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OVERVIEW

In this magazine, 
readers will 
learn about solar 
eclipses, one 
of which will 
be visible from 
portions of the 
United States 
this summer. 

Dig: What’s Up with Eclipses? includes 
information about scientific and 
archaeological discoveries related to 
eclipses as well as how to view an eclipse 
safely.
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ESSENTIAL QUESTION:

How has studying the sun impacted human 
development?
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Using This Guide

We invite you to use this magazine as a flexible teaching tool, ideal for providing 
interdisciplinary instruction of social studies and science content as well as core literacy 
concepts  Find practical advice for teaching individual articles or use a mini-unit that helps 
your students make cross-text connections as they integrate ideas and information   

READ INDIVIDUAL ARTICLES PAGES 4 – 13

Each article in this magazine is well-suited for teaching literacy concepts and content area knowledge  For each 

individual article in this guide, you’ll find the following:

Prepare to Read
CCSS Speaking and Listening 1, 2, 4

Writing/Speaking and Listening
CCSS Writing 1, 2, 3 & 6

CCSS Speaking and Listening 1, 2, 4

Content Concepts
C3 Framework for Social Studies 

Next Generation Science Standards

TEACH A MINI-UNIT PAGES 15 – 17

Magazine articles can easily be grouped to make cross-text 

connections and comparisons  Our Mini-Unit allows students 

to read and discuss multiple articles and integrate ideas and 

information (CCSS Reading 9)  Discussing multiple articles 

(CCSS Reading 9) prepares students to write texts to share and 

publish in a variety of ways (CCSS Writing 2) 

Key Vocabulary 
CCSS Reading 4

ARTICLES

SOCIAL 
STUDIES

CORE 
LITERACY

Close Reading and Text Analysis
CCSS Reading 1-10

Essential Question
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Skills and Standards Overview

Essential Question: How has studying the sun impacted human development?

MAGAZINE  
ARTICLES

CORE CONTENT 
CONCEPT

LITERACY  
SKILLS

CORRESPONDING CCSS 
ANCHOR STANDARDS

Get Ready! 
Persuasive Essay

Historical events such as 
eclipses are an example of 
historical continuity 

• Close Reading
• Visualize Imagery
• Determine Author's 

Purpose
• Write a Letter

Reading 1, 2, 3, 4 & 6 
Writing 3

The What and Why 
Expository Nonfiction

Historical events such as 
eclipses are an example of 
historical continuity 

• Close Reading
• Analyze Text Features
• Interpret Visual 

Information
• Conduct an Interview

Reading 1, 2, 3, 5 & 7 
Speaking & Listening 1 & 6

The Saros Cycle 
Expository Nonfiction

Historical events such as 
eclipses are an example of 
historical continuity 

• Close Reading
• Analyze Text Structure
• Evaluate Evidence
• Research and Write an 

Essay

Reading 1, 2, 3, 5 & 8 
Writing 2, 7 & 8

Onsite in the 7th Century 
B.C.E. 
Expository Nonfiction

People’s perspectives 
influence the information 
available in the sources they 
create   

• Close Reading
• Interpret Figurative 

Language
• Compare Texts
• Present a Monologue

Reading 1, 2, 3, 4, 8 & 9 
Speaking & Listening 4 & 6

The Power of Prediction 
Expository Nonfiction

People’s perspectives 
influence the information 
available in the sources they 
create   

• Close Reading
• Determine Author's 

Purpose
• Evaluate Evidence
• Write a Play

Reading 1, 2, 3, 6 & 8 
Writing 3

Determination Wins 
Expository Nonfiction

Individuals can shape 
significant historical change  

• Close Reading
• Evaluate Word Choice
• Interpret Visual 

Information
• Give a Multimedia 

Presentation

Reading 1, 2, 3, 4 & 7 
Speaking & Listening 4 & 5

Up and Away! 
Expository Nonfiction

Individuals can shape 
significant historical change  

• Close Reading
• Determine Author's 

Purpose
• Evaluate Evidence
• Write a News Article

Reading 1, 2, 3, 6 & 8 
Writing 2

Edison's Eclipse Adventure 
Expository Nonfiction

Individuals can shape 
significant historical change  

• Close Reading
• Analyze Text Structure
• Interpret Visual 

Information
• Write an Argument

Reading 1, 2, 3, 5 & 7 
Writing 1

Einstein's Proof 
Expository Nonfiction

Historical events such as 
discoveries are an example of 
historical change 

• Close Reading
• Analyze Text Features
• Compare Texts
• Write a Poem

Reading 1, 2, 3, 5 & 9 
Writing 3

Planning an Expedition 
Narrative Nonfiction

Individuals can shape 
significant historical change  

• Close Reading
• Analyze Point of View
• Interpret Visual 

Information
• Write a Proposal

Reading 1, 2, 3, 6 & 7 
Writing 3

Comparing Texts: Reading 9

Mini-Unit: Reading 1, 2, & 3; Writing 3
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ARTICLE: Get Ready!
Magazine pages 2 - 3, Persuasive Essay     

WRITING 

Write a Letter  Write a letter to a friend or family member in the area of totality and 

ask if you can visit to view the eclipse  If you don’t know anyone in the region, make 

someone up  Use details from the article to explain why you want to see the eclipse  

CLOSE READING AND TEXT ANALYSIS

Key Ideas

• What can you conclude about the author’s experience with solar eclipses? 

Locate details in the text that support your conclusions   CCSS Reading 1

• Identify the main idea of the article  Where is it located? Why might the author 

have placed the main idea there?  CCSS Reading 2

• How does the author introduce the concept of an eclipse? What information 

does each section add? How does it lead into the conclusion?  CCSS Reading 3

Craft and Structure

• Visualize Imagery  How does the author encourage the reader to visualize 

elements of the article? Draw pictures of what you imagine and quote the 

text as captions   CCSS Reading 4

• Determine Author’s Purpose  Why did the author write this article? What 

specific words or phrases clue you in to the author’s purpose? Is the article 

effective?  CCSS Reading 6

PREPARE TO READ

Use a globe, a flashlight and a ball to demonstrate a solar eclipse  The size of 

the ball you need will depend on the distance between the ball and flashlight 

and the size of your light  

ESSENTIAL 
QUESTION
How has studying the 
sun impacted human 
development? 

