time is what causes the
seasons. The Earth moves in two ways.

1. Itrotatesonitsaxis, resulting in turning toward and away from the Sun, causing
the cycle of night and day every 24 hours.

2. It revolves around the Sun in the shape of an ellipse (not a perfect circle).
Strangely enough, during summer in the Northern Hemisphere, the Earth is
actudly at the portion of the ellipse that is farther away from the Sun than the
portion of the ellipse it travels around during the winter months.

Spring in the Marthern Hemisphere
Autumn in the Socuthern Hemisphera
March 27 ¢ Winter in the Northern Hemisphere
' Summer in the Southern Hemisphere

Fuirse 21 ¢

Lec 21 I"

Surmmier in the Norherm Hemisphene
Winter in the Southern Hemisphere '

Autumn in the Mortherm Hemisphere
Spring in the Southern Hemisphere

The Earth istilted on its axis so that the North Pole doesn’t really face directly upward.
Instead, it points toward Polaris, or the North Star. No matter how the Earth is rotating or
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revolving, that tilt remains approximately the same all year long. Thistilt, combined with
the revolution of the Earth around the Sun, iswhat causes different areas of the Earth to
receive more or less direct sunlight throughout the year. The time of year when the
Northern Hemisphere receives the most direct sunlight is summer in the Northern
Hemisphere. The time of year when the Northern Hemisphere receives the least direct
sunlight is winter in the Northern Hemisphere. In addition to the light being more spread
out during winter months, the Earth’ s angle also causes the Sun’s light to travel through
more atmosphere. Atmosphere blocks some of the light and disperses the remaining light
further. The activity below will illustrate this phenomenon.

Materials:

Cart or desk

Light with dimmer switch

1 White tablecloth

1 Extension cord

Tape

Cut-out star labeled “Polaris’

Styrofoam ball on a stick with Equator and Hemispheres marked
2 Signs; 1 labeled “Chicago” and 1 labeled “India’

1 length yarn per student (cut into pieces that can be tied around each student’ s waist)
Soda cans cut at different angles; liquid to fill cans (optional)

Preparation:

e Set up cart or desk: Put tablecloth over cart/desk, set light in center, and plug in.
» Tape down extension cord.

* Affix “Polaris’ to the north wall of the classroom

Procedure:

1. Set the stage by asking when the best time of day isto get atan. Ask studentsto
explain. Prompt by asking whether it matters what time of year itis. Does it matter
where on Earth you are?

2. Solicit someideas asto why we have seasons. Why isit hotter in summer than in
winter? When are the days longer? Why do they think that is?

3. Explain that by doing an activity today, students will discover that the way in which
the Earth moves around the Sun is alittle more complicated than they might think.
Additionally, they’ re going to figure out how the Earth’ s movement affects our
Seasons.

4. Explain that you are going to make an abbreviated model of the Solar system. The
first thing you will need for thisisthe Sun. Turn on the light on the cart on, and state
that thiswill be the Sun.

5. The next thing to identify is the North Star, or Polaris. Point out whereitisinthe
room.

6. Takethe Styrofoam ball on a stick and state that this will be the Earth (for now).
Have a student position the ball correctly a couple feet from the “Sun”, with the North
Pole pointing at Polaris.

7. Ask theclassto look at the hemispheres. Ask which looks like it is getting the most
light. Explain that that hemisphere is getting the most direct sunlight.

©Adler Planetarium & Astronomy Museum . Astronomy Connections. Sun-Earth Connection
2001-2002 School Y ear ‘ ~, 44



8. Discussdirect vs. indirect light. This concept may be difficult for some studentsto
understand. If some of your students need assistance with this concept, try one or both
of the following explanations:

a. Takeout the sodacans. One represents direct light (straight cut), one
representsindirect light (angled cut). Explain that the way the liquid comes
out of these cansis similar to the way sunlight hits the Earth. The bottoms of
the cans are the same size, just as the same amount of light comes from the
Sun al the time. But, how the light gets spread out is different. If we poured
the liquid out of the direct sunlight can, all of the liquid would come straight
out and would be concentrated in a smaller area. From the indirect can, the
same amount of liquid would be spread out over a greater area, and so would
not be as concentrated. Ask students to imagine that the cans poured out light
energy from the Sun rather than liquid. If this were the case, which can would
result in making the surface the light was poured onto hotter? (The surface
receiving more direct and concentrated light energy would be hotter.)

b. Or, ask, “What if | had 30 cookies?’ Everyonein class would get one.

What if | only had 15 cookies? The same amount of cookies would have to
get spread out among 30 people, so everyone would get less.

9. Explain that thisis similar to how Earth receives light from the Sun. Y ou may choose
to discuss the fact that the Earth’ s atmosphere adds another dimension to this
phenomenon: the more atmosphere the Sun’s energy needs to go through, the less
light makesit to Earth.

10. Use the Styrofoam ball again, and run through the course of ayear, looking at how
the shadows change, and how the sunlight shines most directly on different
hemispheres throughout the year. Show each season in the Northern Hemisphere by
keeping the Styrofoam ball tilted toward Polaris and moving it around the light that
represents the Sun (see diagram in background section for positions).

11. Note which season is represented every 1/4 way (approximately) around the Sun.

12. Ask avolunteer to represent a new Earth.

13. Put the two signs on the student—Front is Chicago, back isIndia. Ask where
Australiawould be (about on the calf).

14. Ask if the student is standing in the correct position for the Earth. Adjust to tilt
towards Polaris.

15. Ask what time of day it isin Chicago, and make sure the student is facing with the
Chicago sign toward the light.

16. Ask how we can represent nighttime in Chicago, and have the student turn around, so
that Indiais now facing the light.

17. Explain that that isone day. Ask students what happensin ayear. (The Earth
revolves around the sun.) Get student to tilt, turn, and revolve. (Be careful of the
extension cord!) Stop the student occasionally during certain seasons. Ask what
season it isin each hemisphere, which hemisphere is getting the most direct sunlight,
what time of day it isin Chicago, etc.

18. Now, have everyonetry it. Distribute pieces of yarn and ask studentsto tie the yarn
around their waists. Indicate that the yarn represents the Equator and the lower part of
their bodies is the Southern Hemisphere, and the upper part of their bodiesisthe
Northern Hemisphere.
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19. Make acircle around the light, and make sure everyone tilts their heads towards
Polaris. Make sure to point out that they need to always have their heads pointed at
Polaris, not just always tilted at the same angle they are now.

20. Practice aday first. Makeit noon in their home town, then midnight.

21. Now, try ayear. Have everyonetilt, turn, and revolve. Occasionally, say “Freeze!”
and have everyone stop right where they are, in the same position. Ask whois
summer, fall, winter, spring in the Northern Hemisphere.

22. Now, ask students to observe where the Sun hits most directly all the time (in the
center of their body). That's the equator of the Earth. Ask whether they think that it
is better or worse tanning where the sun hits directly. (Better). So, that explains why
it'seasier to get atan in Floridathan it isin Chicago: Floridais closer to the equator,
and thus closer to more year round direct sunlight.

Evaluation:

To check for understanding, ask what the temperature and amount of sunlight must be
like in an equatorial country, say Ecuador or Equatorial Guinea, when it is winter and
December in Chicago. What isit like in those countries in July? Name a month and ask
volunteers to position themselves around the Sun with the correct tilt for the Northern
Hemisphere during that month.

Closure:

1. Explain to students that many people believe that we experience hotter weather in the
summer because we are closer to the Sun.

2. Ask the group to explain what isincorrect about that belief. Encourage them to show
their parents or siblings aversion of this demonstration at home tonight so that they can
explain the real reason for the seasons.

Resour ces:

NASA Seasons Website

http://windows.ivv.nasa.gov/cgi-bin/tour_def/the universe/uts/seasonsl.html

This Website offers information at Beginner, Intermediate, and Advanced levels to
accommodate students' various needs. This site aso offers information on how the
atmosphere plays arole in the amount of sunlight received by Earth’s surface.

For more in-depth information and further Kinesthetic activities, see the Space Science
Institute’ s Website at:

http://www.spacescience.org; click on “K-12 Curriculum” and look for the “Kinesthetic
Astronomy” icon.
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EQ,&
Title: Ask the Meteorologist %};»\{\,
Purpose: Ai/

In this activity, students will research solar phenomena, such asthe
solar cycle, eclipses, and solar storms and their effects on Earth in order to be able to
answer questions written into an invented “ Ask the Meteorologist” newspaper column.

Objectives:

» Studentswill be able to describe the motions of the Sun over various time periods
(daily motion in the sky, over seasons, during eclipses) and the effects of this motion
on the Earth (night and day, seasons).

e Studentswill be able to predict the activity of the Sun and solar wind according to its
eleven year cycle.

