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Intfroduction

he Sun is not only the easiest astronomi-

cal object in the sky to observe, but it has

a greater influence on our lives than any
other cosmic object. The fundamental elements
of how we mark time—the day and year—are
based on the Earth’s relationship with the Sun.
The cycle of our seasons (from winter to sum-
mer and back to winter again) has to do with
the tilt of the Earth toward or away from the
Sun as a year passes.

The charged particles streaming from the Sun’s
surface (the solar wind) cause the spectacular
auroras that people travel thousands of miles and
brave the cold of northern nights to see (Figure I.1).
When these particles overload our planet’s storage
capacity, they can disrupt our radio transmissions
and interrupt electrical power distribution. As
our civilization gets more and more intercon-
nected on Earth and in space, the chances of seri-
ous problems from a storm on the Sun increase.

The unique relationship between sizes and dis-
tances in the Earth-Moon-Sun system also cause
spectacular eclipses of the Sun and the Moon.
Total solar eclipses that reveal the eerie glow of
the Sun’s outer atmosphere (the corona) are so
beautiful and rare that people travel from all over
the world to witness them (Figure 1.2).

Both the new and the older science standards
suggest that students need to have a good funda-
mental understanding of the Sun’s effect on their
daily lives. There’s no better way of providing

FIGURE I.1

FIGURE I.2

Total solar eclipse showing the Sun’s
corona, which becomes visible during
totality

that understanding than through the kinds of
eye-opening (indeed, mind-opening) experiences
in this volume.

This book is specifically designed for instruc-
tors of grades 5-8 who teach about the Sun and
Moon and their cycles as well as eclipses, but
some of the materials could easily be adapted
for higher grades or (informal) settings outside
of school. Throughout, we provide classroom-
based activities, background information, and

(Left) Aurora (northern lights) above Bear Lake in Alaska
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. . . FIGURE 1.3
experience with the science prac- ———

tices and crosscutting concepts
identified in the Next Genera- satellite
tion Science Standards (NGSS).

The core of the book is a series of
student-centered learning experi-

ences that put the students in the

position of being scientists: ask-

ing questions; exploring phenom-

ena; and drawing, discussing, and

refining conclusions.

Educators who use the expe-
riences and suggested teaching
strategies in this book will involve
students in the three-dimensional
learning process recommended by
the NGSS, effectively integrating
the teaching of the disciplinary core ideas, sci-
ence practices, and crosscutting concepts related
to the Sun and the Moon and their motion in the
sky. Sections strategically located throughout
the chapters identify especially good places to
emphasize the three-dimensional learning that
students are experiencing.

In addition, we provide a variety of resources
that connect the content to best practices in math-
ematics and literacy, including the use of age-
appropriate web pages and real-time data from
observatories and satellites, such as the Solar
Dynamics Observatory (Figure 1.3).

Although the first edition of this book is timed
to allow teachers to prepare for the Great Ameri-
can Eclipse of 2017, which will be visible through-
out the United States, the book is not tied to that
event and will be useful for teaching about the
Sun and its effects on our culture and our under-
standing of nature in any year.

A digital rendering of the Solar Dynamics Observatory

How This Book |s Organized

The book contains four chapters, each of which
deals with disciplinary core ideas in the NGSS:

1.  Understanding and Tracking the Daily
Motion of the Sun: What does the Sun
do in the sky each day, and how does that
relate to our notions of time and direction?

2. Understanding and Tracking the Annual
Motion of the Sun and the Seasons: How
does the Sun’s motion and position in the
sky vary throughout the year, and how
does that relate to our ideas of a calendar
and the seasons?

3. Solar Activity and Space Weather: What
phenomena do we observe on the surface
and in the atmosphere of the Sun, and how
do these influence what we observe and
how we live our lives on Earth?
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4. The Sun, the Moon, and the Earth
Together: Phases, Eclipses, and More:
How do the relationships among the Earth,
the Moon, and the Sun produce solar and
lunar eclipses?

Each chapter identifies the specific perfor-
mance expectations, disciplinary core ideas, sci-
ence practices, and crosscutting concepts in the
NGSS that are addressed in the activities. Also
listed are connections that the experiences make
with the math and literacy standards in the Com-
mon Core State Standards (CCSS).

Learning experiences in each chapter move stu-
dents from initially engaging with the disciplinary
core ideas, science practices, and crosscutting
concepts to having a deeper understanding of
each of them. These experiences follow the suc-
cessful 5E Instructional Model developed by
Biological Sciences Curriculum Study (BSCS; see
the more detailed explanation of the 5E Model,
p. xviii), dividing the experiences into the follow-
ing five categories:

Engage experiences hook the students
into wanting to learn more about the
topic and reveal their preconceptions
about the subject.

Explore experiences allow students to
build from their preconceptions by mak-
ing observations (e.g., by viewing the
Sun through special glasses [Figure 1.4,
p- xvi]), and using the scientific practices
to generate questions and consider new
ideas based on their observations.

Explain experiences allow the teacher,
@ via continued student discussion and

activities, to help students develop a
deeper and improved understanding

Intfroduction

of the core disciplinary ideas, scientific
practices, and crosscutting concepts.

Elaborate experiences provide oppor-
14
£ 8 tunities for students to apply their new
level of understanding to related ques-
tions or topics.

Evaluate experiences allow students
L S (and teachers) to gauge how well they
@ understand the concepts covered in

the chapter.

Each learning experience in the book provides
all you need to organize, prepare, and implement
it, offering the following information:

1. Overall concept: A general description of
the experience.

2. Objectives: What students will learn or
produce by completing the experience.

3. Materials: Everything you need to have
before you begin.

4. Advance preparation: Important steps that
need to be completed before you are ready
to have the students do the experience.

5. Procedure: Step-by-step directions for your
students and you, plus answers to the
questions we suggest asking. Also included
are alternative approaches to deal with
different classroom structures (e.g., a self-
contained classroom vs. multiple sections
throughout the day).

Finally, each chapter ends with suggestions for
activities to connect to math and literacy concepts
and other resources that allow for further explo-
ration of the concepts by students and teachers.
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We do not expect that every teacher will
use every experience in each chapter. The goal
is to provide you with a wealth of activities so
that you can choose the ones that best fit your
students” developmental level, your class
structure, and your time limitations. At a min-
imum, we think it is important you include
at least one each of the engage, explore, and
explain experiences.

As students will learn using these experi-
ences, what they discover about the Sun’s
motion across the sky, the phases of the Moon,
and other astronomical phenomena will be dif-
ferent for people at different locations on the
Earth. Given that this is a publication primarily
for use in the Northern Hemisphere, some of the
experiences will need modification to be effective
at latitudes outside mid-Northern Hemisphere
locations (i.e., outside the continental United States
and southern Canada).

Use of an Astronomy Lab
Notelbook

If you already use notebooks or journals in your
class, you can skip this explanation of their value,
although it is important to understand the differ-
ence between notebooks and journals in general
and why we refer specifically to using astronomy
lab notebooks.

Journals are typically dominated by personal
reflections on what the student is currently think-
ing and how the student is reacting to what is
happening in his or her daily life—somewhat akin
to a memoir. Science notebooks hold more struc-
tured, objective descriptions of science experi-
ments and observations being made by students,
plus conclusions reached based on the data col-
lected. While a science notebook also allows for

FIGURE 1.4

Students learn about safe viewing of the Sun.

occasional reflection regarding students’ initial
understanding of a concept and how their think-
ing changes after analyzing the collected data and
discussion with other students and the teacher, it
always comes back to making sense of observa-
tions and data (see Figure 1.5 for an example of
Galileo Galilei’s use of a notebook).

There are numerous reasons why having stu-
dents keep astronomy lab notebooks is valuable:

* Students have a single place to document
what they have done over an extended
period of time and across a number of
science experiences. This makes it easy
to recover details that students may have
forgotten.

* Students can reflect on how their
understanding of a concept has changed
from the beginning of a unit of study to
the end. This type of reflection—especially
written reflection—is key to deeper
learning (an idea well confirmed by
research on how people learn).
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FIGURE I.5

Drawings of the Moon from Galileo’s
astronomy lab notebook

e Teachers can see—and assess, if
necessary—what students have done
step by step and how well the students
understand the concepts being studied.

* It creates an entry point for discussion
between student and teacher or among
students, which can lead to deeper

understanding of the concept being studied.

* Keeping the journal enhances students’

writing skills, which support all areas of

study by them.

Intfroduction

The process of keeping a contemporaneous
lab notebook mirrors what scientists do in
their daily lives to document and reflect on
their area of research.

Although there is no one way to use notebooks,
here are a few criteria that we think are important
for creating an astronomy lab notebook:

Whatever you use as your notebook
(e.g., commercial spiral notebook or
composition book; student-created
notebooks from 8 2 x 11 paper), it is
important to let the student personalize
the notebook including his or her name
on the cover along with artwork of an
astronomical nature. This can consist
of drawings made by the student or
astronomical images printed from the
internet or cut out of magazines.

Several pages at the beginning should be
reserved for a table of contents, which is
completed as students add material to the
notebook.

The pages should be numbered so material
can be easily referenced in conversations
with the teacher and other students.

Each experience in our book suggests the
minimum material that should be included
in the notebooks to document what
students are doing. Sometimes this calls for
writing directly in the notebook, and other
times it involves attaching observations or
a worksheet into the notebook. You may
wish to have students add more detail than
we suggest regarding the procedures they
follow or to reflect more on predictions
and conclusions.
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If you are new to the use of science notebooks,
here are some of our favorite resources related to
their use:

e Science Notebooks in Middle School (from
the Full Option Science System program at
the Lawrence Hall of Science):
http://goo.gl/glnddU

* Science Notebooks (Washington State
LASER [the website was formerly kept by
the North Cascades and Olympic Science
Partnership]): www.wastatelaser.org/
Science-Notebooks/home

e Fulwiler, B. R. 2007. Writing in science:
How to scaffold instruction to support
learning. Portsmouth, NH: Heinemann.
www.heinemann.com/products/EQ1070.
aspx. (Read a free sample chapter at www.
heinemann.com/shared/onlineresources/
e01070/chapter2.pdf.)

Use of the Sk Instructional
Model

The use of a learning cycle method to teaching sci-
ence goes back to at least the 1960s and is based on a
constructivist learning approach that emerged from
what research tells us about how people learn (e.g.,
Bransford, Brown, and Cocking 1999). There are a
number of learning cycles used by different cur-
ricula, but we have settled on the 5E Instructional
Model developed by the BSCS because it is one of
the most studied and widely used approaches (see
http://bscs.org/bscs-5e-instructional-model for
more background).

If you already use a learning cycle in your
classroom, you can skip the rest of this section.

If not, here are the key attributes to keep in mind
during each step of the 5E Model:

ENGAGE

*  Whatit is time to do: Hook the
students’ interest and curiosity to learn
more, determine the students’ current
understanding and preconceptions,
and raise questions the students want
answered.

* What it is not time to do: Provide
definitions, conclusions, or the right
answer; lecture to students; or explain
concepts.

EXPLORE

* Whatitis time to do: Provide
opportunities to conduct and record
observations, have students work together
in research teams to compare results and
discuss their data, have students suggest
conclusions based on the data, ask probing
questions of students that encourage them
to reflect on their thinking and redirect
their investigations if needed, make sure
that everyone (including the teacher)
is a good listener, and help all students
be actively engaged in collecting and
discussing data.

° What it is not time to do: Allow students
to stop considering other conclusions
once a single solution is offered, give
students answers or provide detailed
explanations of how to work through a
problem, tell students they are wrong, or
give information or facts that solve the
problem immediately.
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EXPLAIN

*  Whatit is time to do: Encourage students
to explain concepts and definitions in
their own words, based on justification
using data; explain concepts relying on
experiments or observations; and build
from students’ previous experiences and
preconceptions.

°  What it is not time to do: Accept or
propose explanations without justification or
discourage or stifle students’ explanations.

ELABORATE

°  What it is time to do: Expect students to
apply the concepts, skills, and vocabulary
they have learned to new situations; make
additional observations and collect data;
and use previous learning to ask questions,
design new experiments or observations,
and propose appropriate solutions.

*  What it is not time to do: Provide
students with detailed solutions to
new problems, provide answers before
thorough discussion, or ignore previous
data and evidence related to the concept.

EVALUATE

°  What it is time to do: Have students
demonstrate and assess their own learning
regarding the concepts while the teacher
assesses student progress.