KEY VOCABULARY
magnificent (p. 2) very beautiful 

or impressive

perspective (p. 3)  a way of 

thinking about and understanding 

something (such as a particular issue 

or life in general)

spectacle (p. 2) a very impressive 

show

totality (p. 3)  the whole or entire 

amount of something

Science  Learn how stars form and 
evolve  Classify our sun among the 
types of stars  

CROSS-CURRICULAR
EXTENSION

CONCEPT
Social Studies  Historical events 
such as eclipses are an example of 
continuity 

CORE CONTENT

A total solar eclipse will be visible from 12 states on 

August 21, 2017  This means the moon will block our view 

of the sun so that only the sun’s corona will be visible  
Le

xi
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very day, the most beautiful object 

in the sky passes over our heads. 

It shimmers in the heavens with 

magnificent streamers, loops, and 

flames of fire in constant motion. 

But we Earthlings never get to see 

this spectacle. Well, almost never.

I am talking about the outer atmosphere of the 

Sun, the area known as the corona. It is amazingly 

beautiful. Trouble is that the light from the corona 

is overwhelmed by the light coming from the Sun’s 

everyday surface, known as the photosphere. The 

photosphere shines about one million times brighter 

than the corona.

BECAUSE OF A REMARKABLE…
cosmic coincidence, we on Earth happen to have a 

Moon that appears to us to be just about the same 

size as the Sun. This Moon revolves about the Earth 

in such a way that every year or two, it just barely 

covers the Sun completely. When it does cover the 

Sun completely, we have a total solar eclipse that 

lasts but a few seconds or minutes.

During a total solar eclipse, we do not see 

any direct sunlight. The sky turns a deep twilight—

just as it does about half an hour after sunset. 

In addition, the brighter stars and planets 

become visible, and the magnificent corona 

suddenly appears.

THE SIGHT OF A TOTAL…
solar eclipse is unlike anything else you will see in 

your lifetime. In the spot where the Sun was, there 

appears to be a black hole in the sky, surrounded 

by the corona that is glowing in the darkened sky. 

When daytime suddenly turns to twilight, you will 

definitely gasp. The sky will look strangely different 

from any sky you have ever seen before.

A total solar eclipse is visible only within a 

narrow path and only once every year or two. 

by Michael Zeiler, illustrated by Lisa Fields

3

The path of a total solar eclipse can occur anywhere 

on Earth, from the Equator to the North or South 

Pole. Some people have become so entranced by the 

beauty of total eclipses that they will travel to nearly 

anywhere on the planet to catch this sight.

ON AUGUST 21, 2017…
this most magnificent sight is coming right to our 

backyard. Many call it the Great American Eclipse, 

because so many millions of Americans will be able 

to access the 70-mile-wide path of the total solar 

eclipse easily. Another cool fact is that this eclipse 

will be the very first, since the founding of our 

nation in 1776, to visit only the United States and 

no other country on Earth!

The path of the eclipse slices across the United 

States, from the Pacific Ocean to the Atlantic 

Ocean. The states where you can see it are Oregon, 

Idaho, Wyoming, Nebraska, Kansas, Missouri, 

Illinois, Kentucky, Tennessee, Georgia, North 

Carolina, and South Carolina, plus tiny bits of 

Montana and Iowa. Even if you do not live in one 

of these states, you can probably reach the path of 

totality within a drive of a day or two.

August is a wonderful time of year for an eclipse. 

Perhaps you can visit a relative or friend living in or 

near the path of totality. Or, bring a tent and 

sleeping bags, as many communities inside the path 

of totality are organizing campgrounds in open 

fields for the many visitors expected on eclipse day.

MAKE EVERY EFFORT TO SEE…
the Great American Eclipse. It will change your 

perspective of our place in the universe. And it 

might spark an interest in you to study the many 

mysteries of our Sun and solar system.

Don’t miss it. It is truly the sight of a lifetime!

Geographer Michael Zeiler, author of Modeling Our World 
and See the Great American Eclipse of August 21, 2017, has 
seen eight total solar eclipses and plans to observe the 2017 eclipse 
from Wyoming.
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ARTICLE: The What and Why
Magazine pages 4 - 8, Expository Nonfiction     

SPEAKING AND LISTENING

Conduct an Interview  Locate someone who has witnessed a solar eclipse (full or 

partial) and interview them about the experience  Be sure to include their emotional 

responses as well as the physical details of the setting  Tape your interview   

CLOSE READING AND TEXT ANALYSIS

Key Ideas

• When is viewing an eclipse dangerous? Cite examples from the text  What 

would happen if you didn’t follow the safety rules? CCSS Reading 1

• What is the main theme of the text? How does the author establish and 

elaborate the theme?  CCSS Reading 2

• Analyze the phases in a solar eclipse  Create a chart listing the name of each 

contact, what it looks like, whether you can view it directly, and the name 

associated with the visual effects  (See chart on page 19 )  CCSS Reading 3

Craft and Structure

• Analyze Text Features  How does each subtitle relate to the text that follows 

it? What is the purpose of the subtitles?  CCSS Reading 5

• Interpret Visual Information  Which images model information presented in 

the text? Cite the paragraph that each image helps to illustrate and explain 

the model in your own words   CCSS Reading 7

PREPARE TO READ

Show off your sunglasses  Explain that they aren’t just a fashion piece  They 

protect your eyes from harmful radiation  Then explain that the sun’s radiation 

can be harmful to more than just your eyes, but your eyes must be protected 

while watching an eclipse  

ESSENTIAL 
QUESTION
How has studying the 
sun impacted human 
development? 