* Studentswill be able to define solar storms.

» Studentswill be able to describe the various ways the Sun g ects charged particles
(i.e. solar flares, Coronal Mass Ejections).

» Studentswill be able to describe how the Sun's charged particles interact with the
Earth's magnetosphere.

o Studentswill be able to describe at least one way in which the Sun's charged particles
affect their environment (e.g., satellite interruption from solar storms, power grid
problems from solar storms).

Background Information: Thislesson will provide an overview of how several
phenomena caused by the Sun create conditions in space that affect Earth’s patterns of
light and darkness, weather, and technologies. The topics covered by thislesson are
broad, and therefore are best dealt with by delegating research responsibilities to groups
of students. Many of the phenomena described in the resources below are areas of current
research and provide information that previous generations have not had access to. For
these reasons, the job of a meteorologist is becoming more complex as we learn more
about the Sun’ simpact on Earth. By studying some of the many invisible ways the Sun
impacts Earth’ s systems, students will gain a deeper appreciation for the Sun-Earth
Connection.

| ntended Audience:
58" Grade

Time Required:
120-220 minutes (3-5 class periods)

Materials:

Dynamic Sun CD

SOHO Lithographs

NASA Lithographs

Web-enabled computers

Posters and other Resources from the Space Weather Folder
“Ask the Meteorologist” Question Sheet
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Preparation:
» Divideresourcesinto groupings by the following topics
» Eclipses
» Solar Cycle
» Solar Prominences, Flares, CMEs, Solar Wind, and Solar Storms
» Impact on Earth
* Plan how students will rotate between use of materials such asthe CD (if you have
only one copy) and the lithographs
* Reserve Computer Lab for at least 3 class periods, if necessary

Procedure:

1. Explain to students that they are going to take on the role of a meteorologist, but
rather than predicting Earth weather, they will be studying broader concepts such as
the seasons and eclipses and a new area of meteorological interest called space
weather. For the purpose of this lesson, space weather is the result of the Solar Wind
and events on the Sun that impact the Earth’ s atmosphere and technol ogies.

2. Divide students into groups to research the following topics:

a. Eclipses

b. Solar Cycle

c. Solar Prominences, Flares, CMEs, Solar Wind, and Solar Storms
d. Impact on Earth

3. Explain to the groups that they are responsible for becoming experts in their area of
research, because they will have to answer questions that people have written in to an
“Ask the Meteorologist” newspaper column.

4. You may choose to share the questions with your students before they start their
research to help them focus on particular questions to answer. Or you may tell them
that they need to learn everything they can in the given period of time and that they
will then have to be prepared to answer questions they’ |l receive after the “research”
period.

5. Let students know how much time they’ Il have to research their topic(s), and that they
should focus on the causes of the phenomenon(a) and their effects on Earth.

6. Explainto students that teamwork will be required to do well on this activity. They
will need to divide the work and resources among the membersin their group, and
everyone will be responsible for finding information, examples, and visuals.

7. Allow at least two class periods for students to do their research.

8. Distribute the questions to the appropriate groups, and allow students at least one half
class period to play the role of the meteorologist and write answers for their “Ask the
Meteorologist” column. They may do this asindividuals or in their groups.

Variationson Procedure:

o After the period of research, have students write their own “Ask the M eteorol ogist”
guestions, rather than using those supplied. Write responses as described above.

» If your timeislimited, you may have students do a*“Jigsaw” activity. Divide students
into groups to research the topics as listed above. Then have each group report back
verbally and with visual aidesto explain their assigned phenomenon(a).
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Closure:

Ask students to discuss which properties or features of the Sun they found most
interesting or surprising. Have them discuss how the Sun affects Earth’ s systems in ways
they did not previously know.

Evaluation:
Collect students' written responses to the questions to evaluate the accuracy and
completeness of their understanding.

Resour ces:

“Ask Tom” Website

Use this Website as an example of an “Ask the Meteorologist” column
http://www.junkscience.com/feb99/asktom.htm

Eclipses

NASA/Goddard Space Flight Center Eclipse Home Page

http://sunearth.gsf c.nasa.gov/eclipse/eclipse.html

Chronological list of solar eclipses, including paths, videos, links to information of what
the eclipses |looked like from different locations on Earth.

Solar Eclipsesfor Beginners

http://www.M rEclipse.com/Special/SEprimer.html
Contains basic vocabulary and explanation of eclipses
Dynamic Sun CD-ROM Slide numbers:. 8, 58
SOHO Lithograph 8 of 14

Solar Cycle (including Sunspots)

Cosmic and Heliospheric Learning Center - Introduction to solar cycles plus an
archive of articles from the news media about solar cycles and activity
http://helios.gsfc.nasa.gov/scycle.html#cyclenews

Stanford Solar Center’s Sun FAQ page

http://solar-center.Stanford. EDU/FAQ/

A FAQ Website including questions and answers about the Magnetic Sun
Dynamic Sun CD-ROM Slide numbers: 16, 17, 18

SOHO Lithographs6 of 14, 7 of 14

NASA Lithographs“The Solar Activity Cycle,” “Sunspots”

Sun-Earth Connection General Interest File on Sunspots and Solar Cycle
http://sunearth.gsfc.nasa.gov/sechtml/fire.ntml

Solar Prominences, Flares, CMEs, Solar Wind, and Solar Storms

Dynamic Sun CD-ROM Slides 19, 20, 21, 22, 24, 25, 29, 30, 31, 32, 33, 34, 35, 39, 40,
42, 43, 46, 64, 68

SOHO Lithographs4 of 14, 9 of 14, 10 of 14, 11 of 14

NASA Lithographs“Solar Flares,” “The Magnetosphere,” “Corona Mass Ejections’
SOHO images Website

http://soho.sascom.nasa.gov/bestof soho
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NASA/Goddard Space Flight Center The Sun Web page
http://www-spof.gsfc.nasa.gov/Education/I sun.html

MIFRCR POINT

TRAJECTORY OF *
TRAPPED PARTICLE
[rift of

TElectrans MAGHETIC
FIELD LINE ™

image from NASA/Goddard Space Flight Center Magnetic Field Lines Web page

| mpact on Earth

NASA Lithographs “The lonosphere,” “Plasma Clouds Around the Earth,” “The
Aurora”

SOHO Lithographs 13 of 14 and 14 of 14

NASA/Goddard Space Flight Center Magnetic Field LinesWeb page
http://www-spof.gsfc.nasa.gov/Education/wfldline.html

The Sun-Earth Connection, Concepts Web page
http://lucille.physics.uwo.ca/SunEarth/

This site contains a section entitled “ The Solar Wind and Earth” that is particularly about
impacts on Earth.

All Topics:

Sun-Earth Connection Education Forum

Movies captured by NASA satellites of various solar phenomena
http://sunearth.gsfc.nasa.gov/educators/movies.html

Images and illustrations of various solar phenomena
http://sunearth.gsfc.nasa.gov/educators/images.html
Exploratorium: Solar Eclipse: Sun-Earth Connection Website
http://www.exploratorium.edu/eclipse/cmes.html

Information on Eclipses, SOHO, Solar Wind, and CMEs

The Sun-Earth Connection, Concepts Web page
http://lucille.physics.uwo.ca/SunEarth/

A simple overview of the energy and atoms emitted by the Sun, energy transfer, and
affects of the energy and atoms on Earth and Earth’ s atmosphere
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Questionsfor “Ask the M eteor ologist”

N5/

Dear Meteorol ogist,
| have heard that during summer in the United States, the Earth is actually
farther from the Sun than it isin winter time. Is this true?
--Alan Thomas,
Palos Hills, IL

Dear Meteorol ogist,
| am planning atrip to South Africathis summer. A friend of mine told methat |
should pack sweaters and a jacket. This doesn’t make sense to me. | thought Africa
was hot—and I’m going in July!! Please advise.
--Frank Pendcowyck
Centralia, IL

Dear Meteorol ogist,
Where and when will the next total eclipse of the Sun occur? | would like to plan a
trip to view it wherever it is.
--Cecilia Bartonucci
Chicago, IL

Dear Meteorol ogist,
| have heard that total solar eclipses are quite common. If thisistrue, why don’'t we
See one every year?
--TinaZerk
LakeintheHills, IL

Dear Meteorol ogist,
I’ ve heard that the Solar cycleisat its “peak.” What does this mean, and isthe
weather going to get hotter during this peak?
--Tiko Mikasowa
Glenview, IL

Dear Meteorol ogist,
My daughter came home from school today and told me that the Sun has more spots
on it today than yesterday. What are sunspots, and why do they increase and decrease
in number?
--Sasha Bhin
Detroit, M|
Dear Meteorol ogist,
Sincel fly on airplanes alot for business, should | be worried about the radiation
coming from an increased number of Coronal Mass Ejections?
--Y uri Povovitch
Skokie, IL
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Questionsfor “Ask the M eteorologist” {}/{' \'

T

Dear Meteorol ogist,

My satellite TV has “blacked out” twice in the past week. | called the company to
demand arefund for those two days. They refuse to pay, stating that it’s “beyond their
control.” The excuse they’re giving is something about an increased number of “solar
flares’ interfering with the satellites they have outside Earth’ s atmosphere. This
sounds like a cockamamie excuse to me! What on Earth are they talking about, and is
there any truth in their clam?