* What it is not time to do: Introduce new
concepts or subjects or test for isolated
vocabulary and facts.

Intfroduction

Teachers across the country have found the
5Es a useful and effective way to proceed through
their science lessons. At first, individuals not
used to the rhythm or pace of the 5Es might get
impatient with them, but research shows that
allowing students to learn through their own
investigations makes for far deeper and longer-
lasting learning than just lecturing to them or
showing a video.

Use of Think-Pair-Share

The think-pair-share learning strategy is also
encouraged throughout the book and is closely
aligned with the 5Es. Like the 5Es, the think-
pair-share sequence is based on many years of
research regarding how people learn. It provides
a mechanism for individual students to person-
ally reflect (think) on a question or topic, typically
in writing, before having a discussion with a part-
ner or small group of students (pair). The shar-
ing allows students to further reflect on their own
and others’ thinking about a subject, often lead-
ing to refined and improved understanding. Dif-
ferent groups may initially come up with differ-
ent ideas or solutions about the problem at hand.
When all the groups have a chance to discuss
their thinking in front of the entire class (share), a
wider range of ideas come to the fore. Guided by
a skillful (and not too intrusive) teacher, the class
can list, discuss, and evaluate the various ideas
the groups have come up with and deepen every-
one’s understanding.

Personalizing the Use of This
Book for Your Class

Although this book and its student handouts
can be used effectively on its own, it may also
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be supplemented by a textbook, by student
research in a library or on the internet, and by
audiovisual materials that help reinforce or
develop concepts that are hard to visualize.
We have listed some of our favorite outside
resources throughout the book.

We understand that different classes and
groups have different schedules. Some teachers
reading this book will have a class for most of
each day and can apportion their time in such a
way that experiments can be carried out through-
out the day. Other teachers will have each class
for only one period and—if experiments need to
be continued at another time on the same day—
may need to pool the work of several classes to
obtain the data needed to continue. We have tried
to take into account both kinds of classes in the
instructions, but we also appreciate that no one
knows a class better than its teacher, and thus you
may want to modify our suggestions to fit your
particular circumstances.

We also know (from our past experience lead-
ing professional development workshops for
teachers) that the readers of this book will likely
find ways to improve, expand, and personalize
the experiences we suggest for their students.
If you come up with great new ways of treat-
ing the subjects we cover or simply find a clever
modification of our suggestions, we would love
to hear from you. You can reach us by e-mail at
dschatz@pacsci.org (Dennis) and fraknoi@fhda.
edu (Andrew).

Both of us were trained as astronomers and
have spent our professional careers explaining
the wonders of the sky and the greater universe
to students, teachers, museum educators, and
museum visitors. Nothing gives us greater plea-
sure than when someone looks up and says, “Oh,
I get it! For the first time, I get how that works.”

May you have many such experiences with your
students as you use this book.

—Dennis Schatz and Andrew Fraknoi
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Inc.; NASA’s Goddard Space Flight Center; the
Chabot Space and Science Center; the National
Oceanic and Atmospheric Administration,
NASA’s Stratospheric Observatory for Infrared
Astronomy (SOFIA), and others. We are particu-
larly grateful to Deborah Scherrer of the Stanford
Solar Center for many useful suggestions.

Finally, many thanks go to Paul Allan, coau-
thor of Astro-Adventures Il (Pacific Science Cen-
ter 2003), who developed and refined many of the
activities that are the basis of a number of experi-
ences in this book.
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A Website for This Book

A special set of web pages to go with this book
has been established at the National Science
Teachers Association (NSTA) website. You can
find it at www.nsta.org/solarscience.

The page includes the following:

e PDF versions of student forms, material
templates, and handouts for the book

* Anupdated list of links from the book (so
that you don’t have to retype URLs)

Flares on the Sun

Intfroduction

* News and resources about upcoming
eclipses and other topics related to the book

* New ideas and reader suggestions for the
experiences in the book
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EXPERIENCE 3.2

Be a Solar Astronomer

Overall Concept

Akey part of science is that the answers aren’t in a book or manual; scientists
have to examine things and then find answers to interesting questions. In
this open-ended activity, students do what scientists studying the Sun often
do—examine a variety of images of the Sun taken over time. They are asked
to discuss ideas and questions on the basis of looking at these images.

Objective

Students will notice that changes are visible on the Sun’s disk on images of
the Sun taken a few days apart, especially in the appearance and number
of sunspots.

Advance Preparation

1. Make copies of the handout with the four images of the Sun, making
sure the copies are good enough quality to clearly see the sunspots.
Since the images are artificially colored, it is fine to copy them in
black and white.

2. If you are going to compare these to the current image of the Sun
taken with the same space instrument, check that you have a working
connection to the internet before class starts.

3. There are many places on the web to obtain current images of the
Sun. We recommend one that is relatively easy to use. If you have
time, you may want to become familiar with an online application
called Helioviewer at http://helioviewer.org. This website allows
you to bring up an image of the Sun from many different space

S99 AR SCIENCE EXPLORING SUNSPOTS, SEASONS, ECLIPSES, AND MORE

3.2

ENCAGE

MATERIALS
For the class:

Space on a whiteboard,
blackboard, or piece of
poster paper to record the
ideas that the whole class
has shared

One per group of three to four
students:

“Sheet of Solar Images

From the Solar Dynamics
Observatory” (p. 177),
showing visible-light images
of the Sun on different days

Computer with access to the
internet if you want to show
today’s solar image taken
with the same instrument
that produced the image in
Figure 3.10 (p. 176).

One per student:

Astronomy lab notebook
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Be a Solar Astronomer

) FIGURE 3.10
observatories for any date. Note —

that you can get to the user’s guide ~Image of sunspots on the Sun
by clicking on the box at the upper

right or by going to the small help

button at the bottom.

Procedure

1. Organize the students into small
groups and give them a copy of
the sheet with four visible light
images of the Sun from 2014. Ask
them to discuss what they notice
on the images and what questions
they have.

2. If you have access to the internet, Note that the image has been artificially

show them today’s image of the Sun colored: The Sun is not orange.
taken with the same instrument.

Go to http://sohowww.nascom.
nasa.gov/data/realtime/realtime-update.html and click on

the first image in the second row (the one labeled “SDO/HMI
Continuum”). Clicking will enlarge the image. Ask student

groups to discuss the differences between today’s image and the

ones on their sheet. Alternatively, show them Figure 3.10.

3. Have the groups report to the full class and make a list on the
whiteboard or a poster paper of all their observations and any
questions. (The students should have noticed that there are
dark spots on the face of the Sun and that the number, shape,
and position of these spots changes.) This is not the time to
explain fully what sunspots are; instead, you could ask students
what might make dark spots on the Sun and record all their
suggestions on the whiteboard or poster paper. Students should
make notes about their current thinking in their astronomy lab
notebooks. These spots will be the subject of Experience 3.4.
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3.2

Sheet of Solar Images From the Solar
Dynamics Observatory

N

!

January 5, 2014 January 9, 2014

January 13,2014 January 17,2014

Note: If you have color images of the Sun, the color has been added. If you could see the
Sun without burning your eyes, it would look generally white in color.
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EXPLORE
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+ 2\
EXPERIENCE 3.4

Discover the Sunspot Cycle

Overall Concept

Students learn about sunspots, the cooler areas on the visible surface of =~ MATERIALS
the Sun. They learn how to count sunspots and sunspot groups on images

) One per group of three to four
of the Sun. They then examine records of sunspot number (SSN) counts

students:
over 66 years and graph the number of sunspots versus time. This allows

them to discover that the number of sunspots varies from day to day and ~ * “Sunspots Worksheet”

year to year and that sunspots increase and decrease in a roughly 11-year (p.189; since color has

cycle. Optionally, they can mark the birth years of members of their family been added to the image

on the horizontal (time) axis to give the timescale a more personal touch. of the Sun, it is fine to
copy the sheet in black
and white.)

Objectives

Students will

One per student:

“Graphing Chart A” (p. 190)
1. count sunspots and sunspot groups on a sample photograph of the or graphing paper

Sun (just like solar astronomers do) and calculate the SSN;
“Sunspots Data Table”

2. graph the number of sunspots at the end of each quarter for a (pp. 191-193) showing the
period of 66 years; and SSN at the end of each

3. discover that SSNs increase and decrease on a regular cycle, lasting quarter from 1948 to 2014

about 11 years. * “Sunspots Handout”
(pp. 194-195)
AdVQﬂCZ Pr@pOrQﬂOﬂ + Set of regular pencils and
colored pencils for adding

1. If you are doing the optional personalization part, students should

. . . - date dots

get the birth years of significant members of their families, such as

siblings, parents, and grandparents. * (Optional) The year of birth
of each student’s family
members (siblings, parents,

grandparents, etc.)
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Solar Activity and Space Weather EXPLORE
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the different plots will have to be pasted together and combined /‘\

into a single graph. This means you will need to find a place

2. After each group graphs a section of the SSN versus time data,

where this large graph can be on display and students can add

colored dots below the graph.

3. Prepare copies of the handouts.

Procedure

1. Tell your students that today they get to act like solar astronomers
and do research about sunspots. They are especially going to
look at how the number of spots on the Sun changes with time. If
you have done previous experiences in which students observed
sunspots on projected images or images you provided, this is a
good time to remind them about those. You can also teach them a
little bit more about what sunspots are and what causes them. (See
the information in the Content Background section [pp. 163-164] or
give out the “Sunspots Handout.”)

2. If the students have drawings of the Sun that they made in a
previous experience, ask them in their groups to count how many
sunspots they saw on one of those drawings. Do the students
agree on these counts? If they don’t, ask them why that might be.
How did the sunspots vary in size and shape?

Teacher note: Different student drawings of the Sun made on
the same day are likely to differ because some spots might be
just at the edge of visibility and not all students may record
them. Also, sunspots tend to come in groups, and some
students may draw the entire group as one bigger spot, while
others might draw the individual spots within the group.

3. Next, introduce students to the idea of the SSN, first defined by
the Swiss astronomer Johann Rudolf Wolf in 1848. Astronomers
found that some sunspots were seen by themselves, while others
congregated in groups. Some smaller individual sunspots were
hard to see; they were only visible in larger telescopes. The bigger
groups, on the other hand, could often be seen even without the
aid of a telescope.
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EXPLORE Discover the Sunspot Cycle
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/‘\ out to be harder than counting the individual spots. Different
telescopes might lead to different counts, depending on their ability

Furthermore, counting overlapping sunspots in groups turned

to make out fine detail. Since a typical sunspot group had 10 spots

in it, Wolf suggested that astronomers define an official SSN as

SSN = (10 x # of groups) + # of individual spots

Teacher note: Actually, in the formula astronomers use there

is also a factor that accounts for the different telescopes and
weather conditions at different observatories, but we will leave
that out in introducing students to sunspots at this level.

4. Now give students the worksheet with the practice image of the
Sun, which shows a good number of sunspots. Divide students
into groups of three to four to count groups and spots and
calculate the SSN from the image. (The calculations and answers
are given in the accompanying box and Figure 3.12.) They should

FIGURE 3.12

As you can see below, we have circled six groups of Sunspots from the image shown to

sunspots, so the number of groups = 6. the students (p. 189) are circled

Counting individual spots on the picture is trick-
ier, since some of the spots are quite hard to see. The
number of spots inside each circle is shown, but if
students didn’t get the same counts, don’t let them
get discouraged. Even professional astronomers do
not always agree on the count. It takes some time to
get experience counting sunspots, and the pictures
used by professionals generally show more details
than the ones we see here.

The number of spots (adding up all the numbers
next to the circles)is6 +1+2+ 5+ 12+ 27 =53

So the SSN = (10 x 6) + 53 =60 + 53 = 113

Students may point out that this number (113)
counts each spot twice (roughly speaking) and they
are right about that. The SSN is not a count of spots
but a mathematical measure of how many spots are
likely to be there, given that some sunspots are hard
to spot.
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Solar Activity and Space Weather EXPLORE
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astronomy lab notebooks. Then have the groups share their results /‘\

for the practice images and discuss any differences in their SSN

record their data and calculations (using the SSN formula) in their

values. It is not necessary that they all agree on the same value for
each photograph. Counting sunspots is a tricky business because
some of the spots are quite hard to make out.