KEY VOCABULARY
dramatic (p. 5)  greatly affecting 

people’s emotions

inject (p. 8)  to add (something) 

to something

silhouette (p. 5) a dark shape in 

front of a light background

English Language Arts  Look for other 

words in English that have “chromos” 

as part of their construction  What 

does each word mean?

CROSS-CURRICULAR
EXTENSION

CONCEPT
Social Studies  Historical events 
such as eclipses are an example of 
historical continuity 

CORE CONTENT

A solar eclipse forms when the moon comes between the 

sun and Earth  The eclipse contains four contact points, 

but totality may not be visible everywhere  In fact it is rare  

Space weather and lunar eclipses also impact us 
Le
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by Deborah Pasachoffby Deborah Pasachoff

The  
What  
and  
Why

Partial eclipse 
in a cloudy sky

Wow! That was fast! It’s 
night again! Time for my 

echolocation—that’s my special 

skill to see in the dark! Just 

have to send out high-pitched 

sounds that will reflect off 
objects and let me know  
what’s what and where.

The  
What  
and  
Why

The Facts about TSEs
While the Sun is approximately 400 times larger 

than the Moon, the Moon is approximately 400 

times closer to the Earth than the Sun. As a result, 

the Sun and Moon appear to be the same size. So, 

when the Moon falls directly in the line of view 

between the Earth and the Sun, a solar eclipse 

occurs, and the Moon casts a shadow, known as 

the umbra, on the Earth. 

When the Moon appears slightly larger than the 

Sun, it can block out the everyday Sun. Thus, when 

the Moon goes centrally across the Sun, we have a 

total solar eclipse (TSE). This event is the most 

dramatic form of an eclipse. At the moment the 

Moon first seems to touch, or “kiss,” the Sun, we 

have first contact. For the next hour or more, the 

lunar silhouette passes over the solar disk. The 

second contact occurs when the Moon appears 

entirely within the solar disk.  

Between the first and second contacts, part of 

the Sun is visible, but it is too 

bright to look at safely with your 

eyes, so you must use a special 

filter or a pinhole camera (see 

page 27). As the second contact 

occurs, a few beads of everyday 

sunlight peek through valleys 

aligned on the edge of the Moon, 

and we have “Baily’s beads.” The 

last Baily’s bead is so bright with 

respect to everything else in that 

part of the sky that it looks like a 

diamond on a ring (see page 6), 

with the band of the ring 

becoming a whitish circle—the 

solar corona. After this 

“diamond-ring effect,” we have 

totality (a total eclipse) that lasts 

from seconds to about seven 

The sky begins to 

darken noticeably, 

even though it is 

daytime. The air cools, and a 

breeze picks up. Confused birds 

start heading back to their 

nests. Shadows start to become 

eerily sharp, and crescents of 

light can be seen in the 

shadows of trees. These are just 

some of the signs you may 

notice during a solar eclipse.

Giant streamers 
extend millions of 
miles into space 
around the everyday 
surface of the Sun, 
which is almost 
exactly hidden here 
by the dark 
silhouette of the 
Moon in this total 
eclipse.  The image 
we see is actually a 
highly processed 
composite of dozens 
of individual images 
in order to show the 
shape of the coronal 
streamers.

5



6 Dig: What’s Up with Eclipses? © January 2017

ARTICLE: The Saros Cycle
Magazine pages 10 - 11, Expository Nonfiction     

WRITING 

Research and Write an Essay  Research the Babylonians and write an essay about 

their accomplishments in astronomy  How does their knowledge of astronomy 

compare to our understanding of it today? 

CLOSE READING AND TEXT ANALYSIS

Key Ideas

• In your own words, restate the method for determining when an eclipse will 

occur   CCSS Reading 1

•  What is the main idea of each subsection of the article? How did you determine 

the main ideas?  CCSS Reading 2

• How is Edmond Halley introduced in the text and what contribution did he 

make to the science of predicting eclipses?  CCSS Reading 3

Craft and Structure

• Analyze Text Structure  What is the overall structure of this text? Why do 

you think the author used this structure? Could another structure work as 

effectively?  CCSS Reading 5

• Evaluate Evidence  What evidence supports the idea that the Chaldeans 

discovered the means of predicting eclipses? Cite details from the text to 

support your answer and decide if the evidence is sufficient   CCSS Reading 8

PREPARE TO READ

Show the students a class schedule, a train schedule, and a calendar  Ask what 

the items have in common  What are they used for and how do they help us? 

Lead into a discussion of why it may have been helpful for the Babylonians to 

be able to predict eclipses 

ESSENTIAL 
QUESTION
How has studying the 
sun impacted human 
development? 

KEY VOCABULARY
apply (p. 11) to use (an idea, 

method, law, etc ) in a particular 

situation

geometry (p. 10)  a branch of 

mathematics that deals with points, 

lines, angles, surfaces, and solids

speculate (p. 10)  to think about 

something and make guesses about it 

Math  Use the information in the 
article to calculate when the next 
eclipse will occur in each saros cycle 
mentioned  

CROSS-CURRICULAR
EXTENSION

CONCEPT

Social Studies  Historical events such 

as eclipses are an example of historical 

continuity 

CORE CONTENT

The saros cycle, named by Edmond Halley, is used to 

predict when eclipses will occur  It was first discovered by 

the Chaldeans  
Le
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Imagine not knowing that an eclipse 

was going to happen or even that one 

might occur. Then, without warning, 

the Sun disappears in the middle 

of the day! Such a sudden unexplained 

disappearance would certainly be terrifying. 

 A BABYLONIAN FIND 
As early as the sixth or seventh century B.C.E., 

Babylonian astronomers had determined a 

way to predict an eclipse’s occurrence. These 

astronomers were also the priests of the day 

and belonged to the Chaldean tribe, part of 

the ruling class at the time. One can 

speculate that the ability to predict, or 

seemingly control, the occurrence of one of 

these celestial events may have helped keep 

these people in power.