--Michael Resnick

South Bend, IN

Dear Meteorol ogist,
My husband and | are having a debate. He says that aurorae are more common during
the peak of the solar cycle because of the increased amount of solar plasma heading
toward Earth. | say it’'s because charged particles are more likely to impact Earth’s
magnetosphere and end up mixing with our atmosphere. Who is right?
--Confused in the Suburbs
Royal Oak, M1

Dear Meteorol ogist,
| read that in 1989 a major blackout in Montreal resulted from a huge solar storm.
How did this happen, and do we need to worry about a blackout in Illinois anytime
soon?
--Janice Mufioz
Chicago Heights, IL

Dear Meteorol ogist,
I’ ve recently heard about a“ Solar Wind” blowing out toward the planets. Is Earth
affected by this Solar Wind, and if so, can we fedl it, like regular wind?
--Manish Shah
Merrillville, IN

Dear Meteorol ogist,
My son told me that he learned in school that the Earth has a magnetic field around it
that protects us from the Sun. Clearly, we receive light from the Sun and that’ s good.
And | know that the atmosphere protects us from harmful sun rays. What isthis
“magnetic field,” and how does it protect us from the Sun?
--Bob Knaack
Cairo, IL
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“What Does the Sun-Earth Connection Mean to...

an Environmentalist?”

“An expert on environmental problems. A person who advocates or works for the

protection of the air, water, animals, plants and other natural resources from pollution or
its effects.” (www.dictionary.com).

For this perspective, students will work toward understanding the importance of

the Sun in maintaining the delicate balance of our Earth’s systems. Students will identify
how parts of a system have characteristics independent of the whole, and how bringing
very different things together can create something new. Our environment is balanced by
delicate systems, and it isimportant to examine the parts to the whole to understand how
damaging one small part can be detrimental to the whole.

Suggested Activities:

Q
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Exploring systems, Dr. Art’s Guide to Planet Earth:
http: //www.planetguide.net/cool/exp-systems_activity.html

Nature Journal
Lesson plan included

Dr Art’s Simulation Greenhouse effect:
http: //www.planetguide.net/book/chapter_3/greenhouse_effect.html

What color of light isbest for plants?
http: //botany.about.convlibr ar y/weekly/aa092000b.htm

Solar Cars
Lesson plan included

Cooking with the Sun
Lesson plan included

53



Title: The Sun in My Biome

Purpose:
Students will journal the Sun's affect on the students, the climate, and their environment.

Objective:

»  Studentswill be able to identify how the Sun affects their daily lives.

» Studentswill be able to describe the effects of energy from the Sun on the Earth (e.g.,
photosynthesis, global warming, temperature, seasons).

| ntended Audience:
5" — 8" Grade

Time Required:
10 minutes aday for 3-5 days

Materials:
Journal or notebook
Pencil

Glossary:

Biome — A community of living organisms of a single major ecological region.
Climate — The average weather or the regular variations in weather in a region over a
period of years.

Environment - The world within which people, animals, and plants live.

Procedure:

1. Explain to students that they will be considering how the Sun affects them and their
environment over a period of 3-5 days. Have students consider the Sun's effect on
their health or mood.

2. Have students identify the Sun's affect on the climatic conditions for this region of the
United States.

3. Have students identify which plants and animals share their biome.

4. Allow students to write in their journals the first or last ten minutes of class for 3-5
days. Ask them to consider the following questions each time they write in their
journals:

* How did the Sun affect my morning routine?

* How does being shielded from the Sun all day affect my mood?

* How doeswherel live play arolein my experience of the Sun-Earth
Connection?

* How does the Sun's position in the sky affect the plants in my biome?

Closure:
Have students to write a poem about how their lives and biome would be affected if there
were no Sun.
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Titlee Solar Cars

Purpose:
In this lesson, students will learn how energy from the Sun can be used as a power
source. Students will construct solar power cars and observe how variationsin sunlight
affect the performance of the car. Students will do this to determine the advantages and
disadvantages of using solar power. They will experiment with solar energy as an
alternative to current power sources that are environmentally hazardous.

Objectives:

» Studentswill be able to describe the effects of energy from the Sun on the Earth (e.g.,
photosynthesis, global warming, temperature, seasons).

o Studentswill be able to identify things they can do to change the impact of the Sun on
humans and their environment (CFCs/ozone layer, sunscreen, solar power).

Background Information:

Burning of fossil fuels (coal, petroleum, natural gas) as sources of energy contributes
to an increase in the greenhouse gases in the atmosphere. These gases are trapped in the
atmosphere and hinder heat from escaping, and in turn, warm the Earth.
Environmentalists term this effect global warming. The possible consequences of global
warming are changes in the weather patterns, increases in storm severity, and melting of
polar ice, which causes ocean levelstorise.

One source of greenhouse gases as a result of human consumption is car emissions.
One solution is to cut down on the amount of cars driven. We can accomplish this by
carpooling, taking public transportation, walking, biking, and living close to work and
school. Another solution is to use energy from the Sun to power cars.

Solar cars are powered by solar panels that convert energy from the Sun into electrical
energy. Photons (light packets) from the Sun hit the metal in the solar panels with
enough energy to kick away electrons from the atoms in the metal. These |oose electrons
run through the wires and turn the motor.

Solar cars use less energy than standard cars because: 1. Solar cars contain electric
motors, and electric motors uses less energy to do the same amount of work as gas
engines, 2. Solar cars are much lighter than gasoline-powered vehicles; 3. Solar cars
streamlined design slices through air giving much less wind resistance.

I ntended audience:
5" 8" grade

Timerequired:
50 minutes

Materials:
Solar car kit
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Procedure:

1. Discuss with students the benefits of solar powered cars.

2. Have students compose alist of disadvantages of using the Sun to power acar.

3. Construct cars using directions given in the kit.

4. Usethelist asaqguide for observing and testing the car. Note how variancesin the
amount of sunlight affect the car.

Closure:
Have students come up with possible solutions to the disadvantages of using the Sun to
power acar.
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Title: Cooking with the Sun

Purpose:
Students will demonstrate how the Sun is used to heat an oven by
constructing and using solar ovens.

Objectives:

» Studentswill be able to describe the effects of energy from the Sun on the Earth (e.g.,
photosynthesis, global warming, temperature, seasons).

o Studentswill be able to identify things they can do to change the impact of the Sun on
humans and their environment, (CFCs/ozone layer, sunscreen, solar power).

| ntended Audience:
5" — 8" Grade

Time Required:
45 minutes to construct solar ovens
~15 minutes to cook s mores on awarm, sunny day

Background Information:

Burning of fossil fuels (coal, petroleum, natural gas) as sources of energy contributes
to an increase in the greenhouse gases in the atmosphere. These gases are trapped in the
atmosphere and hinder heat from escaping, and in turn, warm the Earth.
Environmentalists term this effect global warming. The possible consequences of global
warming are changes in the weather patterns, increases in storm severity and melting of
polar ice, which causes ocean levelstorise.

A solution to cut down on the use of natural gas and electricity isto use solar power
when possible. Solar ovens work by trapping heat from the Sun. The aluminum foil on
the lid reflects more of the Sun'slight into the box. The black paper absorbs the infrared
light/heat from the Sun, which heats up the air inside the box. Due to lack of circulation
in the box, the heat gets trapped and the temperature inside the box increases.

All objects emit infrared light. Hot object shine brightly in thiskind of light, but even
ice cubes emit some infrared light. Infrared light from the Sun is mostly absorbed in the
atmosphere and helps to warm Earth. Earth also emitsinfrared light. If our eyes were
sensitive to infrared light, we would not be able to see facial features the way we see
them with visible light; but, we would be able to see variances in peopl€' s body
temperatures.