5. This is a good time to discuss that the same discrepancies they
experienced happen to scientists too. Different scientists might be
analyzing the same photographs (or other data) and get different
results. Ask students to brainstorm how such differences might
be resolved, using SSNs as an example. Good answers include
that different numerical results could be averaged or that
observers might practice doing such counts until they got
better at estimating what was a spot and what was a group.
Experts in sunspot counting could look at a number of photos
and write out how they got the SSN in each case so beginners
could see how the experts were thinking.

6. Now that students see how SSNis are calculated, ask them to
put away the Sun photo and give each group a copy of the table
of SSNis for each quarter from 1948 through 2014 and a copy of
“Graphing Chart A.” Explain that solar astronomers all over the
world have been counting sunspots in this way for many years.
They can average their counts over a week, a month, a quarter of
the year, or the full year. Have the students examine the table you
just gave them. What period of time does each value in the table
cover? One quarter of a year. Ask them how many years our
data chart covers. It covers 66 years.

7. Assign each group a period of years to chart, explaining that
when they are done, they will put the graphs together to see the
complete record. The x-axis of their graphs will show the years
divided into quarters, while the y-axis will show the SSN, which
can range from 0 to 250. For each quarter, they should put a dot
corresponding to the SSN for the last month in that quarter (so
for the first quarter, it’s month 3, or March; for the second quarter,
it’s month 6, or June, etc.).

8. (Optional) If the students had the homework of finding out
their family’s birth years, now ask them if anyone in their
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family was born during the years they are working on. If so, the
student should put a colored dot at that year on the x-axis with

his or her initials and how the person is related to them (e.g.,
mother, aunt, sister). It’s helpful to assign a different color of
pencil to each group.

9. Now put the graphs from different groups together on a wall
or whiteboard, so that the whole 66-year record of SSNs shows.
Ask the students individually or in small groups to go up, look
at the way SSNs have changed over the years, and search for
patterns. They should write in their astronomy lab notebooks
about any patterns they see and be as specific as possible. If
necessary, encourage them to measure the number of years
between times that the number of sunspots was the largest or
the smallest. You may need to remind them that each year has
four entries, one for each quarter of the year. You may also need
to prompt them to look for how much time passes before SSNs
go from biggest to smallest and back to biggest (one cycle.)
This is a bit tricky, so they should discuss their findings in their
groups and then report their estimates to the whole class. Ask
them to note their best estimates of when the sunspot minimum
and maximum is for each cycle. If all has gone well, they
should be able to identify the roughly 11-year cycle of SSNs
(some cycles take less time than this, some take more, but
the average is about 11 years).

Teacher note: If students are new to working with graphs of real
scientific data, they may at first be confused because simply
connecting the dots by drawing a series of lines from dot to
dot doesn't necessarily give them the whole picture. Within
the same year, the quarterly SSN may go up and down, but we
are interested in the longer-term trend. So, students should
try to take in the overall cycle and not get “hung up” on short-
term variations. In a sense, they will be visually averaging the
points over time, to find the larger-scale trend within the data
(Figure 3.13). If they are having trouble with this, you may need
to help them out by drawing their attention to the large-scale
variations, going from an overall maximum to a minimum and
back to maximum. For your reference, a plot of the last few
cycles from considerably more data than the students have,
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FIGURE 3.13

Sunspot cycle data and predictions /Y\

This graph shows the sunspot cycle data compared with the prediction
of experts from 1985 to 2015. You can see the current maximum is rather
a low one, with fewer sunspots than usual.

and statistically smoothed, can be found at www.sidc.be/silso/
monthlyssnplot.

10. Mention that although astronomers know that the increase and
decrease of sunspots is connected with the magnetism of the
Sun and its own cycles of change, the exact mechanism for the
sunspot cycle is not fully understood. (This is a good opportunity
to mention that there are many parts of astronomy—and science
in general—that are not yet fully understood. That’s what makes
scientists get up in the morning and want to go to work—that
they could be contributing to the understanding of things in
nature we are still puzzled by.)

1. (Optional) The class can now look at the colored dots at the
bottom of the graph showing the years that students and their
relatives were born. (This doesn’t have to be part of the class
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work; it could be done during free time by interested students.)

For fun, they can see if they and their relatives were born near a

sunspot maximum or minimum. When everyone’s dots are on
the graphs, they should be able to see that there is no connection

between birth dates and the Sun’s cycle. As many people are born
during a minimum or maximum as any other part of the cycle.

Teacher note: Depending on the class, you are likely to find that
the colored dots are not randomly distributed. Parents may
tend to cluster in a small range of years, as might siblings. The
important thing to notice is that there is no correlation with the
Sun’s 11-year cycle.

12. Now ask students to answer the following questions in their
astronomy lab notebooks (referring back to the full graph for the
66 years):

a. Is the time between the greatest number of sunspots
(maximums) always 11 years? How much did the time
between the maximums in the graph vary? (Another
way to say this is to ask which cycle was the shortest and
which was the longest on the whole graph.)

b.  Were all the long-term maximums the same height
(i.e., did the sunspot counts rise to the same number in
each cycle?)? How much did the maximums vary? For
example, what was the largest SSN at sunspot maximum
and what was the smallest SSN at sunspot maximum
over the 66 years?

c.  What are some other cycles in your life or environment
that don’t repeat exactly the same way each time? Cycles
of the weather and the seasons should come to mind.

d. What was the average number of sunspots in the year
you were born? Take the four quarterly numbers
and find the average. Were you born near sunspot
maximum, sunspot minimum, or in between?

e. What year will you graduate from high school? Will it be
a solar maximum, minimum, or in between?
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Sunspots Worksheet
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Below is a photograph of the Sun taken on January 10, 2014, by an instrument aboard the
Solar Dynamics Observatory spacecraft, which has been observing the Sun since 2010.

Please count the number of sunspots and sunspot groups you can see on this image
and calculate the sunspot number (SSN) using the following formula:

SSN = (10 x # of groups) + # of individual spots

(If there are sunspots within groups, note that you will, in a sense, be counting them
twice. That’s OK.)

How many groups of sunspots do you see?
How many individual spots do you see (count all)?

Use the formula to calculate the SSN:
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Sunspots Data Table

N

The table shows the monthly sunspot numbers (at the end of each quarter). The monthly
averages (SSNs) were derived from International Sunspot Numbers.

N

!

Year Month 3 SSN Month 6 SSN Month 9 SSN Month 12 SSN
1948 94.8 167.8 143.3 138.0
1949 157.5 121.7 145.3 17.6
1950 109.7 83.6 51.3 541
1951 55.9 100.6 83.1 45.8
1952 22.0 36.4 28.2 34.3
1953 10.0 21.8 19.3 2.5
1954 10.9 0.2 1.5 7.6
1955 4.9 317 427 76.9
1956 118.4 116.6 173.2 1921
1957 157.4 200.7 235.8 239.4
1958 190.7 171.5 201.2 187.6
1959 185.7 168.7 145.2 125.0
1960 102.2 110.2 127.2 85.6
1961 53.0 77.4 63.6 39.9
1962 45.6 42.0 51.3 23.2
1963 171 35.9 38.8 14.9
1964 16.5 91 4.7 151
1965 n.7 15.9 16.8 17.0
1966 25.3 477 50.2 70.4
1967 11.8 67.3 76.8 126.4
1968 92.2 110.3 17.2 109.8
1969 135.8 106.0 91.3 979
1970 102.9 106.8 99.5 83.5
1971 60.7 49.8 50.2 82.2
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Page 2

Sunspots Data Table (continued)

N

Year Month 3 SSN Month 6 SSN Month 9 SSN Month 12 SSN
1972 80.1 88.0 64.2 453
1973 46.0 39.5 59.3 23.3
1974 213 36.0 40.2 20.5
1975 1n.5 1.4 13.9 7.8
1976 21.9 12.2 135 15.3
1977 8.7 385 440 432
1978 76.5 951 138.2 122.7
1979 138.0 1495 188.4 176.3
1980 126.2 157.3 155.0 174.4
1981 135.5 90.9 167.3 15011
1982 153.8 10.4 18.8 1270
1983 66.5 911 50.3 334
1984 835 4611 15.7 18.7
1985 17.2 242 3.9 17.3
1986 151 11 3.8 6.8
1987 14.7 17.4 33.9 271
1988 76.2 101.8 12011 179.2
1989 131.4 196.2 176.7 165.5
1990 140.3 105.4 125.2 129.7
1991 141.9 169.7 125.3 144.4
1992 106.7 65.2 63.9 826
1993 69.8 498 22.4 48.9
1994 317 28.0 257 26.2
1995 311 15.6 1.8 10.0
1996 9.2 1.8 16 133
1997 8.7 12.7 51.3 4.2
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Page 3

Sunspots Data Table (continued)

N

N

Year Month 3 SSN Month 6 SSN Month 9 SSN Month 12 SSN
1998 54.8 70.7 92.9 81.9
1999 68.8 137.7 71.5 84.6
2000 138.5 124.9 109.7 104.4
2001 13.5 134.0 150.7 104.4
2002 98.4 88.3 109.6 80.8
2003 61.1 77.4 48.7 46.5
2004 491 43.2 27.7 17.9
2005 24.5 39.3 219 411
2006 10.6 13.9 14.4 13.6
2007 4.5 121 2.4 101
2008 9.3 3.4 11 0.8
2009 0.7 29 4.3 10.8
2010 15.3 13.6 252 14.4
20M 55.8 37.0 78.0 73.0
2012 64.3 64.5 61.4 40.8
2013 57.9 52.5 37.0 90.3
2014 91.9 71.0 876 N/A

Source: Original numbers courtesy of NASA’s Marshall Space Flight Center.
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3.4

Sunspots Handout

N

S

Some History

Galileo Galilei is often given credit for discovering
sunspots in 1611, when he pointed his spyglass at
the Sun. (Today, we call that spyglass a telescope.)
We now know that he was not the first person to
see sunspots by any means! There are records from
ancient Greece and ancient China showing that peo-
ple almost 2,000 years before Galileo had noticed
dark spots on the Sun without a telescope but didn’t
know what they were.

Galileo looked at the Sun through his telescope
only briefly and when the Sun was low in the sky
and its light had to go through a large amount of the
Earth'’s air. He could also look when clouds or mist
cut down the Sun’s light.

However, soon Galileo didn’t have to look
through his telescope at all to see the Sun. One
of his students, Benedetto Castelli, came up with
a better idea. He projected an image of the Sun
through his telescope at a wall or a big sheet of
paper. In this way, Galileo became one of the first
people to observe the Sun over a long period of
time using a telescope. He made drawings of the
spots, which was necessary because the camera
had not yet been invented to take photographs
(see figure). (Others who did this at about the same
time as Galileo include Christoph Scheiner in Ger-
many and Thomas Harriot in England.)

All three observers found that the spots—what-
ever they were—moved across the face of the Sun
as the days went on. Groups of spots would move
out of sight on one edge of the Sun and, days later,
would sometimes reappear on the other edge. Gali-
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Safety note: Looking /7 " “§\
directly at the Sun is
dangerous to your eyes,
so don't try viewing the
Sun without your teacher’s
guidance. A telescope or
a pair of binoculars makes
everything brighter, so a
view of the Sun through
them can damage your

eyes even more quickly.

One of Galileo’s drawings of the
Sun showing sunspots

leo also suggested that the spots must be on the Sun itself, that they were some-

thing that happened in its outer layer or atmosphere. If so, this showed that the

Sun was rotating, that is, spinning on its axis just like the Earth. Galileo’s idea

turned out to be correct.
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What Are the Spots?

Today we understand that sunspots are darker areas on the Sun’s visible surface (see
figure below). Like everything about the Sun, sunspots are huge compared with human
sizes. The typical spot you can see with your eyes is bigger than the entire planet Earth.
Some of the biggest spots we’ve seen were more than 100,000 mi. across—a size so big,
it boggles our imaginations. The Earth is about 8,000 mi. across, for comparison, and
Jupiter, the largest planet in our solar system, is 87,000 mi. across.

The spots last different amounts of time, depending on their size. Smaller ones last
only a few hours, while the biggest spots can last for months. After a spot disappears
from view, other spots often form in the same neighborhood of the Sun’s surface.

Sunspots look darker because they are cooler than the rest of the Sun’s outer layer
(called the photosphere, meaning the sphere from which the Sun’s visible light
emerges). Temperatures in the dark sunspots can range from 2700°C to 4200°C, which is
from 4900°F to 7600°F. The Sun’s photosphere, on the other hand, is generally at 5500°C
or 9900°F.