Based on historical records, the Chaldeans 

realized that after a period of approximately 

6,585.3211 days (or approximately 18 years, 11 

days, and 8 hours, depending on leap years), an 

eclipse would essentially “repeat” itself. The 

Chaldeans also determined that the Sun, the 

Earth, and the Moon returned to the same 

relative geometrical positions after an eclipse 

had occurred. 

The extra eight hours mean that by the time 

the cycle is complete, the next eclipse is taking 

place approximately one-third of the way 

around the Earth (8 hours is one-third of the 

24-hour day it takes for a complete rotation on 

the Earth’s axis). But, for the Chaldeans who 

basically observed all from the same geographic 

region, the cycle is actually closer to 54 years 

and one month before the same geometric 

eclipse would be visible from a given area. 

However, because of the relative sizes of the Sun, 

by Deborah Pasachoff

Saros 
Cycle

The

11

the Earth, and the Moon, lunar eclipses can be 

observed from a greater portion of the Earth than 

solar eclipses. So, it was only natural that the 

Chaldeans first applied the pattern they found to 

lunar eclipses. In time, it was found to apply to 

solar eclipses as well.

 ENTER EDMOND HALLEY
In 1691, Edmond Halley, who is best remembered 

for giving his name to Halley’s comet by 

analyzing its past appearances and predicting its 

return, gave this 18-plus-year eclipse cycle the 

name “saros.” The term can be traced back to an 

11th-century C.E. Byzantine manuscript. This 

document, known as the Suda, seems to explain 

that the word “saros” represented 222 lunar 

months to the Chaldeans. Halley’s interpretation 

and usage of the term are now thought to be 

incorrect, but the name of the saros cycle is still 

used today. Above are some of the eclipse 

paths of Saros 136.

Astronomers use the term “saros series” to 

refer to the related eclipses that occur once in 

each saros cycle. For example, the August 2017 

eclipse is part of the same saros series as the 

eclipse that occurred just a little more than 18 

years earlier, on August 11, 1999. It was visible 

primarily over the European continent. Known 

as Saros 145, this particular eclipse 

configuration will again be visible on September 

2, 2035. The astronomical geometry of a saros 

series is not precise, however, since the Moon 

drifts a little south-to-north or north-to-south 

each recurrence. As a result, a single saros series 

produces eclipses only for somewhere between 

1226 and 1550 years, or 69 to 87 eclipses. 

Astronomers can now predict when and where 

eclipses will be visible long into the future. 
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ARTICLE: Onsite in the 7th Century B C E 
Magazine pages 12 - 13, Expository Nonfiction     

SPEAKING AND LISTENING

Present a Monologue  Recall the class discussion as you prepared to read, and write 

a monologue presenting your account of viewing an eclipse  Present the monologue 

to the class  Use costumes and other visual aids where it makes sense  

CLOSE READING AND TEXT ANALYSIS

Key Ideas

• What does the title suggest will be the content of the article? Write your 

predictions and note whether you were correct as you read   CCSS Reading 1

•  Is the main idea that eclipses are awesome? Use details from the text to help 

you decide  Then write a paragraph explaining your conclusion   CCSS Reading 2

• How does the author differentiate facts we know about Archilochus from 

information that can’t be confirmed? Why is this important?  CCSS Reading 3 & 8

Craft and Structure

• Interpret Figurative Language  Look for examples of imagery in the text and 

write a few sentences explaining what each means and whether you feel it is 

effective   CCSS Reading 4

• Compare Texts  Compare the views of the author of the article and 

Archilochus  Cite their texts as part of your comparison   CCSS Reading 9

PREPARE TO READ

Have the students imagine they are in ancient times when an eclipse occurs  

What would they think is happening? How would they react? How would they 

feel as the eclipse ended? 

ESSENTIAL 
QUESTION
How has studying the 
sun impacted human 
development?

KEY VOCABULARY
disgrace (p. 12)  something that 

you are or should be ashamed of

generality (p. 12) a statement 

that is not specific or detailed

impression (p. 12)  the effect or 

influence that something or someone 

has on a person’s thoughts or feelings

prominence (p. 12)  the state 

of being important, well-known, or 

noticeable

English Language Arts  Write 
about an event you witnessed or 
participated in  

CROSS-CURRICULAR
EXTENSION

CONCEPT
Social Studies  People’s perspectives 
influence the information available in 
the sources they create   

CORE CONTENT

Archilochus wrote an eyewitness account of an eclipse 

during the 7th century  
Le
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T
he sight of pinkish prominences 

protruding around the Moon and the 

amoeba-like pearly light of the corona 

at a total eclipse of the Sun are 

unforgettable. This is true even for anyone who 

knows what to expect. What must it have been like 

to experience an eclipse in the days when the Sun 

and Moon were widely regarded as gods, and no 

one knew what caused an eclipse—or when to 

expect one?  

We can only imagine.
Actually, we can do more than imagine. An 

eyewitness account of at least one eclipse-watcher 

who wrote down his impressions of such an event 

has survived. The eclipse-watcher was a Greek 

named Archilochus, a poet and a soldier who lived 

in the seventh century B.C.E. “I am two things,” he 

says of himself, “a fighter who follows the Master 

of Battles, and one who understands the gift 

of the Muses’ love.”

In his poems, Archilochus tells us that 

he was born on Paros, one of the most 

beautiful of the Cyclades, a chain of islands 

dotting the Aegean Sea. Critias, the uncle 

of the fourth-century B.C.E. Greek 

philosopher Plato, wrote that Archilochus’ 

mother was a slave. Critias also said that 

Archilochus was immoral, violent, and 

guilty of the most disgraceful act a 

soldier can commit—throwing aside his 

shield during a pitched battle and then 

running away.