Materials:

Electromagnetic Spectrum poster
Solar Oven:

Thin cardboard box (e.g. Pizza box)
Black construction paper
Aluminum fail

Clear cellophane

Tape

Glue
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S mores Ingredients:

2 Graham cracker squares per student
6 Small marshmallows per student
1/3 Chocolate bar per student

Preparation: May be done with students

Construct solar oven:

1. Cut asguareflap in the top of the cardboard box.

2. Glue duminum foil to the flap.

3. Tapeapiece of cellophane to cover the square hole in the top of the box.
4. Gluethe black construction paper to the bottom of the box.

Procedure:

1. Discuss the Electromagnetic Spectrum and focus on properties of infrared light. Refer
to the Electromagnetic Spectrum poster.

2. Discuss with students how each component of the solar oven works to trap heat.

3. Ask students which part of the oven reflects sunlight, which part is transparent to
sunlight, and which part absorbs sunlight.

4. Useaflashlight to demonstrate reflection, transparency, and absorption using the fail,
cellophane, and construction paper.

5. Ask studentsif they think that yellow construction paper be as effective as black
construction paper. Why or why not?

Using Solar Ovens: Outdoor activity for a sunny day.

1. Passout 2 graham cracker squares, 1/3 of achocolate bar, and six marshmallows per
student.

2. Have students place the chocolate on top of one square of graham cracker and place
in solar oven.

3. Have students place marshmallows on top of the other graham cracker square and

placein the oven.

Close the oven. Position the oven so that it receives as much sunlight as possible.

Usethereflective lid to reflect sunlight directly onto chocolate and marshmallows.

While students are making s’ mores in the solar ovens, have students make

observations about the oven as the s mores cook. Doesit fill with steam? Arethere

ways to make the oven hotter just using the sun? Does moving the box top and

directing the sun help to raise the temperature?

7. Remove both graham crackers from oven when chocolate melts and quickly put the
chocolate side of graham cracker onto the marshmallows of the other graham cracker.
(Note: marshmallows do not melt.)

SR CLEE o

Closure:
Have students draw a diagram of how each component of the solar oven helps trap heat.
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Trapping Heat:

Arrowsrepresent infrared light
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“What Does the Sun-Earth Connection Mean to...

a Doctor?”

Through exploration of the Sun-Earth connection from a doctor’ s perspective,
students will be able to examine the effects of the Sun on the human body. Students
reflect on decisions they have made concerning the interaction between their health and
the Sun’s energy and explore additional options they have to optimize this relationship.
Additionally, students will be able to take on the role of a doctor and evaluate a case
study of symptoms, diagnosing the ailment and making recommendations of how to
protect the “patients’ in the future.

Suggested Activities:

a EPA
For Sudents: http://www.epa.gov/students/
For Teachers: http://www.epa.gov/teachers/

o Diagnosis Sun
Online Activity on Adler Website

o UV Lightand YOU
Lesson plan included

©Adler Planetarium & Astronomy Museum -:/[‘ Astronomy Connections. Sun-Earth Connection
'I; Y

2001-2002 School Y ear

60



Title: UV Light and YOU %%Q\
S ,

Purpose: To detect UV light and discuss the effect of UV light on our
health.

Objectives:

* Studentswill be able to describe the effects of the radiation from the Sun on their
health (sunburn, circadian rhythms, vitamin-D, etc.)

o Studentswill be able to identify things they can do to change the impact of the Sun on
humans and their environment (CFCs/ozone layer, sunscreen, solar power).

| ntended Audience:
5" —8" grade

Time Required:
50 minutes

Background Information:

Ultraviolet is extreme violet light, and it falls just beyond the violet range in the
visible spectrum, which means we cannot see it with our eyes. The time of day when we
receive the greatest amount of sunlight and UV-light is midday, when the Sun is directly
over head. Thetime of year the Northern Hemisphere receives the greatest amount of
sunlight and UV-light is summer, when the Sun is at its highest point above the equator.
UV-light is something that humans need to have in moderation. Overexposure to UV -
light can cause sunburn, skin cancer, and eye damage. Some way's to protect yourself
from overexposure are to wear sunglasses, a hat, and sunblock or sunscreen when
spending alot of timein the Sun.

Not enough ultraviolet light can cause children to develop vitamin-D deficiency.
Ricketsis avitamin-deficiency disease that, in children, can lead to bone deformities.
Softening of the bonesis a symptom. Ricketsis caused by the lack of vitamin-D in the
body. The vitamin is necessary for calcium utilization for growing bones. Incidents of
rickets in the United States have increased in recent years due to children not drinking
vitamin-D fortified milk and underexposure to sunlight.

Materials:

Black light bulb

Mixed UV beads

Pre-cut 7-inch elastic string for bracelets (1 piece per student)
Desk lamp

Timer (classroom clock or stopwatch)

Plastic sandwich bags

Electromagnetic Spectrum poster

Optional
Sunblock of various SPF levels

Sunglasses
Observation record
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Preparation:
Cut elastic string into 7” pieces.

Procedure:

1. Ask students what they can tell you about UV light.

2. Using the Electromagnetic Spectrum poster, explain that ultraviolet light is extreme
violet light and is the region next to the violet range of the visible region on the
Electromagnetic Spectrum. Thistype of light is more energetic than the light we see
because its waves are smaller than visible waves. We cannot see the ultraviolet light
that reaches Earth, but we can be affected by it.

3. Explain that the UV-light detecting beads that we have contain UV-light sensitive
chemicals that change colors when ultraviolet light is present.

4. Passout elastic string and UV -light detecting beads to each student.

5. Have students to tape one end of the string to the table (to prevent beads from falling
off) and string beads onto the elastic string.

6. Have students partner up to tie bracelets around each others’ wrists.

7. Plugin black light, and let students examine the changesin color of the beads when
they are exposed to UV light.

8. If thereisawindow in the room, help students to make a prediction about the
intensity of the color change of the beads (if any) based on how much sunlight enters
the room.

9. Have students place a single bead on the table near the black light.

10. Ask the students: Does the whole bead change colors instantly? Which part of the
bead changes colors first? Why?

11. Have students place their bracelets on the table near the black light.

12. Ask the students: Do all the beads on the bracelet change color at the same time?
Which color beads change fastest? Which color beads take longer to change? Which
color beads do you think are best at detecting UV light?

Variationstotry:

Testing the effectiveness of various sunscreens

Ask students to coat the outside of a plastic bag containing UV detecting beads with
various grades of commercial sunscreens. When placed near the black light, which beads
(at what SPF) change first? The higher the SPF number, the higher the protection from
UV light.

Testing the effectiveness of glass to block UV radiation

Ask students to observe the effectiveness of glassto block UV radiation. Test the
effectiveness of sunglasses as protection against UV light by holding the lenses between
the black light and bead bracelet. Asan at home experiment, have students check the
ability of acar’swindshield and side window to block UV light. Some windows filter out
the UV radiation; othersdon’t. The front windows of automobiles usually filter out UV
radiation, the side windows don't.
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Observing the Sun's UV radiation

Ask students to observe how quickly the beads change during different times of day.
Doesit matter if the day is cloudy? The UV beads change more quickly when the Sunis
directly overhead and change even on a cloudy day. Note: This demonstration should
work when it is overcast/cloudy as well. It can be more convincing of the presence of
ultraviolet light even though we cannot see it with our naked eye.

Tracking activity

For aweek, have students wear their UV -detecting beads. Ask them to carefully observe
the beads and record changes at three different times during the day. Have students keep
arecord of the time of day, how long it takes the beads to change colors, and the intensity
of the color change (i.e., pale, medium, deep).

Closure:
Have students write a brief synopsis of some of the ways the Sun affects human health.
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“What does the Sun-Earth Connection Mean to...

?” (you fill it in)

In this culminating activity, students should expand upon the knowledge they
have gained throughout the previous activities. Thisisthe students opportunity to
explore an attribute of the Sun-Earth Connection that interests them.

Based upon what students decide to research for the final project, they will need
to know basic interactions between the Sun and Earth, and the basic processes and
structure of each. Additionally, the students will be responsible for communicating their
project to their class and students in other classroomsin a meaningful way. Most
students may choose to do thisvisually and literaly.

The project should be based on multiple disciplines. It should contain accurate
scientific knowledge but be creative in away that appeals to the public at large. The final
version of this project should be suitable to represent the student and school in an
electronic exhibit for the public.

Final Project:

Students will choose arole and track a part of the Sun for some period of time
(five daysto severa years, depending upon the perspective they choose.) They will then
present their findings and explain why it is important to the role they have chosen. The
displays can be paintings, graphs, images of what they tracked over time, QuickTime
movies, web pages, etc.

Examples:
» Track the Solar Wind patterns from Websites. Why is Solar Wind important to an
astronaut?