(By the way, those numbers are also pretty mind boggling. Water boils at 100°C or
212°F. When we are talking about the Sun’s temperatures, it’s good to bear in mind that
things are so hot there that our bodies would not only boil but also evaporate. The heat
would tear our bodies apart until we were just individual atoms of gas, by which time
we would long be dead. The Sun is made entirely of superheated gases—so hot that the
electrons are separated from their parent atoms.)

It's important to remember that the spots are only
dark compared with how super-bright the rest of the
Sun is. If, somehow, we could remove the sunspot
regions from the Sun, they would glow a rich red and
be bright with light.

What cools the sunspot areas? Twentieth century
astronomers discovered that the Sun, filled as it is
with negative electrons and positive atoms, is electric
and magnetic in complicated ways. Astronomers now
know that magnetic forces are so strong in the areas of
sunspots that they keep hot material from flowing up
from below, allowing the region of the spot to cool.
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A close-up of a sunspot, taken
with a large solar telescope
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EXPERIENCE 3.5

How Fast Does the Sun Rotate?

Overall Concept

Students follow the movement of sunspots across the disk of the
Sun on satellite images to determine how fast the Sun rotates.

Objectives
Students will

1. learn about measuring location on a round world (latitude
and longitude systems) and

2. use the angular displacement of sunspots over a period of
seven days to measure the rotation period of the Sun.

Advance Preparation

1. Prepare your demonstration ball by using the erasable
marker to draw longitude lines at approximately 15°
intervals. (That means 24 evenly spaced lines around
the ball, going from the North Pole to South Pole.) Some
people first wrap the ball in saran wrap to make removing
the lines later less of a chore.

2. Using the marker, put several good-sized sunspots in the
midnorthern latitudes.

3. Copy the two sets of solar images (sheet 1 and sheet 2)
so that roughly equal numbers of student groups are
working with each different set. Although the images are
in color in our book, that color has been artificially added
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MATERIALS

For the class:

1 medium-sized ball (such as a
white soccer ball, a basketball, or
a beach ball)

(Optional) Saran or other plastic
wrap

Erasable markers

1small paper plate made to look like
a circular sunspot with a black center
and lighter ring around the center

For the groups (each sheet is given to
half of the groups):

“How Fast Does the Sun Rotate?
Sheet 1: Images of the Sun From the
Solar Dynamics Observatory in May
2014" (p. 204)

“How Fast Does the Sun Rotate?
Sheet 2: Images of the Sun From
the Solar Dynamics Observatory in
November 2011” (p. 205)

Transparency overlays with a grid
of solar longitude measuring lines
(Stonyhurst disks)
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Solar Activity and Space Weather

by the project scientists: The Sun would actually look white to
you if you could look at it safely. So, it is fine if you photocopy
the images in black and white.

4. Make transparencies of the Stonyhurst disk master and have one TXA
for each group. It’s important that the disk on the transparency be
the same size as the disk of the Sun on the photographs you are
using to track sunspots. In this book, we have made the pictures
on sheets 1 and 2 and on the transparency master the same size.

Procedure

1. If students did Experience 3.1, “What Do We Think We Know?”
ask them to recall their thinking about the second prompt in that
experience: “Does the Sun rotate, and if so, how can we tell?”

If not, then ask students how we can determine whether the
Sun rotates, and if it does, how we can figure out how long it
takes to turn. These questions can be answered in small groups
(which then share their answers with the whole class) or in a
whole-class discussion. Someone in the class will likely suggest
that we can follow sunspots until we see them make a complete
circle around the Sun. If not, guide them in the direction of this
suggestion and then tell them that they are going to follow a
number of different sunspot groups to figure out how much time
it takes the Sun to rotate.

Teacher note: This could be a good time to mention to the
students that about 400 years ago, Galileo Galilei (using his
new spyglass, otherwise known as a telescope) watched groups
of sunspots carefully as they moved across the face of the Sun,
disappeared on one edge, and later reappeared on the other
edge. His observation of sunspots and their shapes eventually
led Galileo to conclude that sunspots were features on the
surface of the Sun (and not, for example, objects in orbit around
the Sun). This meant they could be used to show that the Sun
rotated. Furthermore, they allowed him to demonstrate that the
Sun was a sphere, something not everyone believed at the time.

2. Use the ball on which you have drawn one or more big dark
spots (big enough so the class can see them). Turn it slowly and
uniformly with the students watching. Ask them to keep an eye
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How Fast Does the Sun Rotate?

on what happens when spots get close to the edge of the ball and
are about to rotate to the ball’s back side. Do this several times

as students watch. They should notice that the spots foreshorten
(see more on foreshortening in step 3) as they get to the edge of

the ball. Also, students may be able to see that the spots appear to
move faster near the center of the ball but then more slowly when
they get to the edge.

3. This is a good time to explain that the spots appear to move
more quickly at the center because all the motion there is
lateral (sideways.) Near the edge of a three-dimensional
ball, more of the motion is front to back, so the spot appears
to move more slowly. This is a subtle idea and may take a
while for the students to understand. Being near the edge
of the Sun also means that the sunspot looks shorter from
front to back as it wraps itself around the
curvature of the Sun (but it is not smaller FIGURE 3.4

from top to bottom). This is what we call
Sunspots appear

foreshortened (Figure 3.14). You can use
foreshortened near the

the small paper plate made to look like
a sunspot (and attached to the rotating edge of the Sun.
ball) to demonstrate this effect. You can

also point out to the students that, for the

same reason, the longitude lines on the ball

appear closer together near the edge of the

ball than in the center.

4. Tell the students that they are going to
use the same process that Galileo used to
measure how long the Sun takes to rotate.
They will observe one set of spots over a
period of time and measure how long the
spots take to move across the Sun. From this,
they will be able to figure out the time it

takes the Sun to make one rotation. This image, taken November 2,

2011, from the Solar Dynamics
Teacher note: The Sun is not a solid body,

and thus its parts don't have to “stick foreshortened sunspots near the
together” and move at the same pace. left edge of the Sun.

Sunspot groups and individual spots can

change and even disappear as students

Observatory satellite, shows
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Solar Activity and Space Weather EXPLAIN
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watch them move on the Sun, which can be a source of confusion.
Generally, the smaller the spot, the sooner it tends to disappear.

Teacher note: A dramatic one-minute animated movie showing a
single large and complicated sunspot group moving and changing
across the face of the Sun (from one side to the other) can be >
found at http;//apod.nasa.gov/apod/ap150629.html. This was

taken with NASA's Solar Dynamics Observatory. You can decide at

what point in the experience you want to show this short film.

5. Before introducing the idea of the latitude and longitude of
sunspots on the Sun, be sure that students are familiar with
latitude and longitude as a system of locating things on the Earth.

Teacher note: If students are not sufficiently familiar with the
latitude and longitude circles on Earth, you will need to remind
them that latitude circles go around the Earth east—west; the
system of circles starts at the equator (O° latitude) and extends
north and south from there until it reaches 90° N at the North
Pole and 90° S at the South Pole. Longitude circles, on the other
hand, go around the Earth north—south; they begin with O° on a
circle connecting the poles with Greenwich, England (this circle

is called the prime meridian). The system of circles goes around
the globe to +180° as you go eastward and —180° as you go
westward. So your latitude tells you your location north or south
of the equator, and your longitude tells you your position east or
west of the prime meridian. Specifying both latitude and longitude
means you have fixed a specific point on the surface of the Earth.

Help students notice that you measure latitude relative to the
equator and poles (which are easy to find for a spinning globe) but
that you need some landmark or agreed upon starting place from
which to specify longitude. (On Earth, there was a fierce struggle
between countries about which European city would get the honor
of being called the prime meridian. Greenwich, England, won!)

If examples are needed, have students use the internet to find
the latitude and longitude of some favorite locations around the
Earth (e.g., their home town, Honolulu in Hawaii, the pyramids
in Egypt.) For example, they can use the NASA site http://
mynasadata.larc.nasa.gov/latitudelongitude-finder.

Point out to the students that we can set up an equivalent
system to specify locations on the Sun. We can set up a system of
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How Fast Does the Sun Rotate?

FIGURE 3.15 FIGURE 3.16

An illustration of a solar disk, with Stonyhurst disk grid overlay
latitude and longitude lines shown
and labeled with degrees
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latitude circles on the spinning Sun, just like on Earth, by using
the equator and the poles; however, longitude is harder.

Since sunspots come and go and the Sun has no fixed markings
on its surface (photosphere), we can be arbitrary about defining
longitude for the Sun. For ease in measurement, we will take the
0° longitude to be the vertical line in the middle of the Sun’s disk
when we first measure the location of a sunspot or sunspot group
(Figure 3.15) .

6. Distribute a Stonyhurst disk grid overlay (Figure 3.16; named after
the observatory in New York State where they were first used)
to each group, together with the images of the Sun that they will
be analyzing (sheet 1 or sheet 2). Explain that the grids on these
transparencies show a system of latitude and longitude for the
Sun, which we can use to see how sunspots are moving on the Sun.

7. Students should assign a letter (A, B, C, etc.) to each sunspot
group. They should line up the transparency so that the overlay
fits exactly over the solar image and use it to estimate each
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Solar Activity and Space Weather

TABLE 3.3

Data table for recording sunspot locations

Spot (group) Latitude and Description of

Date letter longitude spot or group
A
B
C

spot’s latitude and longitude (the angle east or west of the prime
meridian [the line running straight up and down in the middle of
the template]). Note that all the images of the Sun are taken at the
same time on each of the days.

8. For each image, students should make a data table in their

astronomy lab notebooks that looks like Table 3.3 (above):
Students can add more rows if they see more than three large

sunspots or sunspot groups on their images. The description
column in the table is so that students can keep track of each
sunspot or sunspot group as the days go on. It can be about the
spot or group’s size or shape or darkness. (Remind students
that the larger the group of spots, the more stable it tends to be.
Smaller spots can disappear in a day, so the larger the group they
are working with, the more likely it will last.)

9. For each sunspot or group that they can follow, students should
calculate the angular speed of the spot or group using the
following formula:

(change in longitude in degrees)
angular speed _
(in degrees per day) - (number of days between measurements)

So, for example, if in two days, a group has changed its
longitude by 26°, the angular speed = 26°/2 = 13°/day.

Teacher note: We are only considering change in longitude

in the formula because sunspot groups tend to stay at the
latitude where they emerge as they go around. That's something
the students may discover for themselves as they look at the
pictures, so you may want to hold back that information.
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EXPLAIN How Fast Does the Sun Rotate?
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Teacher note: Several issues will come up as students make their
measurements. The main one is what location in a sunspot group
should be used to mark its location (e.g., the leading edge of the
group, the middle, or the center of the largest spot?). This becomes
even more of a problem if the sunspot group has changed size

or shape between measurements. Reassure the students that
solar astronomers doing this kind of work have to deal with this
problem all the time. There is no perfect solution to being sure you
have the right place to measure each time. This is why students
should make measurements for several sunspot groups and get an
average (as the instructions suggest). Also, there is the question
of whether the images we are using were each taken at the same
time of day. If they weren'’t, then the denominator in the formula
might have to include nonintegers, such as 1.2 days. In fact, the
images on sheets 1 and 2 were all taken at the same time of day.

10. Students should first measure the angular speed three days
apart and then measure it for the entire six days. They can then
average its angular speed over the full period to help eliminate
the problems encountered because the positions of spots are hard
to estimate precisely. They can also measure the angular speed of
other spots and groups and compare their values for each.

1. Students now use their values of the average angular speed to
calculate how long it takes the spots to go completely around the
Sun—thus finding the rotation period of the Sun. If necessary,
remind them that a full circle has 360° in it.

rotation period = (360°)/(angular speed in degrees / day)

So, for example, if the angular speed is 13° per day, then the
period would be

360°/(13°/day) = 28 days

Each group should derive its own value of the rotation period and
then students can come together as the whole class and share their
answers, explaining how they calculated them. Have them suggest
possible reasons why the groups reached different rotation periods.

Once the class has exhausted their possible explanations, you can
sum up. In addition to the issues discussed above (spots changing
with time, deciding just where to measure a spot or group, etc.) you
may want to share with them that, unlike the Earth, which rotates
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Solar Activity and Space Weather
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as a solid body and thus has one rotation period, no matter where

(at what latitude) you measure, the Sun is a ball of hot, electrically
charged gas and its different layers don’t have to rotate with the same
period. Therefore, the answer students calculate will also depend on

the latitude of the spot or group they are measuring.