Yet, these details are 
all generalities. 
There is no evidence of when 

Archilochus was born or when he 

died, for instance. All that we know 

for certain is what he was doing on 

April 6, 648 B.C.E. That was the date 

by William Sheehan

In his poems, Archilochus tells us that 

he was born on Paros, one of the most 

beautiful of the Cyclades, a chain of islands 

dotting the Aegean Sea. Critias, the uncle 

of the fourth-century 

philosopher Plato, wrote that Archilochus’ 

mother was a slave. Critias also said that 

Archilochus was immoral, violent, and 

guilty of the most disgraceful act a 

soldier can commit—throwing aside his 

shield during a pitched battle and then 

running away.

Yet, these details are 
all generalities. 
There is no evidence of when 

Archilochus was born or when he 

died, for instance. All that we know 

Onsite in the 
7th Century

of a total eclipse of the Sun, whose track began in 

the Atlantic off the western coast of Africa, ran just 

south of the boot of Italy, crossed Greece and the 

Black Sea, and then reached up to Siberia (see map 

opposite that shows totality zone in the Aegean-

Black Sea area). Where exactly on the path of 

totality Archilochus was when he witnessed the 

eclipse is unclear, because, at that time, no one in 

Greece knew how to predict the timing of an 

eclipse. Thus, the event took Archilochus 

completely by surprise. 

Archilochus wrote about his experience.
Nothing in the world can surprise me now. Nothing

is impossible or too wonderful, for Zeus, father

of the Olympians, has turned midday into black night

by shielding light from the blossoming Sun,

and now dark terror hangs over mankind.

Anything can happen….

The words definitely offer us an insight into the 

life and times of Archilochus. Indeed, as we reach 

across time to the man who wrote them, we 

reflect that not only the Sun and Moon follow the 

same motions today that they did then, but so, 

too, does the human heart. Just as Archilochus 

felt surprise and awe, terror and exhilaration, on 

seeing the Sun appear unexpectedly blotted from 

the sky, those of us lucky enough to see a total 

solar eclipse today feel similar emotions. 

William Sheehan, author (with John Westfall) of Celestial 
Shadows, experienced his first total eclipse in Minneapolis when he was 
12 days old. He is planning to be in Wyoming for the 2017 eclipse.

In Greek mythology, the Muses were nine goddesses, all daughters of the king of gods, 
Zeus. They presided over song and poetry and the arts and sciences.

by shielding light from the blossoming Sun,

Onsite in the 
7th Century

13

Wow! Wish my  

ancestors had had  

these filters to  

watch eclipses!

Meet my friend! He 
is here to tell you all 

about pinhole cameras. 
To make your own, 
turn to page 27!
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ARTICLE: The Power of Prediction
Magazine pages 14 - 15, Expository Nonfiction     

WRITING 

Write a Play  Write a scene depicting any moment mentioned in the article  These 

include the excavation and the writing of the original document as well as the 

events the evidence suggests  Consider the time period you are writing about 

carefully  

CLOSE READING AND TEXT ANALYSIS

Key Ideas

• Use details in the text to draw conclusions about Mayan culture  Explain how 

each detail supports your conclusions   CCSS Reading 1

• Determine the main idea of each subsection of the article and then use them to 

write a summary  Include the main idea of the whole article   CCSS Reading 2

• What is the relationship between the Mayan religion and their scientific 

knowledge? How does the author establish that relationship?  CCSS Reading 3

Craft and Structure

• Determine Author’s Purpose  What is the purpose of the opening section of 

the article? Does it accomplish that purpose? Is it the same as the purpose of 

the rest of the article?  CCSS Reading 6

• Evaluate Evidence  What evidence supports the information in the opening 

paragraph? Is all of the information supported?  CCSS Reading 8

PREPARE TO READ

Explain that the ancient Maya could predict eclipses and have students 

complete the decoding activity that accompanies the text  

ESSENTIAL 
QUESTION
How has studying the 
sun impacted human 
development? 

KEY VOCABULARY
adornment (p. 15) something 

added to make a person or thing 

more attractive

codex (p. 15) a manuscript book, 

especially of Scripture, classics, or 

ancient annals

decipher (p. 15)  to find the 

meaning of (something that is difficult 

to read or understand)

Math  Learn the differences between 
number systems in bases two, 
ten, and twenty  Then practice 
computations using each system  

CROSS-CURRICULAR
EXTENSION

CONCEPT
Social Studies  People’s perspectives 
influence the information available in 
the sources they create  

CORE CONTENT

An ancient text discovered in 2011 contains the key to the 

Maya’s ability to predict eclipses, which helped the ruler 

retain power  
Le
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The POWER
of PREDICTION
T welve hundred years ago, 

in a dimly lit room of a 

suburban residence in 

Xultun, a now-ruined city deep in the 

rain forest of northern Guatemala, a 

Maya scribe sits in the lotus position. 

Pen in hand, he neatly inscribes the 

tiny black microtext ((see below along 

bottom of this page and page 15) on a 

recently stuccoed-over wall, partially 

covering the once dazzling red, blue, 

yellow, and green mural painting that 

highlights an episode in the career of a 

royal personage.

Prior to the 2011 excavation in 

Xultun, we knew nothing about 

where the Maya astronomers 

actually did the calculations that 

enabled them to predict eclipses. 

The text, which measures scarcely 

two inches high and 17 inches 

long and is centered a mere 

18 inches above the level of the 

floor, is helping to address this 

problem. It caught the attention 

14

The POWER
of PREDICTION

of archaeologist Bill Saturno and 

was later deciphered by renowned 

Maya scholar David Stuart, who 

drew the text shown below and on 

page 14. The text turned out to be a 

multiplication table of 177 days, or 

one semester, that totaled 162 lunar 

months arranged in 27 columns. 

The number 177 happens to be the 

centerpiece of the Eclipse Table 

(opposite) in the Dresden Codex, a 

Maya book written 600 years later.