» What happensto a plant that is exposed to light 24 hours a day? Why isthis
important to an environmentalist?

» Track high temperatures for different seasons. What does this mean for the types
of crops a farmer plants?

» Track hours and directness of sunlight in an extreme Northern Hemisphere
country, such as Finland or Greenland. What impact could this have on a solar
power executive considering expanding his business into these countries?

* Do acomparison between sunrise and sunsets for atime. Write poetry or create
a photograph display.

* How do plants react to too much or too little sunlight? Why would this be
important to a botanist or farmer?

Resources:
Please check out the Annotated Resource List for suggestions of resources to use for final
projects.
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Annotated Resour ces

General Astronomy

Athena, Earth and Space Science for K-12.

http://www.athena.ivv.nasa.gov

Project focusing on Earth and Space. Provides activities and lesson plans on a variety of
topics. Each activity contains additional web links and definitions. There are interesting
language arts and historical activities about aurorae.

Space Science Ingtitute. Space Science I nstitute.

http://www.spacescience.org/

Focusing on space science research and educational outreach. Curriculum guides and
workshop information. Thisisthe link to SolarScapes guide.

Thursday' s Classroom. NASA.

http://www.thursdayscl assroom.com

NASA effort to connect recent science and the classroom. This website offers weekly
updated lesson plan information about scientific happenings.

Sun

The Annalemma. Bob Urshel.

http://www.anal emma.com/Pages/framesPage.html

Resources to explain the movement of the Sun as viewed across the Earth’s Sky.

CME Archives at MLSO. MLSO.
http://www.hao.ucar.edu/public/research/ml so/movies.html
This site contains tons of movies and data about CME’ s over time.

Cosmic and Heliospheric Learning Center . NASA.
http://helios.gsfc.nasa.gov/scycle.html#cyclenews

Introduction to solar cycles, plus an archive of articles from the news media about solar
cycles and activity.

Genesis. The Mission. Mission Timeline. Genesis Origins NASA.

http://www.genesi smission.org/index.html

Information and activities related to the Genesis mission, a satellite designed to collect
samples of the Solar Wind.

Interview with Sol. Robert J. Nemiroff.
http://antwrp.gsfc.nasa.gov/htmltest/qifcity/interv.html
A cute and informative “interview” with the Sun.

Mees White Light Telescope. Mees Solar Observatory.
http://www.solar.ifa.hawaii.edw/M WL T/mwlt.html
A site where you can get live data (and archived images) of the Sun in white light.
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MWO Sience HK Project. Mt Wilson Observatory.
http://www.mtwilson.edu/Science/HK _Project/
A great place to get current data about the Sun!

SOHO: Exploring the Sun CD-ROM. NASA, ESA.
An interactive CD-ROM which contains many facts and images about the Sun
from the SOHO spacecraft.

The Solar and Heliospheric Observatory. SOHO, ESA, NASA.
http://sohowww.estec.esa.nl

A Website containing many useful resources for tracking Space Weather as well as Sun
Datal

Solar Sounds. Michelson Doppler Imager project.

http://soi .stanford.edu/results/sounds.html

While the underlying concept of the Sun’s modes is written at ahigh level, it is still
interesting to hear the sounds representing the “ringing” of the Sun, which have been
taken by a satellite.

Stanford SOLAR Center. Stanford SOLAR Center.
http://solar-center.stanford.edu/
Interdisciplinary activities, based on satellite data, to incorporate in the classroom.

The Sun-Earth Connection, Concepts Web page. University of Western Ontario.
http://lucille.physics.uwo.ca/SunEarth/

This site contains a section entitled "The Solar Wind and Earth" that is particularly about
impacts on Earth. A simple overview of the energy and atoms emitted by the Sun, energy
transfer, and effects of the energy and atoms on Earth and Earth's atmosphere.

YPOP Home Page. Lockheed Martin Solar and Astrophysics Lab and the Physics
Department of Montana State University.

http://www.lmsal.com/Y POP/

Resources from the Y ohkoh satellite. Great images of the Sun and Classroom resources!

Sun-Earth Connection

The Aurora Page. MTU.
http://www.geo.mtu.edu/weather/auroral

A great page with forecasts and images of aurorae.

The Dynamic Sun CD-ROM. SOHO, NASA, ESA NP-2001-1-156-GSFC.
A CD-ROM that contains images, animations, links to further information, and teachers
guides for elementary, middle, and high school.

IMAGE Science Center. IMAGE, GSFC, NASA.

http://image.gsfc.nasa.gov

The Imager for Magnetopause - to - Aurora Global Exploration Satellite Home Page.
This satellite collects information about plasma in the Magnetosphere.
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Passport to Knowledge: Live from the Sun, Passport to Knowledge.
http://passporttoknowledge.com/surn/live_sun.html

The sun as a star, how the sun works, the Sun-Earth Connection and the Sun and human
history are the four major topics this site covers. It offers avariety of web links within
the topics as well as video clips produced specifically for this project. Itisalittle
difficult to navigate, but providesgreat information.

POETRY Space Science Education. IMAGE, GSFC, NASA.
http://image.gsfc.nasa.gov/poetry

The Education page for the IMAGE Satellite. You can find links to Lesson Plans, News
stories and 1800 Frequently Asked questions!

Press Release for Core Discovery. Columbia University.
http://www.ldeo.columbia.edu/press _releases/song/pr.html

An article about a new discovery about the spinning of the Earth’s core. This new
discovery may explain why the positions of the Earth’s magnetic poles change over time.

Savage Sun. Discovery Channel School. Discovery Communications, Inc. 1997.
A classroom video in two parts about some of the Sun’s impacts on the Earth. Each part
has pre-viewing and post-viewing discussion questions.

Space Weather : Modern Impacts. NASA NP-2000-11-134-GSFC.
A Folder that contains many resources for The Sun-Earth Connection,
including posters and "Living with a Star" Materials.

The Sun-Earth Connection Program. NASA.

http://sec.gsfc.nasa.gov/

NASA dividestheir satellite missions into categories. Thisisthe home page for the
missions that study the Sun-Earth Connection. Here you can find links to these missions
and their education and outreach materials.

The Sun-Earth Education Forum. NASA.

http://sunearth.gsfc.nasa.gov/

NASA dividestheir satellite missions into categories. Thisisthe home page for the
education and outreach sections of missions that study the Sun-Earth Connection. Here
you can find links to these missions and their education and outreach materials.

The Sun-Earth Education Forum 2000 Classroom Activities. NASA.
http://sunearth.gsfc.nasa.gov/educators/class.html

A variety of classroom activities on many sub-topics of the Sun-Earth Connection,
assembled by NASA’s Sun-Earth Connection Forum.

To Learn More. ISTP NASA.
http://istp.gsfc.nasa.gov/istp/outreach/learn.html
Information about Sun-Earth Days and selected lesson plans.
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Electromagnetic Spectrum/Light

Color and the World Around You. ThinkQuest. Julie Newcomer, John Entwistle, Julie
Ates, Josh Thom.

http://library.thinkguest.org/50065/index.html

Interactive website exploring the attributes of color from art, science and psychological
perspectives. Students can participate in on-line activities with an electronic record sheet
to fill out and print for teachers.

Electromagnetic Spectrum. Rutgers University Institute of Marine and Coastal Sciences.
http://marine.rutgers.edu/mrs/class/josh/em_spec.html

This Website contains a useful diagram of the Electromagnetic Spectrum and some
additional information and links.

The Exploratorium : The Museum of science, art and human perception. The
Exploratorium.

http://www.expl oratorium.edu

This Website offers a multitude of on-line experiences. From live web caststo 3-D
galeries. Alsoincluded isaLearning Center to explore recent phenomena. One
recommended resource is Bob Miller’s Light Walk in the Learning Center.

Imagine the Universe. NASA, GSFC.

http://imagine.gsfc.nasa.gov/

Within this website teachers can find useful information and lesson plans for the
el ectromagnetic spectrum.

Innervisions: Fine Art X-Ray Photography. Steven N. Meyers.
http://www.xray-art.com/

This Website explores the artistic importance of x-ray light. Steven N. Meyers
emphasi zes the uncovered beauty of plants and flowers using x-ray light. Includesa
galery of images, background and technique information.

Mulitwavel ength Milky Way. NASA, NW-2000-7-008-GSFC.
A poster showing the Milky Way Galaxy in many wavelengths as viewed from Earth.

Solar Storms

Solar Sorms and you. IMAGE, GSFC, NASA.

http://image.gsfc.nasa.gov/poetry/NA SA Docs/nasal. pdf

Thislinks to alarge pdf document prepared by NASA containing information and |esson
plans for educators about Solar Storms.