Teacher note: At the equator, the Sun takes about 24.5 days to
rotate relative to the stars. (Because the Earth in the meantime
moves around the Sun, we on Earth see the Sun's equator take
about 26.25 days to rotate once.) Near the poles, the Sun takes
about 34 days to rotate relative to the stars. Such differential
rotation is also seen on the large planets made mostly of gas
and liquid, such as Jupiter. In the 1850s, Richard Carrington, a
British amateur astronomer, made careful measurements of the
rotation rate of the Sun at different latitudes. In honor of his
work, astronomers often cite as the Sun'’s rotation period the
Carrington rotation period, measured at a latitude of about 26°
on the Sun, the latitude where sunspots are most likely to form.
The Carrington rotation period is about 27.25 days relative to
the Earth (and 25.4 days relative to the stars).

A QuickTime movie showing the Sun rotating over a period
of 36 days can be found at http://solarscience.msfc.nasa.gov/
images/gongmag4.mpg. (Note that it shows the magnetic
intensity of the spots rather than a visible light photo, but it does
show the rotation as seen via sunspots quite clearly.)

A more complex film showing the rotating Sun for January
2014 with views at many different wavelengths can be seen at
http://apod.nasa.gov/apod/ap140312.html. (This is perhaps
better to show after Experience 3.11, “The Multicolored Sun.”)

For More Advanced Classes

The Sun appears to wobble a bit as seen from Earth over the course of a year because the plane
of our orbit is not exactly in the Sun’s equatorial plane. To correct for this small effect, you can
actually use a different Stonyhurst disk overlay for each of the 12 months, given that the Sun is
tilted differently relative to Earth in each month.

To obtain these disks and see this more advanced version of the activity, go to Space Weather
Forecast, a curriculum and activity sequence developed at Chabot Space and Science

Center for the Stanford Solar Center: http://solar-center.stanford.edu/SID/educators/
SpaceWeatherForecast-v.070507 pdf.
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How Fast Does the Sun Rotate?

SHEET 1: IMAGES OF THE SUN FROM THE SOLAR
DYNAMICS OBSERVATORY IN MAY 2014

N
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May 8, 2014 May 11, 2014

May 14, 2014
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SHEET 2: IMAGES OF THE SUN FROM THE SOLAR DYNAMICS
OBSERVATORY IN NOVEMBER 2011
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November 3, 2011 November 6, 2011

November 9, 2011
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Constructivist learning approach, xviii
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Copernicus Crater on the Moon, 278, 279, 300
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during total eclipse, 282, 282
Coronal mass ejections (CMEs) from the Sun, 155, 156,
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effects on astronauts in orbit, 155, 168-169, 170, 210,
215, 216
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interaction with Earth’s magnetosphere, 165-166, 211, 211
time to travel to Earth, 214
in 2012, 164, 209, 214
Cosmic ray particles, 222—223
Craters on the Moon, 278-279, 279, 300
rays from, 279, 279
Cross-curricular connections
for annual motion of the Sun experiences, 149-151
for daily motion of the Sun experiences, 60—63
for solar activity and space weather experiences, 266—-268
for the Sun, the Moon, and Earth together experiences,
332-334
Crosscutting concepts, xiv, xv, 21
for annual motion of the Sun experiences, 73
for daily motion of the Sun experiences, 6
for solar activity and space weather experiences, 158,
160, 217

for the Sun, the Moon, and Earth together experiences,
276, 302-303
Current images of the Sun, 175-176, 177, 236, 239, 242

D
Daily motion of the Sun experiences, xiv, 1, 1-64
connecting with standards, 4, 6-7
content background for, 7-11
Earth’s rotation and day and night, 7, 8
have a nice day, 10
keeping time and the Sun, 10-11
measuring time, 8, 8-9, 9
two kinds of north, 9—10, 10
cross-curricular connections for, 60—-63
challenge of finding north, 62—-63
history of time measurement and time units, 60—-61
international date line, 61-62
investigating sundials as clocks, art, or
architecture, 62
life at high latitudes, 62
time zones and the real world, 61
elaborate experiences, 3—4, 43-50
High Noon, 4, 47-50
Pocket Sun Compass, 3, 43—46
engage experiences, 2-3, 13-19
Cast Away: What Do We Think We Know?, 2,
13-15
Your Personal Pocket Sun Clock, 2—-3, 16-20, 20
evaluate experiences, 4, 51-58
What Do We Think We Know? Revisited, 4, 57-58
Where Is It Night When We Have Noon?, 4, 53-56
Write a Picture Book for Kids, 4, 51-52
explain experiences, 3, 32-42
Modeling the Sun—Earth Relationship, 3, 32-35
Noontime Around the World, 3, 36-42
explore experience: Shadow and Sun Tracking, 3, 23—31
learning goals for, 2
literacy connections for, 60
mathematics connections for, 59—60
overview of, 2—4
resources for teachers on, 63-64
teaching time for, 4, 5
three-dimensional learning for, 21-22
video connections for, 59
Day and night
Earth’s rotation and, 7, 8
Earth’s tilt throughout the year and, 74-75
at equator, 75
at equinoxes and solstices, 77, 77
at high latitudes, 62, 75
Length of Day Around the World, 69, 116—-124
Where Is It Night When We Have Noon?, 4, 53-56
Daylight saving time (DST), 18, 24, 26, 29, 30, 35, 44, 59,
86, 91
Disciplinary core ideas, xiv, xv, 21
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for annual motion of the Sun experiences, 72
for daily motion of the Sun experiences, 6
for solar activity and space weather experiences, 160
for the Sun, the Moon, and Earth together experiences,
276
Discover the Sunspot Cycle, 157, 182-195
advance preparation for, 182—183
materials for, 182
objectives of, 182
overall concept of, 182
procedure for, 183-188, 184, 187
Graphing Chart A, 190
Sunspots Data Table, 191-193
Sunspots Handout, 194—-195
Sunspots Worksheet, 189
safety note for, 194
teaching time for, 159
Distance of Earth from the Sun, 161
seasonal effects of, 75-76, 99-103, 114-115
time for coronal mass ejections to travel, 214
Distance of other planets from the Sun, seasonal effects of,
69, 76, 125-126, 130
Does the Moon Rotate?, 274, 318-320
materials for, 318
objectives of, 318
overall concept of, 318
procedure for, 318-320
teaching time for, 275
Dozenal Society of America, 60
Duodecimal (dozenal) counting system, 8, 8, 60

E
E-mail Response to How Can This Be True?, 70, 141-142
key elements of, 141-142
materials for, 141
objective of, 141
overall concept of, 141
procedure for, 141
teaching time for, 71
Eccentricity of planet’s orbit, 76, 76
Seasons on Other Planets, 69, 76, 125-130
Eclipse glasses, 250, 252, 256, 256
“Eclipse seasons,” 284—285
Eclipses. See also Lunar eclipses; Solar eclipses
future, 286-287
How Often Do Eclipses Occur?, 273, 313-315
lunar, 272-274, 282284, 283, 284, 311-315
future total lunar eclipses, 287
Modeling Eclipses, 273, 311-312
resources for teachers on, 335-336
safe viewing of, 285
solar, 272-274, 281, 281-282, 282, 283, 311-315
future total and annular solar eclipses, 286
visibility of the Sun’s atmosphere during, 162
What Causes Lunar Phases and Eclipses?, 274,

Index

327-330
What Do Eclipses Look Like From a Space Colony on
the Moon?, 274, 321-323
Why Do People Spend $10,000 to See a Total Solar
Eclipse?, 273, 316-317
why eclipses don’t happen every month, 284-285, 285
Ecliptic, 284, 285, 312
Elaborate experiences, xv, xix
for annual motion of the Sun, 69-70, 116-138
for daily motion of the Sun, 3—4, 43-50
for solar activity and space weather, 157-158, 232-256
for the Sun, the Moon, and Earth together, 273-274,
313-323
Electric power grid, effects of solar storms on, 155, 168-170,
210, 214-215, 216
Electromagnetic radiation, 162, 169-171
The Multicolored Sun, 157, 232-242
Student Detectives and the Ultraviolet Sun, 157-158,
243-249
Electromagnetic spectrum, 169-171, 235-239, 243
Energy produced by the Sun, 155, 156, 160, 162
amount reaching Earth, 162
coronal mass ejections, 155, 156, 164—-165, 207, 209,
214, 222, 265 (See also Coronal mass ejections
from the Sun)
electromagnetic radiation (See Electromagnetic
radiation)
magnetic, 163, 168, 214
solar constant, 162
Engage experiences, xv, xvi, xviii
for annual motion of the Sun, 68, 79-83
for daily motion of the Sun, 2-3, 13-19
for solar activity and space weather, 156, 173-177
for the Sun, the Moon, and Earth together, 272-273,
288-293
Equinox(es)
definition of, 77
fall
in Northern Hemisphere, 68, 77, 84, 110, 122, 123
on Uranus, 131
height of the Sun in the sky at, 92
length of day at, 77, 121, 122, 140
rising and setting position of Sun at, 68, 77, 84, 88
spring
in Northern Hemisphere, 68, 77, 84, 110, 121, 122,
124
on Uranus, 131
sun tracking observations at, 86, 91
tilt of the Earth’s axis at, 140
Evaluate experiences, xv, xix
for annual motion of the Sun, 70, 139-147
for daily motion of the Sun, 4, 51-58
for solar activity and space weather, 158, 257-262
for the Sun, the Moon, and Earth together, 274, 324-330
Explain experiences, xv, xvi, Xix
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Index

for annual motion of the Sun, 69, 93-115

for daily motion of the Sun, 3, 32-42

for solar activity and space weather, 157, 196-231

for the Sun, the Moon, and Earth together, 273, 304—312
Explore experiences, xv, xvi, xviii

for annual motion of the Sun, 68—-69, 84—92

for daily motion of the Sun, 3, 23-31

for solar activity and space weather, 156-157, 178-195

for the Sun, the Moon, and Earth together, 273, 294-301

F
Fall equinox
in Northern Hemisphere, 68, 77, 84, 110, 122, 123
on Uranus, 131
5E Instructional Model, xv, xviii-xix. See also Elaborate
experiences; Engage experiences; Evaluate experiences;
Explain experiences; Explore experiences
Flares on the Sun, xxi, 155, 156, 164, 165, 168, 206, 209, 222
Frequency of eclipses, 273, 313-315

G
Galileo Galilei
astronomy lab notebook of, xvi, xvii
idea of the Sun’s rotation, 167
sunspot observations of, 194, 194
Galileo spacecraft image of the Moon, 271
Gamma rays, 235
Geographic north, 9, 62
Geomagnetic activity on Earth, 166
Data Table for, 224-226
indexes of, 220
aa index, 166, 218, 219, 220, 221, 230, 267
Gnomon shadow data, 6
High Noon, 4, 4748, 50
High Noon Throughout the Year, 90, 91
Length of Day Around the World, 69, 116—-121, 123
Modeling the Sun—Earth Relationship, 32—-35
Noontime Around the World, 3, 36-41, 37
recording circle templates for, 36, 116
Shadow and Sun Tracking, 3, 23-31
Sun Tracking Throughout the Year, 84—-89
on sundials, 9, 9, 22
Where Is It Night When We Have Noon?, 53, 55
Greenwich Mean Time, 59. See also Universal Time
Gregorian calendar, 69, 77

H

Harriot, Thomas, 194

Heating of Earth by the Sun, 161
Earth’s tilt and, 74-75, 115
infrared radiation, 169, 171, 234
latitude and, 75
at solstices, 140