Warning—Eclipse Coming!
The members of the school of 

astronomer-scribes who penned 

these ancient texts used the Xultun 

wall the way students might use a 

classroom whiteboard or tablet to 

calculate what would become the 

finished product—in this case, an 

eclipse-warning table that was 

designed to fit at the appropriate 

spot in a codex. We can imagine a 

pupil seated next to the scribe, 

ready to codify the magic eclipse 

numbers on bark paper. 

Recently, archaeologist 

Franco Rossi unearthed the 

remains of two high-status 

individuals beneath the floor of 

Structure 10K-2 at Xultun. Each 

wore decorative adornments—

round pendants and circular-hat 

ornaments. In design, they are 

exactly like the ones depicted in 

the mural scene, which shows 

three seated individuals flanking 

an even more heavily decorated 

person, who kneels before the 

king. Citing other evidence, Rossi 

believes the remains are those of 

the very individuals who wrote the 

text and then were buried beneath 

their workshop when they died.

Knowledge Is Power
Why would ancient Maya 

astronomers go to such efforts to 

predict eclipses? Knowledge is 

power, and the ability to peer 

around time’s corner to decode 

future events would have proven 

invaluable to any ruler. There is 

little doubt that the Maya sought 

to predict what would happen in 

the world above because of the 

influence it would have here 

below—astrology, pure and simple. 

The ruler was there to guarantee a 

perpetual universe that was alive 

with the sacred power of fertility in 

the earth and in humans—but 

only if the rituals of sacrifice in debt 

payment to the gods was made on 

time. The Dresden Eclipse table 

specifies precisely when the 

payments had to be made.

Anthony Aveni is the Russell Colgate 
Distinguished University Professor of 
Astronomy, Anthropology, and Native 
American Studies at Colgate University.

by Anthony Aveni
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MAYA MATH
Unlike our base-10, Maya math 
operated on a base-20 system, 
most likely because before 
writing people counted on 
their fingers and toes. In the 
Dresden Eclipse Table (section 
opposite), dots stand for one 
and bars for five. For example, 
the red and black numbers, at 
lower left (and in the black 
microtext) read, from bottom 
to top: 17 x 1 + 8 x 20 = 177 
days, the interval between 
eclipses.
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ARTICLE: Determination Wins
Magazine pages 16 - 17, Expository Nonfiction     

SPEAKING AND LISTENING

Give a Multimedia Presentation  Which is more important, science or politics? 

Why? Make a two-minute presentation to explain your opinion  Use any multimedia 

components you feel will help you express your point 

CLOSE READING AND TEXT ANALYSIS

Key Ideas

• Why was it important for the British to agree to the expedition? What do you 

think would have happened if the British hadn’t agreed? CCSS Reading 1

•  Make a list of the ways in which “determination wins” in this article   CCSS 

Reading 2

• What support does Samuel Williams need to accomplish his task? Write a 

paragraph explaining how his relationships with others helped him   CCSS 

Reading 3

Craft and Structure

• Evaluate Word Choice  The author names scientific instruments as well as 

some tools of the war  What is the effect of using these terms instead of more 

general terms, like boat?  CCSS Reading 4

• Interpret Visual Information  What information does the illustration provide? 

Does it add any details that aren’t in the text? Record them   CCSS Reading 7

PREPARE TO READ

Define determination  Have the students write journal entries about something 

they were determined to do and whether they succeeded or are still working 

toward the goal  

ESSENTIAL 
QUESTION
How has studying the 
sun impacted human 
development? 

KEY VOCABULARY
determination (p. 17) a quality 

that makes you continue trying to do 

or achieve something that is difficult

expedition (p. 17) a journey, 

especially by a group of people for a 

specific purpose 

Science  Learn how a quadrant works 
and practice using one to measure 
the altitude of celestial objects  

CROSS-CURRICULAR
EXTENSION

CONCEPT
Social Studies  Individuals can shape 
significant historical change  

CORE CONTENT

Samuel Williams, a professor at Harvard College, was the 

first to successfully make a scientific observation of a solar 

eclipse in North America  To do so, he had to be allowed 

passage into enemy territory in 1780  
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A 21st-century 
illustration of 
Samuel Williams 
observing the total 
solar eclipse of 1780
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ow do you make an important 

scientific observation in the middle 

of a war? This was exactly the 

problem that Samuel Williams, an astronomy 

professor at Harvard College in Massachusetts, 

faced in 1780. The war was the American 

Revolution, and the event he wanted to observe 

was a total solar eclipse on October 27, 1780. 

Before 1780, no one in North America had 

been able to observe a total solar eclipse with 

scientific instruments. The reasons were twofold: 

bad weather and inaccurate maps. It was 

difficult to be in the right spot at the right time 

with clear skies and no clouds. Williams, 

however, was determined to see a total solar 

eclipse—even if the location was in a war zone. 

To Maine We Go!
During the summer of 1780, Williams used 

astronomical data related to the Moon’s orbit in 

order to calculate the path that the Moon’s 

shadow would take. He noted that the best 

place to observe the solar eclipse would be 

Penobscot Bay in Maine. But there was a 

problem. The area was, at the time, controlled 

by the British Navy. In fact, a major battle had 

been fought there a year earlier, and the 

Americans had suffered a devastating loss.

Determination Wins!
Williams refused to give up. He won support 

from scholars in the American Academy of Arts 

and Sciences, and, more important, he 

succeeded in getting support from the new  

state of Massachusetts. The order was given  

to prepare the state’s row-galley, a 250-ton  

ship with four swivel guns, to transport the 

professor and his students to Maine. John 

Hancock, the famed signer of the Declaration  

of Independence, was now Speaker of the 

Massachusetts House of Representatives.  

He wrote to the British Commander in  

Maine, saying, “Although we are politically 

enemies, we must promote science over 

politics.” The British Commander agreed  

and granted Williams safe passage behind 

enemy lines.