Space Weather. UCAR.
http://www.windows.ucar.edu/spacewesther/spweather_5.html
This Website highlights the Effects on Earth of Space Weather.
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Magnetism

The Exploration of the Earth's Magnetosphere, David P. Stern and Mauricio Peredo,
NASA, GSFC.

http://www-spof.gsf c.nasa.gov/Education/I ntro.html

A HUGE Website with tons of information about the Magnetosphere. If you have a
guestion about this topic, chances are the answer isin here!

The Geomagnetic Field - Frequently Asked Questions. Susan McClean, NOAA.
http://www.ngdc.noaa.gov/seg/potfld/faggeom.shtml
A managable list of FAQ about the Geomagnetic Field with concise answers.

Geomagnetic Data at NGDC. Susan McClean, NOAA.
http://www.ngdc.noaa.gov/seg/potfld/
Up to date archive of datato help understand Earth’s magnetism.

History

Logos. Argonne National Laboratory.
http://www.anl.gov:80/OPA/logosl18-1/astrosidebar.htm

Provides articles on advancement of science. This article features an Adler Planetarium
Astronomy Historian and his analysis of an astrolabe, a piece of the Adler astronomical
tools collection.

The Sun: Man’s Friend and Foe. Elizabeth Beckett, Holly Bemitt, and Vishwa Chandra
http://library.thinkquest.org/15215/Culture/Sun_gods.html

Website integrates the fine arts, history, and science about the Sun. Includes ateacher
guide and sections pertaining to Sun gods, sun music, dance, painting and art.

Earth Science

Dr. Art’s Guide to Planet Earth. WEST ED Publishing.

http://www.planetquide.net/

Provides supplemental information for the text. Includes ssmulations, activities and
demonstrations.

Environmental Protection Agency. U.S. Environmental Protection Agency.
http://www.epa.gov

Site for important information pertaining to environmental issues. There are kid, student
and teacher sections, within the Educational Resources page. Contains on-line and
classroom activities about subjects such as ecosystems, air, water, pollution and
conservation.

Sundials

The British Sundial Society. The British Sundial Society.

http://www.Sundial soc.org.uk

Offersan online galery of sundials. Includesimages of sundials along with background

information on each piece. Thisisavery extensive collection, with sundials of all kinds.

Also includes templates for making various types of sundials, aswell as FAQ and generd
sundial history.
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Sundial Project. Urbana, Illinois High School.
http://www.cmi.k12.il.us/Urbana/projects’UHSA rt/mic3/Sundial project.html

3-D art class project demonstrating the integration of science and art through exploration
of sundials. Includes agalery of student constructed sundials, background information
needed for construction, information about the Adler Planetarium partnership, and
additional links that were helpful in their project.

Meteorology

Ask Tom Why. Chicago Tribune.

http://www.chi cagotribune.com/news/l ocal/chicago/

Daily answers from Meteorologist Tom Skilling to readers questions concerning the
weather. Also containsinformation on how to send in a question.

Windows to the Universe : Seasons . NASA.
http://windows.ivv.nasa.gov/cgi-bin/tour_def/the universe/uts/seasonsl.html

This Website offers information at Beginner, Intermediate, and Advanced levelsto
accommodate students' various needs. This site also offers information on how the
atmosphere plays arole in the amount of sunlight received by Earth's surface creating
Seasons.

Eclipses

Eclipse Home Page. NASA, GSFC.
http://sunearth.gsfc.nasa.gov/eclipse/eclipse.html

Chronological List of Solar Eclipses, including paths, videos, links to information of
what the eclipses looked like from different locations on Earth.

Mr.Eclipse.com: The Ultimate Resource for Eclipse Photography. Fred Espenak.
http://www.MrEclipse.com/

Contains basic vocabulary and explanation of Eclipses. Additional information includes
solar eclipse photography tips with agallery, linksto past eclipse data, lesson plans,
videos, travel information and everything one would want to know about solar and lunar
eclipses.

NASA isthe National Aeronautics and Space Administration.

GSFC is Goddard Space Flight Center, a NASA Center that produces and distributes
educational materials related to NASA missions and Forums.

IMAGE, SOHO, and Y OKOH are satellite missions that have associated educational
materials.

ESA isthe European Space Agency.

NOAA isthe National Oceanic and Atmospheric Administration.

ISTPisthe International Solar-Terrestrial Physics project.

UCAR isthe University Corporation for Atmospheric Research.
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Figure 2: Convection in the Sun is much like the motion of boiling water in a pot. Water or plasmais
heated at the bottom, risesto the surface and coals, giving off its heat. (Image Credit: Adler
Planetarium & Astronomy M useum)

Finally, pulled along by rising gas, the energy reaches the surface of the Sun where the density
drops dramatically (that's what surface means, right?) The photons suddenly are free to zoom off.
Think again of the crowd analogy. After the crowd exits and thins out, you can move freely and in
astraight line to where you want to go. This surface is called the photosphere. All the light we get
from the Sun comes from the photosphere. The word “photo” is Greek for “light.” The following
diagram illustrates the structure of the Sun from the core to the surface. A typical photon takes
many hundreds of thousands of years to escape the Sun!
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Figure 3: Cutaway diagram of the Sun showing the different layers. The mottling, or granulation, on
the surfaceis dueto the convective motion of plasma in the Convection Zone. (Image Credit:

Solar Scapes, Space Science Institute,

http://www.spacescience.or g/Education/Resour cesFor Educator /CurriculumM aterials/Solar scapes/
Figurel.pdf)

As described, after countless collisions the photon finally escapes from the Sun. By thistime,
however, it has shared its energy with so many other particles that its energy is tremendously
reduced. Instead of gamma rays, the Sun emits mostly visible light, millions of times less energetic.
It isthislight that bathes the Earth, drives our weather, and sustains life. But the Sun does more
than simply emit light. It also interacts with the Earth more directly.

Just like the Earth, the Sun has a surface and an atmosphere. In the Sun's case the surface is not
solid or even liquid, and thus not nearly so well defined. Still, beyond a certain point the density
drops very rapidly. Everything beyond the sharp density drop-off is considered the atmosphere of
the Sun. Unlike the Earth, however, the atmosphere of the Sun does not drop off so rapidly. In fact,
a continuous stream of matter flows out from the Sun, almost a million tons per second. In avery
real sense the Earth is actually within the Sun! Of course, space is very large indeed, so at the
Earth's distance the Sun's "atmosphere" has only afew atoms per cubic centimeter, about ten
million trillion times less dense than the air we breathe. This outflow of material, moving at
between afew hundred and a thousand kilometers per second, is called the solar wind. We still
don't know exactly how the solar wind is formed. What we do know is that as you move away from
the center of the Sun, the temperature of the plasma decreases from about 15 million °C in the core
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to perhaps 6000 °C at the photosphere. Above the photosphere, however, this trend reverses and the
rapidly thinning plasma actually gets hotter—much hotter. In the inner atmosphere of the Sun,
called the corona, temperatures can reach millions of degrees again. Thisis such a high temperature
that the atoms move very quickly and are able to escape the Sun entirely. These escaping atoms are
the solar wind. We don't know exactly where the energy that heats up the plasma comes from, but
we think it has to do with the magnetic field of the Sun.

1) The Sun and Magnetic fields, a Wildly Woven Tapestry

Both the Earth and the Sun have magnetic fields, but they are very different. The Earth's field looks
roughly like that of a bar magnet. The Sun's magnetic field is much more complex. Why? The
reason has to do with the properties of plasma, of which the Sun is composed. Like gas, plasmais
fluid, and expandsto fill any container. So what is the difference between plasma and gas? Gasis
turned into plasma when the temperature is made so high that the collisions between atoms are
violent enough to rip the electrons away from the nucleus. The result is a mixture of negatively

charged electrons and positively charged nuclei. They can't get back

together again because if they try, they are broken apart again by Moving char ges create
the next collisionin no time at all. So plasma composed of charged magnetic fields and
particles. Gas, in contrast, is composed of neutral atoms. The magnetic fields bend

difference isimportant because of the connection between
electricity and magnetism, which are really part of the same force.
Moving charges create magnetic fields, and magnetic fields bend

the path of moving
charged particles.