Hebrew calendar, 77

Height of Sun above the horizon, 2

Angle Indicator Sheet for, 108
based on latitude, 10, 75
seasonal effects of, 75
High Noon, 4, 47-49, 48
High Noon Throughout the Year, 90-92
Length of Day Around the World, 74, 116
Reasons for the Seasons Symposium, 69, 93, 96, 98,
104-107, 115
Shadow and Sun Tracking, 3, 29
Sun Tracking Throughout the Year, 84-89
throughout the year, 68, 72, 74-75, 77
Helioviewer website, 175-176, 236
Herschel, William, 169, 169, 170
High Noon, shadows at, 4, 47-50
advance preparation for, 47
materials for, 47
objectives of, 47
overall concept of, 47
procedure for, 48, 49-49
High Noon Data Chart, 50
teaching time for, 5
High Noon Throughout the Year, 69, 90-92
advance preparation for, 90-91
materials for, 90
objectives of, 90
overall concept of, 90
procedure for, 91-92
safety note for, 91
teaching time for, 71
Hinode spacecraft image of the Sun, 242
Horizon blinders, 34, 35, 306
How Can This Be True?, 68, 81-83
advance preparation for, 81
E-mail Response to, 70, 141-142
materials for, 81
objectives of, 81
overall concept of, 81
procedure for, 81-82, 82-83
teaching time for, 71
How Fast Does the Sun Rotate?, 157, 196-205
advance preparation for, 196—197
materials for, 196
objectives of, 196
overall concept of, 196
procedure for, 197-203, 198, 200, 201, 204-205
for more advanced classes, 203
teaching time for, 159
How Often Do Eclipses Occur?, 273, 313-315
advance preparation for, 313
materials for, 313
objectives of, 313
overall concept of, 313
procedure for, 314, 314-315
teaching time for, 275
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|
| Can’t Make It Come Out Even: Fitting Days and Years Into a
Workable Calendar, 69-70, 132-138
advance preparation for, 132
materials for, 132
objectives of, 132
overall concept of, 132
procedure for, 133—-136
Calendar Worksheet, 137
Planet Ptschunk Worksheet, 138
teaching time for, 71
Images of the Sun, working with, 163—-164, 167, 172, 175—
177, 204-205
Infrared Processing and Analysis Center (IPAC), 238
Infrared radiation, 156, 162, 169—-171, 233, 234, 234, 235—
236, 242
discovery of, 169-170
Interdisciplinary activities. See Cross-curricular connections
International date line (IDL), 61-62
International Space Station (ISS), 155, 155, 170, 215
International Sunspot Number, 191
Invisible radiation produced by the Sun, 156, 169-171, 285.
See also Infrared radiation; Ultraviolet radiation; X-rays
The Multicolored Sun, 157, 232-242
Student Detectives and the Ultraviolet Sun, 157-158,
243-249
lonosphere, 214, 215

J
Journals, xvi. See also Astronomy lab notebooks
Julian calendar, 69, 77
Jupiter, 133, 163, 195, 203, 281
axis tilt of, 130
lack of seasons on, 126, 127, 128, 129, 133
length of day on, 10

K
K index, 166
Kp index, 267

L
Latitudes on Earth, 199
high, 62, 75, 199
seasons and, 75
Sun’s height above horizon based on, 10, 75
Latitudes on the Sun, 199-200, 200
to estimate sunspot locations, 200-201
rotation rate and, 156, 167, 203
Stonyhurst disk grid overlay of, 200, 200
Layers of the Sun, 156, 162, 162—163
Leap year, 77, 135, 148, 260
Learning cycles, xviii
Length of Day Around the World, 69, 116124
advance preparation for, 117
materials for, 116

Index

objectives of, 116
overall concept of, 116
procedure for, 117, 117-120, 118, 119
Discussion Questions, 123-124
Discussion Questions (Teacher Version), 121-122
teaching time for, 71
Literacy connections, xiv, xv
for annual motion of the Sun experiences, 73, 149
Reasons for the Seasons Symposium, 96
for daily motion of the Sun experiences, 7, 60
for solar activity and space weather experiences, 162,
266
for the Sun, the Moon, and Earth together experiences,
277, 332
Local noon, 11, 55, 56. See also Noon
shadow tracking at, 25, 30
vs. standard time noon, 11, 25
Sun’s height above the horizon at, 2, 10, 30, 69, 90-92
Longitudes on Earth, 10, 199
antimeridian, 61
international date line and, 61-62
prime meridian, 11, 61, 199, 201
time zones and, 11
Longitudes on the Sun, 199-200, 200
Stonyhurst disk grid overlay of, 200, 200
sunspot locations estimated by, 200-201
Lunar calendars, 77, 135, 280
Lunar eclipses, xv, 4, 271, 282-284, 287
How Often Do Eclipses Occur?, 273, 313-315
Modeling Eclipses, 273, 311-312
partial, 283
total, 282-283, 283
in future, 287
light diffraction during, 283-284, 284
What Causes Lunar Phases and Eclipses?, 274,
327-330
why eclipses don’t happen every month, 284-285, 285
Lunar phases, xv, 4, 132, 271, 276-277, 278
calendars based on, 77, 134-135, 280
correct order of, 289-290, 296, 299, 325
cycle of, 280-281
lunar eclipse and, 281, 283
Lunar Phases Revisited, 274, 324-326
Modeling the Moon, 273, 304-310
names of, 297
Observing the Moon, 273, 294-301
photographs of, 291, 299, 325, 326
Predicting What the Moon Will Look Like, 272-273,
288-291
in relation to the Sun and Earth, 307, 308
resources for teachers on, 334
rising and setting times of the Moon during, 295
solar eclipse and, 281
What Causes Lunar Phases and Eclipses?, 274,
327-330
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Index

What Do We Think We Know?, 273, 292-293
Lunar Phases Revisited, 274, 324-326

advance preparation for, 324

materials for, 324

objectives of, 324

overall concept of, 324

procedure for, 324-325, 325

Six Lunar Photographs, Set 2, 326

teaching time for, 275
Lunar rotation. See Rotation of the Moon
Lunations, 77

M
Magnetic declination, 9, 59, 62
Magnetic field of the Earth, 165-166, 209, 211, 213
Magpnetic field of the Sun, 163
Magnetic north, 9-10, 10, 62—63
Magnetosphere of Earth
during solar storms, 155-156, 211, 211, 216
Sun'’s interaction with, 156, 162, 165, 165, 213, 213
Maria on the Moon, 277-279, 279, 294, 300
Mars, 133
axis tilt of, 130, 130
eccentricity of orbit of, 76
length of day on, 10, 60
making a calendar for, 136, 148
moons of, 136
seasons on, 76, 126, 127, 128, 129, 130, 136
Mathematics connections, xiv, xv
for annual motion of the Sun experiences, 73, 148-149
Reasons for the Seasons Symposium, 96
for daily motion of the Sun experiences, 7, 59-60
for solar activity and space weather experiences, 162,
217, 264-266
Solar Math, 264-265
for the Sun, the Moon, and Earth together experiences,
277, 331-332
Mercury, 128, 129, 130, 133
Modeling Eclipses, 273, 311-312
materials for, 311
objectives of, 311
overall concept of, 311
procedure for, 311-312
teaching time for, 275
Modeling the Moon, 273, 304-310
advance preparation for, 304-305
materials for, 304
objectives of, 304
overall concept of, 304
procedure for, 305-309, 306, 308
Moon Phase Activity Sheet, 310
teaching time for, 275
Modeling the Sun—Earth Relationship, 3, 32-35
advance preparation for, 32
materials for, 32

objectives of, 32
overall concept of, 32
procedure for, 33-35, 35
teaching time for, 5
Moon, 276-285, 288-301, 304-315, 318-336
eclipses of (See Lunar eclipses)
Galileo spacecraft image of, 271
near and far sides of, 281
observing, 273, 294-301
orbit relative to Earth and the Sun, 280
phases of (See Lunar phases)
revolution around Earth, 271, 280
rotation of, 272, 281
Does the Moon Rotate?, 274, 318-320
synchronous, 281
surface features of, 277-279, 279, 300
What Do Eclipses Look Like From a Space Colony on
the Moon?, 274, 321-323
Moon, observing the, 273, 294-301. See Observing the
Moon
The Multicolored Sun, 157, 232-242
advance preparation for, 233
materials for, 232
objectives of, 232
overall concept of, 232
procedure for, 233-239
images of the Sun at different wavelengths, 237, 242
TV Remote Take-Home Assignment, 240-241
teaching time for, 159
Musical interpretations of astronomical events, 62, 149,
267-268, 333-334

N
National Aeronautics and Space Administration (NASA),
163, 171, 235-236, 263-266, 331-336. See also Solar
Dynamics Observatory images
Aurora Image Archive of, 220
“Build a Space Weather Action Center,” 263
Galileo spacecraft image of the Moon, 271
monitoring of space weather by, 215
SOHO Mission image of sunspots, 163
“Sun Primer,” 239
video of coronal mass ejection that missed Earth, 157,
207, 209
National Oceanic and Atmospheric Administration (NOAA),
59, 215, 264, 266, 268, 269
National Science Teachers Association Solar Science
website, xxi
National Solar Observatory, 242, 265
Neptune, 128, 129, 130
Next Generation Science Standards (NGSS), connecting
learning experiences with, xiv, xv, 21. See also Three-
dimensional learning
annual motion of the Sun, 70, 72-73
Reasons for the Seasons Symposium, 96
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daily motion of the Sun, 4, 6
solar activity and space weather, 158, 160
the Sun, the Moon, and Earth together, 276
Noon
High Noon, 4, 47-50
High Noon Throughout the Year, 69, 90-92
local, 11, 25, 30, 55, 56
vs. standard time noon, 11, 25
Noontime Around the World, 3, 36-42
shadow tracking at, 25, 30, 41, 42, 121, 123
Sun’s height above the horizon at, 2, 10, 30, 68, 69,
90-92
Where Is It Night When We Have Noon?, 4, 53-56
Noontime Around the World, 3, 36-42
advance preparation for, 36-37
materials for, 36
overall concept of, 36
procedure for, 37, 37-40, 38
Discussion Questions, 42
Discussion Questions (Teacher Version), 41
teaching time for, 5
North, celestial vs. magnetic, 9-10, 10, 59, 6263
Shadow and Sun Tracking, 23, 27
North Pole of Earth
Earth’s axis to South Pole from, 111
longitudes between South Pole and, 10, 61, 196
magnetic, 165, 165, 213
magnetic north and, 9, 10
orientation to Sun during seasons, 73, 74
when Sun never sets at, 75
at winter solstice, 41
North Pole of Uranus, during seasons, 131
Northern Hemisphere, xvi
auroras visible in, xii, xiii, 165, 166, 166, 168, 213, 214,
220
fall equinox in, 68, 77, 84, 110, 122, 123
height of the Sun above the horizon in, 106
Length of Day Around the World in, 69, 116, 118,
121-122
length of day at high latitudes in, 62
rising and setting points of the Sun in, 68, 84
seasons in, 68, 70, 115, 140-142, 144
key days for marking, 77
orientation of the Earth and, 74, 74-75, 141-142
on other planets, 76, 130-131, 131
spring equinox in, 68, 77, 84, 110, 121, 122, 124
summer solstice in, 54, 77, 84, 90, 92, 105, 106, 107,
110, 112, 113, 123, 140, 141-142
winter solstice in, 37-38, 41, 75, 77, 84, 90, 92, 105,
110, 118, 121, 124, 140, 142
Northern lights, xii, xiii, 165, 166, 166, 168, 213, 214, 220

o
Observing the Moon, 273, 294-301
advance preparation for, 294-296, 295

Index

materials for, 294
objectives of, 294
overall concept of, 294
procedure for, 296—-299
Lunar Map, 300
Lunar Observing Record Chart, 301
teaching time for, 275
Observing the Sun Safely, Additional Ways of, 158, 250-256
advance preparation for, 250-251
materials for, 250
objectives of, 250
overall concept of, 250
procedure for, 251-252
Pinhole Projection in a Box, 254, 254
Pinhole Projection Using Two Sheets, 253, 253
Projection Using a Mirror, 255, 255
Using Special Eclipse Glasses, 256, 256
safety note for, 251, 253, 254, 255, 256
teaching time for, 159

P
Performance expectations for learning experiences, xv
annual motion of the Sun, 72
daily motion of the Sun, 6
solar activity and space weather, 160
the Sun, the Moon, and Earth together, 277
Personalizing learning experiences, Xix—xx
Phases of the Moon. See Lunar phases
Photosphere of the Sun, 156, 162, 162, 163, 195
temperature of, 163, 195
Picture Book for Kids, Write a (on daily motion of the Sun),
4, 51-52 (See also Write a Picture Book for Kids [on
seasons])
Picture Book for Kids, Write a (on seasons), 70, 139—-140
(See also Write a Picture Book for Kids [on seasons])
Plasma (Sun), 162, 163, 167
Pocket Sun Clock, 2-3, 16-19, 38—43 (See also Your
Personal Pocket Sun Clock)
Pocket Sun Compass, 3, 43—46
advance preparation for, 43
materials for, 43
overall concept of, 43
procedure for, 44—-45
Sun Compass Challenge, 46
safety note for, 43
teaching time for, 5
Predict the Next Sunspot Maximum and Minimum, 158,
259-262
advance preparation for, 259
materials for, 259
objectives of, 259
overall concept of, 259
procedure for, 259-261
Averaged Sunspot Numbers for the Last Few
Decades, 262
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Index

teaching time for, 159
Predicting What the Moon Will Look Like, 272-273, 288-291
advance preparation for, 289
materials for, 288
objectives of, 288
overall concept of, 288
procedure for, 289-290
Six Lunar Photographs, Set 1, 291
teaching time for, 275
Prime meridian, 11, 61, 199, 201
Prominences from the Sun’s surface, 156, 164