A Discovery
In October 1780, Williams and his team set out 

for Isleboro, Maine, with telescopes, a good 

clock, a large quadrant, and several other 

instruments. These are on view today at 

Harvard University. Williams’s expedition is 

credited as the first solar eclipse expedition in 

North America. Williams even made a 

discovery while observing the phenomena. He 

was the first to note and record what have 

become known as “Baily’s beads”—dots of 

sunlight shining between mountains along the 

edge of the Moon (see also page 5).

Sara J. Schechner is a historian of astronomy and museum 
curator at Harvard University, where she oversees the Collection 
of Historical Scientific Instruments.

by Sara J. Schechner
illustrated by Brad Walker
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ARTICLE: Up and Away
Magazine pages 20 - 21, Expository Nonfiction     

WRITING 

Write a News Article  Research the history of hot air balloons and write a news 

article to explain how they were invented and how they have been used and 

adapted over time 

CLOSE READING AND TEXT ANALYSIS

Key Ideas

• What can you infer about Janssen’s character based on his actions? Cite textual 

evidence to support your inferences   CCSS Reading 1

•  Identify the main idea of the article  What is the relationship between the title 

and the main idea?  CCSS Reading 2

• How does the author introduce the spectroscope and elaborate on its use 

during eclipses? Write a paragraph explaining its importance in the study of 

eclipses   CCSS Reading 3

Craft and Structure

• Determine Author’s Purpose  Locate an opinion presented by the author  

What does this opinion suggest about the author’s purpose in writing this 

text?  CCSS Reading 6

• Evaluate Evidence  Refer to the opinion noted in the question above  What 

evidence supports this opinion? Is it sufficient?  CCSS Reading 8

PREPARE TO READ

Demonstrate the use of a spectroscope and make homemade spectroscopes  

ESSENTIAL 
QUESTION
How has studying the 
sun impacted human 
development? 

KEY VOCABULARY
enable (p. 21)  to make (someone 

or something) able to do or to be 

something

forgo (p. 21)  to give up the use or 

enjoyment of (something)

valiant (p. 21)  having or showing 

courage

Science  Learn the wavelengths of 
light produced by the elements in the 
sun and the colors that you’d see in 
the spectrogram of those elements  

CROSS-CURRICULAR
EXTENSION

CONCEPT
Social Studies  Individuals can shape 
significant historical change  

CORE CONTENT

Jules Janssen didn’t let any obstacles, except weather, get in the way 

of observing eclipses  His observations opened up a new field of solar 

studies  
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by Naomi Pasachoff

Up &
Away!

Observatories house astronomical telescopes and other scientific equipment to study celestial phenomena.

A spectroscope lets us find out what things are made of by taking light, splitting it up into its component 
colors, and viewing the result with our eyes.

Eclipse observers often face unexpected 

difficulties, sometimes on their way to 

their chosen sites and sometimes at a site 

itself. Among the more interesting 

challenges are those that tested 19th-century 

French astronomer Jules Janssen. 

Puzzled by Mysteries
Janssen was 35 years old when he turned his 

attention to the mysteries of the Sun. He had many 

questions. Among them were: What precisely was 

Earth’s star made of? and What caused it to give off 

certain rays? Janssen did much of his work from 

observatories using a spectroscope that he 

constructed. This device can determine what things 

are made of. It works by spreading out light into the 

rainbow of colors. Many spectroscopes make that 

rainbow by passing the light through a prism (see 

illustration opposite top). Since gases of different

elements make or take up different precise colors, 

studying the bright or dark lines we see in the 

spectroscope enables us to identify elements even as 

Nineteenth-century 
French astronomer 
Jules Janssen looks 
through the eyepiece 
of the largest telescope 
at Meudon Observatory 
near Paris.
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ARTICLE: Edison’s Eclipse Adventure
Magazine pages 22 - 26, Expository Nonfiction     

WRITING

Write an Argument  Are there benefits to failure? What role does failure play in the 

development of scientific knowledge? Write an argument presenting your position 

on these questions  Remember to include a discussion of any counterarguments in 

your argument  

CLOSE READING AND TEXT ANALYSIS

Key Ideas

• Why was Edison’s journey newsworthy? Use details from the text to support 

your answer   CCSS Reading 1

• What is the main theme of this text? Which details helped you identify the 

theme?  CCSS Reading 2

• Trace the development of the idea of Edison as a failure  Note any areas in 

which he failed and how the author presents responses to his failures   CCSS 

Reading 3

Craft and Structure

• Analyze Text Structure  How does each section help the author build the 

picture of Edison’s character? Use information in the text to support your 

answer   CCSS Reading 5

• Interpret Visual Information  Write one or two sentences to explain how each 

image illustrates the text and aids your understanding of it   CCSS Reading 7

PREPARE TO READ

Display images of many of Edison’s inventions  Explain what each invention is 

and how it is used today  Explain that all of them were developed by the same 

person, Thomas Edison, and that Edison also invented a device to measure the 

heat of the sun’s corona, but it failed 

ESSENTIAL 
QUESTION
How has studying the 
sun impacted human 
development? 

KEY VOCABULARY
faulty (p. 25)  having a mistake, 

fault, or weakness

muddle (p. 23)  to cause 

confusion in (someone or someone’s 

mind)

pioneering (p. 23)  using new 

and better ideas for the first time

substantiate (p. 25)  to prove 

the truth of (something)

English Language Arts  Locate 
newspaper articles from the time 
period and compare their accounts of 
the events 

CROSS-CURRICULAR
EXTENSION

CONCEPT
Social Studies  Individuals can shape 
significant historical change   

CORE CONTENT

Thomas Edison was asked to invent a tool that would 

measure the heat of the corona of the sun  He brought his 

tasimeter to an eclipse site, but it wasn’t up to the task  
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22 by Stella Cottam

Edison’s  
Eclipse  

Adventure

A solar eclipse, with 
streamers extending 
outward from the Sun’s 
equator and plumes 
extending outward 
from the solar poles, 
all held in place by 
the Sun’s magnetic 
field. This 19th-century 
color print is 
by French astronomer 
Etienne Trouvelot. Thomas Edison (1847–1931) is 

the best-known inventor in 

American history. Every time 

you turn on an electric light, 

you are using a modern version 

of his electric light bulb. Every 

time you listen to recorded 

music or watch a movie, you are benefiting from 

his pioneering work in recording sound and live 

action. Not many people, however, know about 

Edison’s less successful invention of the tasimeter 

or the role it played in an eclipse expedition to 

Rawlins, Wyoming Territory, in July 1878. 