the path of moving charged particles. Thusit is difficult to make
charged particles flow across a magnetic field. Neutral particles, on the other hand, have no
problem whatsoever. Imagine a gas flowing through a magnetic field. The gas, with its neutral
atoms, won't even "notice" that the field is there. But now try the same thing with a plasma. The
charged plasmawill flow in very different patterns asit tries to follow the fields instead of flowing
across them. The picture below illustrates this with what is known as a prominence. It looks as if a
huge jet of material was thrown off the Sun and is arching back due to the influence of gravity. But
looks can be decelving. The plasma s arching not because of gravity , but because it isfollowing
the magnetic fields of the Sun as shown in the accompanying diagram. So magnetic fields bend the
path of moving plasma. But the reverseis also true. A huge mass of moving plasma can also drag a
magnetic field along with it.
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Figure 11 : A much higher resolution spectrum of the Sun. Each row isjust a part of the spectrum
and wraps around like lines of text on a page. Y ou can see some of thethousands of linesin the solar
spectrum.(Image Credit: Nigel Sharp, NOAO/NSO/Kitt Peak FTS/ AURA/NSF)

Spectroscopy can tell us even more than this. The spectral lines mentioned before turn out to be
sensitive probes of solar conditions. For example, under high magnetic fields, some of these lines
will split into three. The greater the split, the stronger the magnetic field. Thisis how we know that
sunspots and the solar cycle have to do with the Sun's magnetic field. Another use of spectral lines
isto measure the velocity of material on the Sun. As an object moves towards an observer, it
appears bluer. Asit moves away from the observer, it appears redder. Thisis known as “the
Doppler shift.” Astronomers can measure this shift and calculate how quickly an object moves.
Thisis how astronomers have determined the convective motions of material on the Sun. The
warmer, rising material is slightly blue-shifted while the cooler descending material is red-shifted.

By examining the light we receive from the Sun, we can learn agreat deal about its surface. But
how do we know about what is going on thousands or even hundreds of thousands of miles below
the surface? This would seem to be forever beyond our reach! Scientists have three ways of
learning about the depths of the Sun. The first is by very detailed modeling of the physicsinvolved.
If we can make a computer model of the Sun that relies on known physics and replicates the
exterior of the Sun, then we can have some confidence in the predictions it makes about the
interior. We often make predictions about things we can't actually see based on our understanding
of the world. Imagine that you see the top of achair but that alow wall isin the way, hiding the
legs. Y ou would neverthel ess assume that the chair really does have legs because you have a
mental picture of what a chair looks like, and you also know that the chair has to have some
support or it would fall to the ground.
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Our second method for learning about the interior of the Sun is by atechnique called
Helioseismology. Helioseimology measures the vibrations of the Sun, using the Doppler shift to
track the motion of the Sun's surface. The whole Sun “rings’ just like abell! Imagine there are two
bells side by side—one made of metal, the other of plastic painted to look exactly like metal. Y ou
might not be able to tell the difference ssmply by looking at them, but if you ring each one they will
sound very different. The different tones tell us something about the interior composition of the
bells. Helioseimology works in exactly the same way. The “ringing” patterns on the Sun's surface
tell usalot about itsinterior.

Figure 12: lllustration of the patterns of motion on —and in—the Sun duetoits“ringing.” Theblue
and red show areasthat are moving outward and inward. (Image Credit: NOAO/AURA/NSF)

Finally, the third way we learn about the interior of the Sun is through particles called “ neutrinos”
(little neutral ones). The nuclear fusion processes that produce the energy that powers the Sun also
produce neutrinos, which are atype of subatomic particle. Neutrinos, unlike photons, barely
interact with normal matter at all. A typical neutrino could fly though atrillion miles of solid lead
asif it were no barrier at all! So neutrinos don't bounce around inside the Sun for years and years
like photons, but travel directly out, reaching the surface in a couple of seconds. These neutrinos
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keep traveling through space, and some pass through the Earth. Scientists have set up sophisticated
experiments to detect neutrinos. Since they were produced in the core of the Sun, solar neutrinos
carry information about this otherwise inaccessible region. Using neutrinos, we can gaze directly
into the very “heart” of our star.

V) The Sun and Space Weather

Remember the solar wind mentioned earlier? The solar wind isavery, very dilute plasma of
charged particles flowing out from the Sun. Asit passes by the Earth, it interacts with the Earth's
magnetic field. The diagram below shows what this magnetic
fidd serrounding a b magnet. The (1 ook mosiy hosame, | 1116 cf1arged particles
but the Earth's is compressed on one side and stretched out on of the solar wind both
the other side. It looks likeit isin ahigh wind, whichisexactly | affect and are affected
the case. Remember that the charged particles of the solar wind by the magnetic field
both affect and are affected by magnetic fields. Aswell as of the Earth.

mildly distorting the shape of the Earth's magnetic field, some of
the solar particles get trapped in it, forming “belts’ of radiation.
These are called Van Allen belts after their discoverer. A small fraction of these charged particles
move along the magnetic lines to the North and South Poles, where they can descend into the
Earth's atmosphere. When they enter our atmosphere, the particles interact with gas molecules,
which then produce eerie, multicolored, glowing curtains of light. These are the Aurora Borealis,
or “the Northern Lights.” Similar “ Southern Lights” displays also occur near the South Pole.

Figure 13: The magnetic fields of a bar magnet and of the Earth. There are similarities, but the
diagram on theright shows how the Earth’s magnetic field is stretched out to one side. (Image
Credits: Left: Adler Planetarium & Astronomy Museum, Right: SOHO)
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Figure 14 : False color image of the aurora from space. Under normal conditions aurorae form only
closetothe Poles. (Image Credit: G. E. Parks, University of Washington, UVI Team, POLAR, NASA)

Normally, the interaction between the solar wind and the Earth's magnetic field is quite mild.
However, every once in awhile—typically during the “active’ part of the solar cycle—the Sun will
send out a huge burst of plasma, for example from aflare. Thisis called a“Coronal Mass Ejection”
(CME). This sudden onslaught of high density plasma, also called a solar storm, can cripple
satellites and disrupt communications. It also presses against the Earth's magnetic field, wildly
distorting it and dumping the trapped particles into the North and South Poles all at once. At these
times, huge auroral displays occur, which can sometimes be seen as far south as Mexico! The
rapidly changing magnetic field can aso induce powerful currents of electricity in electric power
grids here on Earth. A very strong solar storm caused the collapse of Montreal's power system in
1989, leaving six million people without electricity. Since we can't stop such storms, it isvery
important to have sufficient warning to prepare for them. The prediction and monitoring of such
“gpace weather” is one reason that we have satellites dedicated to observing the Sun.
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depend on the gases excited by theinfalling char ged particles.(Image Credit: Don Rice, D.
Hutchinson)

V1) TheLight of the Sun

Of course, we receive more than just charged particles from the Sun. The Earth is bathed in light
from the Sun, which warms the Earth and makes life possible. Visible light is a particular form of
electromagnetic (E-M) radiation. When used in thisway, “radiation” has nothing to do with
“radioactive.” As mentioned above, the Sun also emits other forms of E-M radiation ranging from
high-energy gamma raysto very low-energy radio waves. Visible light photons have an energy
somewhere in between these two extremes.
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High Energy Wavelength Low Energy

Figure 16: The Sun emits many forms of light, ranging from high-energy gammaraysto very low-
ener gy radio waves. The wavelengths are measured in “nanometers’ (nm = 10°m).(Image Cr edit:
Adler Planetarium & Astronomy Museum)
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Not all types of E-M radiation can penetrate the atmosphere. While this makes life difficult for the
solar scientist, it makes life on Earth possible in the first place! Ultraviolet light, for example,
damages DNA, causing mutations and thus with enough exposure skin cancer. If it reached the
surface of the Earth unabated, most forms of animal and plant life would die. Luckily, it is mostly
blocked by the ozone layer of the atmosphere. Thisiswhy the thinning of the ozone layer is such a
dangerous phenomenon. Thus, the light of the Sun is a precarious thing. Too much and life could
be wiped out, too little and the Earth would be a cold, lifeless waste. The following descriptions
delineate the various forms of el ectromagnetic radiation emitted by the Sun, whether they penetrate
the atmosphere, and their effects here on Earth.

Gamma Rays and X-Rays high energy
These are completely blocked by the atmosphere. They are produced in the corona
of the Sun (remember, the ones in the core are absorbed by the intervening
layers) and were only observable with the advent of the space age. The
X-raysthat doctors use are produced by X-ray machines. Only recently have
we been able to observe the X-rays that are produced by the Sun.

Ultraviolet Light
Thisis mostly absorbed by the ozone layer. The little that makes it through
isimportant to life forms. In humans, it is crucia to
the body's production of vitamin D. Insects use ultraviolet rays
for navigation.

Visible Light
This makes it through the atmosphere unimpeded. Thisisthe light we see.
Along with infrared light, it is responsible for keeping the planet warm and
driving the weather system. Most life is ultimately based on the
energy of incoming visible light utilized by plants.