R
Radius of the Earth, 265
Radius of the Sun, 265
Reading standards, connecting learning experiences with.
See also Literacy connections
annual motion of the Sun, 73
daily motion of the Sun, 7
solar activity and space weather, 162
the Sun, the Moon, and Earth together, 277
Reasons for the Seasons Revisited, 70, 143—-145
materials for, 143
objective of, 143
overall concept of, 143
procedure for, 143
Worksheet, 144—-145
teaching time for, 71
Reasons for the Seasons Symposium, 69, 93-115
advance preparation for, 94—95
holding the symposium, 114-115
materials for, 114
procedure for, 114-115
materials for, 93—95
modifications of, 95
objectives of, 93
overall concept of, 93
procedures for preassessment activity, 97-98
procedures for research topic 1: effect of Earth’s
changing distance to Sun, 99-103
advance preparation for, 100—-101, 101
materials for, 100
overall concept of, 99—100
procedure for, 101
Research Team Assignment Sheet for, 102—-103
procedures for research topic 2: effect of Sun’s height
above the horizon, 104—-108
advance preparation for, 104
Angle Indicator Sheet for, 108
materials for, 104
overall concept of, 104
procedure for, 104
Research Team Assignment Sheet for, 105-107
procedures for research topic 3: effect of direction of
Earth’s axis on seasons, 109-113

advance preparation for, 109, 110
materials for, 109
overall concept of, 109
procedure for, 109-110
Research Team Assignment Sheet for, 111-113
procedures for symposium introduction and research
topic assignment, 98-99
safety note for, 93, 102, 111
teaching time for, 71, 94
three-dimensional learning for, 96
Rising position of the Sun, 7, 8, 13, 68, 75, 77, 119, 306. See
also Sunrise
Rising times of the Moon, 295
Ritter, Johann, 169, 170
Rotation, synchronous, 281, 336
Rotation of Earth, 2, 6, 32, 72, 76, 271

axis of, 9
seasons determined by tilt of, 68, 72—-75, 109-113,
115, 139

day and night determined by, 7, 52, 76
direction of, 30, 31, 34, 38, 305-306
Noontime Around the World, 36-37, 41, 42
time measured by rate of, 68, 76
Rotation of other planets, 10, 130
Mars, 136
Uranus’s seasons and, 130-131, 131
Rotation of the Moon, 272, 281, 318-320
Does the Moon Rotate?, 274, 318-320
synchronous, 281
Rotation of the Sun, 155, 167, 196-205
Galileo’s idea of, 167, 194
rate of, 155, 156, 160, 167, 203
Carrington rotation period, 167, 203
at different latitudes, 156, 167, 203
How Fast Does the Sun Rotate?, 157, 196-205
sunspot activity and, 155, 167, 263
What Do We Think We Know?, 173-174
Rotational north, 9, 59, 62

S
Safe eclipse viewing, 178-181, 250-256, 285
Safe Solar Viewing, 156-157, 178-181
advance preparation for, 178-179, 179
materials for, 179
objectives of, 178
overall concept of, 178
procedure for, 179-181
safety note for, 179, 180
teaching time for, 159
Safe viewing of the Sun, xvi, 24, 27, 43, 86, 91, 179, 194,
251, 253, 254, 255, 256
Additional Ways of Observing the Sun Safely, 158,
250-256
Safe Solar Viewing, 156-157, 178-181
Satellites, xiv. See also Solar Dynamics Observatory images
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detection of auroras by, 265
detection of invisible radiation by, 171
effect of solar activity on, 155, 156, 210, 215, 216
image of flare on the Sun, 206
images of sunspots, 196, 198
monitoring of space weather by, 215, 267
Saturn, 127, 128, 129, 130, 133, 265
Scheiner, Christoph, 194
Schwabe, Samuel Heinrich, 163
Science and engineering practices, xiv, xv, 21
for annual motion of the Sun experiences, 72
for daily motion of the Sun experiences, 1, 6
for solar activity and space weather experiences, 158,
160, 217
for the Sun, the Moon, and Earth together experiences,
276, 302
Science notebooks, xvi. See also Astronomy lab notebooks
Seasons, xiii, xiv, 67—152
at different latitudes, 75
E-mail Response to How Can This Be True?, 70,
141-142
Earth’s orientation relative to Sun during, 73-75, 74
effect of changing distance from the Sun on
for Earth, 75-76, 99-103, 114-115
for other planets, 69, 76, 125-126, 130
height of Sun in the sky during, 74-75, 91
How Can This Be True?, 68, 81-83
Length of Day Around the World, 69, 116-124
on other planets, 69, 76, 76, 125-131, 151
reasons for, 75-76
Reasons for the Seasons Revisited, 70, 143—-145
Reasons for the Seasons Symposium, 69, 93-115
resources for teachers on, 151
Sun’s path across the sky in, 1
Write a Picture Book for Kids, 70, 139-140
Seasons on Other Planets, 69, 125-131
advance preparation for, 125—-126
axis tilts of planets, 130
Mars, 130
materials for, 125
objectives of, 125
overall concept of, 125
procedure for, 126-127
Characteristics of the Planets, 129
Characteristics of the Planets (Teacher Version), 128
teaching time for, 71
Uranus, 130-131, 131

Setting position of the Sun, 7, 8, 13, 68, 75, 77, 119. See also

Sunset
Setting times of the Moon, 295
Shadow and Sun Tracking, 3, 23-31
advance preparation for, 24
materials for, 23
objectives of, 23-24
overall concept of, 23

Index

procedure after observations are collected, 28
Moving Shadows Discussion Questions, 31
Moving Shadows Discussion Questions (Teacher
Version), 30
procedure for shadow tracking element of, 25-27, 26
procedure for sun tracking element of, 27-28
Where Is the Sun Now? Observation Diagram
Sheet, 29
safety note for, 24
teaching time for, 5
Solar activity and space weather experiences, xiv, 155-268
connecting with standards, 158, 160-161
content background for, 161-171
geomagnetic activity, auroras, and K and A index,
166, 166
interaction with Earth’s magnetosphere, 165, 165
introducing the Sun, 161, 161-162
layers of the Sun, 162, 162—-163
solar activity, 164, 164—-165
space weather, 168-170
spectrum of electromagnetic radiation, 170-171
Sun'’s rotation, 167, 167
sunspots, 163, 163—164
cross-curricular connections for, 266—268
elaborate experiences, 157-158, 232-256
Additional Ways of Observing the Sun Safely, 158,
250-256
The Multicolored Sun, 157, 232-242
Student Detectives and the Ultraviolet Sun, 157—
158, 243-249
engage experiences, 156, 173-177
Be a Solar Astronomer, 156, 175-177
What Do We Think We Know?, 156, 173-174
evaluate experiences, 158, 257-262
Predict the Next Sunspot Maximum and Minimum,
158, 259-262
Space Weather Report, 158, 257-258
explain experiences, 157, 196-231
How Fast Does the Sun Rotate?, 157, 196-205
Space Weather, 157, 206-216
What Else Cycles Like the Sun?, 157, 218-231
explore experiences, 156—-157, 178-195
Discover the Sunspot Cycle, 157, 182—195
Safe Solar Viewing, 156-157, 178-181
follow-up (extension) activities, 263
learning goals for, 156
literacy connections for, 266
mathematics connections for, 264—266
overview of, 156-158
resources for teachers on, 268-269
teaching time for, 158, 159
three-dimensional learning for, 217
video connections for, 264
Solar constant, 162
Solar Data Analysis Center website, 236
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Solar Dynamics Observatory images, 177, 215, 264, xiv, xiv
coronal mass ejections, 164, 214
flare on the Sun, 206
Sun at different wavelengths, 237, 238, 239, 242
sunspots, 189, 198, 199
Solar eclipses, xv, 271, 281-282
annular, 281, 282
in future, 286
How Often Do Eclipses Occur?, 273, 313-315
Modeling Eclipses, 273, 311-312
partial, 281, 282
safe viewing of, 178-181, 250-256, 285
total, xiii, xiii, 281, 282, 282
of August 2017, xiv, 283
duration of, 282
in future, 286
path of totality, 282
Why Do People Spend $10,000 to See a Total
Solar Eclipse?, 273, 316-317
What Do Eclipses Look Like From a Space Colony on
the Moon?, 274, 321-323
why eclipses don’t happen every month, 284-285, 285
Solar flares, xxi, 155, 156, 164, 165, 168, 206, 209, 222
Solar images and sunspots, 163, 176, 177, 195, 198, 204
205. See also Sunspots
Solar maximum, 186, 188, 214, 260
Predict the Next Sunspot Maximum and Minimum, 158,
259-262
Solar minimum, 186, 188
Predict the Next Sunspot Maximum and Minimum, 158,
259-262
Solar Monitor website, 236
Solar rotation. See Rotation of the Sun
Solar Science website, xxi
Solar storms, 155, 156, 165, 167, 206, 214-215, 267. See
also Coronal mass ejections from the Sun
Carrington event of 1859, 157, 168, 170, 207, 216, 266,
267
Earth’s magnetosphere during, 165-166, 211, 211
effects on astronauts in orbit, 155, 168-169, 170, 210,
215, 216
effects on Earth technology, 155, 168-170, 210, 214—
215, 216
history of, 216
of March 1989, 168-169
Space Weather, 157, 206-216
Space Weather Report, 158, 257-258
Solar wind, xiii, 156, 165, 168, 209, 213, 213, 263, 266267
Solar (tropical) year, 77, 281
Solstice(s)
definition of, 77
length of day at, 121, 122, 140
summer
in Northern Hemisphere, 54, 77, 84, 90, 92, 105,
106, 107, 110, 112, 113, 123, 140, 141-142

on Uranus, 131
sun tracking observations at time of, 86, 91
winter
in Northern Hemisphere, 37-38, 41, 75, 77, 84, 90,
92, 105, 110, 118, 121, 124, 140, 142
on Uranus, 131
Sondheim, Stephen, 62
South Pole of Earth
Earth’s axis from North Pole to, 111
longitudes between North Pole and, 10, 61, 196
magnetic, 165, 165, 213
orientation to Sun during seasons, 73, 74
when Sun never sets at, 75
on winter solstice, 41
Southern Hemisphere
auroras visible in, 165, 213, 214, 220
Length of Day Around the World in, 69, 116, 121-122
seasons in, 68, 70, 113, 140-142
orientation of the Earth and, 74, 74-75
on other planets, 76, 130-131, 131
Southern lights, 165, 213, 214, 220
Space Weather, 157, 206-216
advance preparation for, 207
materials for, 206
objectives of, 207
overall concept of, 206, 206—207
procedure for, 207-210
Solar Storm Warning and Protection Worksheet,
211-212
Space Weather Handout, 213-216
teaching time for, 159
Space weather, 155, 157, 164-170, 206—216. See also Solar
storms
Space Weather Prediction Center, 211, 215, 258, 269
Space Weather Report, 158, 257-258
advance preparation for, 257
materials for, 257
objectives of, 257
overall concept of, 257
procedure for, 258
teaching time for, 159
SpaceWeather website, 203
SpaceWeatherForecast, 203, 263
Speaking and listening standards, connecting learning
experiences with
annual motion of the Sun, 73
Reasons for the Seasons Symposium, 96
daily motion of the Sun, 7
solar activity and space weather, 162
the Sun, the Moon, and Earth together, 277
Spring equinox
in Northern Hemisphere, 68, 77, 84, 110, 121, 122, 124
on Uranus, 131
Standards, connecting learning experiences with, xvi, xv, 21
annual motion of the Sun, 70, 72-73
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daily motion of the Sun, 4, 6-7
solar activity and space weather, 158, 160-161
the Sun, the Moon, and Earth together, 274, 276-277
Stock market prices related to solar activity, 217, 218, 219,
219, 220-221
Graphing Chart C for, 231
S&P 500 Data Table for, 227—229
Stonehenge, 150, 151
Stonyhurst disk grid overlay, 200, 200
Student Detectives and the Ultraviolet Sun, 157-158, 243—
249
advance preparation for, 243-244
materials for, 243-244
objectives of, 243
overall concept of, 243
procedure for, 244—-247
Student Detectives Record Sheet, 248-249
teaching time for, 159
Student handouts, xix. See also specific learning experiences
PDF versions of, xxi
Summer solstice
in Northern Hemisphere, 54, 77, 84, 90, 92, 105, 106,
107, 110, 112, 113, 123, 140, 141-142
on Uranus, 131
Sun, Moon, and Earth together experiences, xiii, xv, 12,
271-336
connecting with standards, 274, 276-277
content background for, 276-285
future total and annular solar eclipses, 286
future total lunar eclipses, 287
the month and the motions that define it, 280,
280-281
the Moon'’s rotation, 281
phases of the Moon, 276-277, 278
safe eclipse viewing, 285
surface features of the Moon, 277-279, 279
understanding lunar eclipses, 282-284, 283, 284
understanding solar eclipses, 281, 281-282, 282,
283
why eclipses don’t happen every month, 284-285,
285
cross-curricular connections for, 332-334
elaborate experiences, 273-274, 313-323
Does the Moon Rotate?, 274, 318-320
How Often Do Eclipses Occur?, 273, 313-315
What Do Eclipses Look Like From a Space Colony
on the Moon?, 274, 321-323
Why Do People Spend $10,000 to See a Total
Solar Eclipse?, 273, 316-317
engage experiences, 272-273, 288-293
Predicting What the Moon Will Look Like, 272-273,
288-291
What Do We Think We Know?, 273, 292-293
evaluate experiences, 274, 324-330
Lunar Phases Reuvisited, 274, 324-326