Infrared Light
Although mostly absorbed by the water vapor, carbon dioxide, and methane in
the atmosphere, it isresponsible for keeping the planet warm along with
the visible light and for driving the weather system. It isinvisible
to humans, but some animals can seeit.

Microwaves
These are the same as the microwaves used in a microwave oven, although those are
generated electronically, not by the Sun. The atmosphere absorbs some
microwaves, but others reach the Earth, where they are useful for studying
the Sun.

Radio Waves low energy
Radio waves penetrate unimpeded to the surface. They have very
little influence on the Earth, however. Humans generate radio waves for
communication, such astelevision and radio.

Asyou can see, the various types of light from the Sun have many different effects. Perhaps most
importantly, the Sun's light warms the Earth. Without it, the Earth's temperature would hover
barely above absolute zero, which is hundreds of degrees below the zero Fahrenheit or Celsius that
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we know. The gases in the atmosphere would freeze out, and the oceans would become solid ice. In
addition to keeping the temperature elevated, the light of the Sun also drives the weather patterns
on the Earth. Near the equator, the light of the Sun is stronger because it is higher in the sky, just as
noon is hotter than sunset. This means that the temperatures are higher there. Generally speaking,
this causes the hot air to rise and then spread out over the Earth. Upon reaching more northerly—or
southerly—Iatitudes, the air cools and descends. It then flows back to the equator, where the cycle
begins again. Sound familiar? These "Hadley Cells" are another example of convection, thistime
transferring heat from the equator horizontally to the temperate zones.

If the Earth was a perfectly smooth, round surface made completely of the same stationary materia
like abilliard ball, this might be all that happened. But the Earth is not smooth or simple. It has
mountains that deflect the air, it absorbs heat differently at different points, has water that
transports heat from point to point in ocean currents, and also spinson its axis. The result is that the
motion of heat and air is very complicated, with abundant small details. We call this “weather.”

VII) The Sun in the Skies of the Earth

Even before people understood the details of how the Sun worked, they were aware of its supreme
importance in thelir lives. It is no accident that so many ancient religions had as their magjor god a
personification of the Sun. To ancient peoples, it was extremely important to be able to track the
motions of the Sun in the sky and predict the coming of the seasons. After all, planting seeds at the
wrong time could lead to complete disaster.

To understand the Sun's motions and their effects, it is easier to start by imagining the Earth
entirely alone. Without the Sun, it would be night everywhere on the Earth at the sametime. The
stars would silently wheel by, east to west, as the Earth turned. L ooking to the north, we would see
the stars moving in slow circles around the Pole Star, Polaris. Any particular star would always rise
in the same location and set directly opposite. That is, if astar rose in the east at a point 30 degrees
from due south, it would set in the west at a point 30 degrees from due south. And that would beit.
Nothing else would happen. The stars would follow the same paths as seen from the Earth, over
and over without change. The way in which the stars appear to move in the sky, or “apparent
motion,” is a consequence of the rotation of the Earth. The stars seem to move, but of courseit is
the Earth that is moving.

But of course, the Sun does exist. Now imagine the Earth spinning on its axis, but with the Sun
very far off to one side. Half of the Earth will beilluminated at any given time. This, of course, is
day. Some of the stars will be hidden by the Sun and we will be unable to see them. Asthe Earth
rotates, the Sun will appear to rise and set along with the unseen starsthat it isin front of. If the
Earth were stationary, this would be the whole story. The same stars would be blocked al the time,
and the Sun would simply rise and set in exactly the same way each day. But the Earth moves
around the Sun. Asthe Earth moves through the year, the Sun blocks different stars. Y ou may have
experienced this phenomenon at the movies when you move your head, and the head of atall guy
in front of you blocks a different part of the movie screen. Thisiswhy we see different
constellations at different times of the year. Each day the Sun appears to move just alittle bit
relative to the stars. In ayear, it goes completely around and comes back to the starting point. The
path it takesis called the Ecliptic.
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Imagine standing in the center of aracetrack. Asthe cars go around they will appear to trace out a
circle. The cars appear to go horizontally. They do not appear to be moving up in the direction of
your head or down in the direction of your feet. If you tilt yourself abit, the cars will appear to be
sometimes up and sometimes down. Thisis exactly what happens with the Earth. It istilted by 23.5
degrees compared to how it travels around the Sun. So, sometimes the Sun appears to be a bit north
and sometimes a bit south. Thus, as the year progresses, the Sun appears to set in dightly different
locations. The winter and summer solstices mark the most southern and northern sunrises
respectively, while at the equinoxes the Sun rises and sets exactly in the east and west.

As the Sun moves along the Ecliptic it appears higher and lower in the skies. This has a huge effect
on life on the earth. In the winter, when the Sun islow in the sky, less solar energy fallson agiven

unit of area on the surface of the earth, and the wesather is
much colder. Some plants and animals become dormant. In | In the summer, when the
the summer, when the Sun ishigh in the sky, alot moresolar | Sun ishigh in the sky, a
energy fallson aunit of area on the earth, and the weather is lot more solar energy falls
much warmer. Plants and e}nl_mals do nof[ have to compete as on a unit of area on the
strongly for resources, and it is the best time to reproduce. In th d th ther i
the Southern Hemisphere, however, things are reversed, since eartn, an eweather 1S
they are standing upside down. When the Sun is “higher” in much war mer.

the Northern Hemishphere, it is“lower” in the Southern
Hemisphere, and vice versa. This means that “summer” in the Northern Hemisphereis “winter” in
the Southern Hemisphere, and “winter” in the north is“summer” in the south. Australians never
have awhite Christmas... If, like the planet Venus, the earth's rotational axis had no tilt relative to
its orbit, there would be no seasonal variation in the earth's climate—it would be perpetual spring
everywhere. If, like the planet Uranus, thetilt of the earth's axis were as large as possible or 90
degrees, we would have much more extreme seasons—much colder winters and much warmer
summers.

Spring in the Marthern Hemisphere
Autumn in the Socuthern Hemisphera
March 21 ¢ Winter in the Northern Hemisphere
' Summer in the Southern Hemisphere

I|||!|-..'-"I‘r

Surmmeer in the Northern Hemisphene
Winter in the Southern Hemisphere '

Autumn in the Mortherm Hemisphere
Spring in the Southern Hemisphere

Figure 17: Seasons are dueto thetilt of the Earth, not dueto a variation in distance to the Sun.(Image
Credit: Adler Planetarium & Astronomy Museum)
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VII1) The Human Connection

Keeping track of the Sun's cycles has always been important to human cultures. Seeing a certain
star or constellation rise just before the Sun or set just after the Sun fixes a certain time of the year,
and might tell the people of aculturethat it istimeto plant or to expect the river to flood. Since the
very existence of a people may depend on these agricultural cycles, the Sun has played an
extremely prominent role in early cultures around the world. It's pretty natural that the Sun God in
many pantheons is the chief god, who grants life to the other gods and humans. In ancient Egyptian
mythology the rising of the Sun each day was viewed as aliteral reenactment of the creation. The
Sun also figures large in human art. Solar figures representing renewal and life abound. It isno
coincidence that Christian artists have traditionally portrayed God as radiating light (and glory).

Figure 18: Aerial view of Stonehenge. The stoneswere aligned with the rising of the Sun on particular
daysof theyear. It isbelieved that its use was primarily ceremonial. (Image Credit: Chris
Whitcombe, Sweet Briar College)

Many ancient cultures established special places or "observatories' for tracking the seasona

motion of the Sun in the sky. The point on the horizon where the Sun appearsto rise or set changes
over theyear. There are many archeological sites all over the world that are thought to provide
views of special places on the horizon, such as notches between mountain ranges where the Sun
appearsto rise on the winter or summer solstices, important dates in the solar calendar. The
solstices are easier to observe than the equinoxes, since the Sun appears to stop rising further and
further north on the summer solstice, stops, and begins moving south again day after day ("solstice"
isderived from the Latin "sun stands"). Thus, keeping track of the rising of the Sun can also fix the
time of year. When the days have been getting shorter and shorter and the Sun getting lower and
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lower it's very reassuring to know when the trend has stopped and the Sun is returning to "life".
Celebrations of this moment (sometimes to ensure that it happens!) are common. It isimportant to
note that "observatories' such as Stonehenge and Machu Picchu are about ceremony and not
precision observations. That said, there are some structures, particularly in civilizations such as
China, that allow quite accurate measurement of the length of the year.

Keeping track of daily and seasonal cyclesis also important to humans for navigation. Watching
the path of the Sun through the sky and observing its atitude at noon can help an observer
determine latitude. Observations of the Sun combined with an accurate clock allow an observer to
determine longitude.
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