Index

What Causes Lunar Phases and Eclipses?, 274,
327-330
explain experiences, 273, 304-312
Modeling Eclipses, 273, 311-312
Modeling the Moon, 273, 304-310
explore experience: Observing the Moon, 273, 294-301
learning goals for, 272
literacy connections for, 332
mathematics connections for, 331-332
resources for teachers on, 334-336
teaching time for, 274, 275
three-dimensional learning for, 302-303
video connections for, 331
Sun, observing the, 158, 250-256. See Additional Ways of
Observing the Sun Safely
Sun Tracking Throughout the Year, 69, 84-89
advance preparation for, 85-86
materials for, 84
objectives of, 84-85
overall concept of, 84
procedure for, 86—-87
Discussion Questions, 89
Discussion Questions (Teacher Version), 88
safety note for, 86
teaching time for, 71
Sundials, 3, 8-9, 9, 61, 62
as clocks, art, or architecture, 62
Length of Day Around the World, 117, 117—120
Modeling the Sun—Earth Relationship, 3, 32-35
Sunrise, 3, 32
in different locations, 39, 41, 42
lack of, at North and South Poles, 41
in Northern vs. Southern Hemisphere, 68
position of the Sun at, 7, 8, 13, 68, 75, 77, 119, 306
rising and setting times of the Moon relative to, 295
shadow on sundial at, 41, 42, 120, 121, 123
Sun Tracking Throughout the Year, 84-89
Sunset, 3, 32
in different locations, 39, 41, 42
lack of, at North and South Poles, 41
position of the Sun at, 7, 8, 13, 68, 75, 77, 119
rising and setting times of the Moon relative to, 295
shadow on sundial at, 41, 42, 120, 121, 123
Sun Tracking Throughout the Year, 84—89
Sunspot cycle, 155, 157, 163—164, 182-195
Discover the Sunspot Cycle, 157, 182—195
Predict the Next Sunspot Maximum and Minimum, 158,
259-262
solar maximum and minimum, 188, 214, 260
What Else Cycles Like the Sun?, 218-231
Sunspot number (SSN) counts, 182—-193
Sunspots, 155, 156, 163, 163—-164, 176, 176, 177, 195, 263
discovery of, 194
duration of, 163, 195
images of, 163, 176, 177, 195, 198, 204-205
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magnetic forces in areas of, 195
measuring the Sun’s rotation by, 167
How Fast Does the Sun Rotate?, 196-205, 198,
204-205
“Sunspot Races,” 263
size of, 163, 195, 265
temperatures in, 163, 195
Surface features of the Moon, 277-279, 279, 300

T
Technology on Earth, effects of solar storms on, 155, 156,
168-170, 210, 214-215, 216
Temperature
of the Sun’s layers, 162-163, 195
in sunspots, 163, 195
Think-pair-share strategy, xix, 14, 15, 58, 80, 82, 146, 174,
208, 293, 298, 318, 321
Three-dimensional learning, xiv
for daily motion of the Sun experiences, 21-22
for Reasons for the Seasons Symposium, 96
for solar activity and space weather experiences, 217
for the Sun, the Moon, and Earth experiences, 302—-303
Time measurement, 8-11, 13-20, 36-42, 59-61, 69-70,
76-77, 132—-138, 148-150
based on celestial motions, 76-77, 77
the month and the motions that define it, 280,
280-281
Cast Away: What Do We Think We Know?, 2, 13—-15
daylight saving time, 18, 24, 26, 29, 30, 35, 44, 59, 86, 91
duodecimal (dozenal) counting system, 8, 8, 60
Fitting Days and Years Into a Workable Calendar,
69-70, 132-138
history of, 60-61
Noontime Around the World, 3, 36—42
sundials, 8-9, 9
timekeeping and the Sun, 10-11
Your Personal Pocket Sun Clock, 2-3, 16-19, 17, 20
Time units, 7, 8, 60. See also Calendar
resources for teachers on, 151-152
Time zones, 2, 11, 59
converting between, 59-60
daylight saving time and, 59
Greenwich Mean Time, 59
and the real world, 11, 61
in United States., 59
Universal Time, 11, 59
sunrise and sunset in, 41, 42
Timing circle, 100, 101, 111, 112
Tourism and eclipses, 273, 316-317, 335
Twain, Mark, 333
Tycho Crater on the Moon, 278, 279, 300
rays from, 279, 279

u
Ultraviolet (UV) images of the Sun, 172, 206, 242

Ultraviolet (UV) radiation, 156, 162, 170-171, 215, 222, 232
discovery of, 169-170
The Multicolored Sun, 157, 232, 235-236, 238
Student Detectives and the Ultraviolet Sun, 157-158,
243-249
Universal Time (UT), 11, 59
Uranus, 127, 128, 129, 130, 130-131, 131, 149, 151

\'
Venus, 10, 76, 127, 128, 129, 130, 133
Video connections
for annual motion of the Sun experiences, 148
for daily motion of the Sun experiences, 59
for solar activity and space weather experiences, 264
for the Sun, the Moon, and Earth together experiences,
331
Viewing the Sun safely, xvi, 24, 27, 43, 86, 91, 179, 194,
251, 253, 254, 255, 256
Additional Ways of Observing the Sun Safely, 158,
250-256
Safe Solar Viewing, 156-157, 178—181

w
What Causes Lunar Phases and Eclipses?, 274, 327-330
materials for, 327
objectives of, 327
overall concept of, 327
procedure for, 327-328
Causes for Phases and Eclipses Diagram, 330
Causes for Phases and Eclipses Diagram (Teacher
Version), 329
teaching time for, 275
What Do Eclipses Look Like From a Space Colony on the
Moon?, 274, 321-323
materials for, 321
objectives of, 321
overall concept of, 321
procedure for, 321-323
teaching time for, 275
What Do We Think We Know? (about annual motion of the
Sun), 68, 79-80
advance preparation for, 79
materials for, 79
objectives of, 79
overall concept of, 79
procedure for, 79-80
teaching time for, 71
What Do We Think We Know? (about daily motion of the
Sun), 2, 13-15
advance preparation for, 14
materials for, 13
objectives of, 13
overall concept of, 13
procedure for, 14-15
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teaching time for, 5
What Do We Think We Know? (about lunar phases), 273,
292-293
advance preparation for, 292
materials for, 292
objectives of, 292
overall concept of, 292
procedure for, 292—-293
teaching time for, 275
What Do We Think We Know? (about solar activity and
space weather), 156, 173-174
advance preparation for, 173
materials for, 173
objectives of, 173
overall concept of, 173
procedure for, 174
teaching time for, 159
What Do We Think We Know? Revisited (about annual
motion of the Sun), 70, 146-147
materials for, 146
objective of, 146
overall concept of, 146
procedure for, 146-147
teaching time for, 71
What Do We Think We Know? Revisited (about daily motion
of the Sun), 4, 57-58
materials for, 57
objectives of, 57
overall concept of, 57
procedure for, 57-58
teaching time for, 5
What Else Cycles Like the Sun?, 157, 218-231
advance preparation for, 219
materials for, 218
objectives of, 219
overall concept of, 218-219
procedure for, 220-223
Geomagnetic Activity Data Table, 224—-226
Graphing Chart B, 230
Graphing Chart C, 231
S&P 500 Data Table, 227-229
teaching time for, 159
Where Is It Night When We Have Noon?, 4, 53-56
advance preparation for, 53-54
materials for, 53
objective of, 53
overall concept of, 53
procedure for, 54
Question Sheet, 56
Question Sheet (Teacher Version), 55
teaching time for, 5
Why Do People Spend $10,000 to See a Total Solar
Eclipse?, 273, 316-317
materials for, 316
objective of, 316

Index

overall concept of, 316
procedure for, 316-317
teaching time for, 275
Wind, solar, xiii, 156, 165, 168, 209, 213, 213, 263, 266—267
Winter solstice
in Northern Hemisphere, 41, 77, 84, 90, 92, 105, 110,
118, 121, 124, 140, 142
Earth’s orientation relative to Sun on, 37-38
height of Sun in the sky on, 75
on Uranus, 131
Wolf, Johann Rudolf, 183, 184
Write a Picture Book for Kids (on daily motion of the Sun), 4,
51-52
key elements of, 52
materials for, 51
objectives of, 51
overall concept of, 51
procedure for, 51-52
teaching time for, 5
Write a Picture Book for Kids (on seasons), 70, 139-140
key elements of, 140
materials for, 139
objective of, 139
overall concept of, 139
procedure for, 139-140
teaching time for, 71
Writing standards, connecting learning experiences with. See
also Literacy connections
annual motion of the Sun, 70, 73
Reasons for the Seasons Symposium, 96
daily motion of the Sun, 4,7
solar activity and space weather, 162
the Sun, the Moon, and Earth together, 277

X
X-rays, 157, 162, 164, 171, 215, 232, 234-235, 235, 236,
238, 242

Y
Your Personal Pocket Sun Clock, 2-3, 16-19
advance preparation for, 16-17
diagram of, 17
materials for, 16
objectives of, 16
overall concept of, 16
procedure for, 17—-19
teaching time for, 5
templates for, 20
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EXPLORING SUNSPOTS, SEASONS, ECLIPSES, AND MORE

How can you
make a personal
Sun clock that fits
in your pocket?

How does the
Sun’s light explain
the phases of

the Moon?

What are the real
reasons for the
seasons?

Why do people
spend $10,000 to
see a total solar
eclipse?

Can storms on

the Sun affect the
Earth’s electrical
grid and satellites?

Grades 5-8

oress

National Science Teachers Association

Your middle school students will enjoy exploring these questions and many others
through the engrossing experiences in this versatile book. Solar Science offers 45
classroom-tested, hands-on, inquiry-based activities. The topics covered include
the Sun’s motions, space weather caused by the Sun, the measurement of time
and seasons in our daily lives, and the causes of both solar and lunar eclipses.

Authors Dennis Schatz and Andrew Fraknoi are award-winning
experts in both astronomy and science education, so they know
how to make the book both lively and practical by

* prompting students to work like scientists by asking questions, doing
experiments, comparing notes, and refining and reporting results;

* helping you make the most of every instructional minute with
related writing projects, grade-appropriate math examples,
and connections to music, art, fiction, and history;

* providing activities that support the three-dimensional learning
encouraged by the Next Generation Science Standards and
connect to the Common Core State Standards; and

* including a variety of easy-to-use resources, including age-appropriate
web pages and real-time data from observatories and satellites.

Solar Science is ideal for teachers, informal science educators, youth group
leaders, curriculum specialists, and teacher trainers. You can use the activities
one at a time, as the basis for a stand-alone unit on the Sun or celestial cycles,
or together as part of a comprehensive curriculum. You get to determine the
best way for your students to learn a lot while having fun with the Sun.
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