INVENTOR IN THE MAKING 
Edison, the youngest of seven children, had only 

three months of formal education. When his 

mother, a former schoolteacher, overheard Thomas’s 

teacher accuse her son of muddled thinking, she 

pulled him out of school. He later said that her 

faith in his abilities and her nurturing of his 

curiosity were what formed him. 

As an adolescent, he went to work for a 

railway company, selling newspapers and 

snacks. While on the job, he was permitted to 

conduct scientific experiments in the baggage 

car until he caused a fire with his chemicals. 

Edison’s deafness has been attributed to 

his being beaten around the ears by the 

conductor who threw him off the train 

after the fire was discovered. 

THE TASIMETER 
When Edison turned 31 in early 1878, he was 

famous enough, thanks to his invention of 

the phonograph the previous year, for 

professor of astronomy Samuel Pierpont 

Langley to turn to him for assistance. 

Langley was in the middle of planning an 

expedition to Pikes Peak in Colorado to view the 

solar eclipse of July 29, 1878. He wanted to take an 

instrument that would be capable of measuring 

the heat of the solar corona, which, weather 

permitting, would be visible during totality. 

It is said that it took Edison as much time to 

name his instrument as it did to invent it. Of the 

14 names under consideration, he finally chose 

tasimeter, derived from the Greek words tasis 

(“extension”) and metron (“measure”). Edison said 

the device was intended to “measure extension of 

any kind.” 

Much to Langley’s disappointment, Edison 

never did respond to his requests to send the 

instrument to him. Langley had wanted to test it 

before leaving for Pikes Peak. What Langley did 

not know was that Edison had accepted an offer 

teacher accuse her son of muddled thinking, she 

pulled him out of school. He later said that her 

snacks. While on the job, he was permitted to 

conduct scientific experiments in the baggage 

car until he caused a fire with his chemicals. 

When Edison turned 31 in early 1878, he was 

23

This photograph of 
Thomas Edison 
dates to 1891.
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ARTICLE: Einstein’s Proof
Magazine pages 30 - 32, Expository Nonfiction     

WRITING 

Write a Poem  Imagine you are Erwin Finlay-Freundlich and write a poem 

expressing your frustration at not being able to test Einstein’s theory yourself  Use 

details from the text and figurative language  

CLOSE READING AND TEXT ANALYSIS

Key Ideas

• Complete the L section of the KWL chart you began as you prepared to read   

CCSS Reading 1

•  What is the main idea of the article? What is the main theme? Write a 

paragraph explaining how the two are related in the text   CCSS Reading 2

• Outline the key elements of the experiment done to determine if Einstein’s 

theory was correct  Use the steps in the scientific method to help you   CCSS 

Reading 3

Craft and Structure

• Analyze Text Features  How do the section titles affect the reader? How do 

they add to the development of the ideas in the text?  CCSS Reading 5

• Compare Texts  Compare the text in the accompanying diagram on page 

32 with the account in the main article  How does each present similar 

information? Which is most effective?  CCSS Reading 9

PREPARE TO READ

Complete the K and W sections of a KWL chart about Albert Einstein with 

the class  

ESSENTIAL 
QUESTION
How has studying the 
sun impacted human 
development? 

KEY VOCABULARY
dash (p. 31) to destroy or ruin 

(something, such as a hope or an 

expectation)

spacetime (p. 30) a system 

of one temporal and three spatial 

coordinates by which any physical 

object or event can be located 

theory (p. 30)  an idea or set of 

ideas that is intended to explain facts 

or events

Math  Practice using the equation 
E=mc2  

CROSS-CURRICULAR
EXTENSION

CONCEPT
Social Studies  Historical events 
such as discoveries are an example of 
historical change  

CORE CONTENT

Einstein’s Theory of Relativity predicted that the sun’s 

gravitational field bent light coming from other stars  This 

theory was tested during the eclipse of May 29, 1919 by 

comparing photographic plates of stars taken during the 

eclipse with those taken at other times  It proved accurate  
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Who is the most famous 

scientist of all time? The 

answers may vary, but sure 

to be on most lists is Albert 

Einstein. In 1905, Einstein 

made a splash in the world of theoretical 

physics, when he published four papers that 

changed scientists’ views of space, time, mass, 

and energy. The most notable of these focused on 

his special theory of relativity. This paper 

explained that matter can change into energy 

and included what is probably the best-known 

equation of all time: E = mc2. That is to say: The 

energy (E) into which a given amount of matter 

(m) can change equals the mass of that matter 

multiplied by the speed of light (c) squared (2). 

A Theory Develops
The paper also introduced the concept of space-

time and explained how the two are related. This 

theory was called “special” because it did not 

include any effects of gravity. Einstein spent the 

next 10 years incorporating the effects of gravity 

into his concept. The resulting general theory of 

relativity now forms the basis of our 

understanding of gravity. 

Even before Einstein had determined the 

mathematics for his general theory, he predicted 

that the Sun’s gravity would bend light. In 1911, he 

suggested a method astronomers could use to test 

his prediction. At the time of the dark sky during 

totality of a solar eclipse, he said, they could 

Theoretical physics uses mathematics to describe certain 
aspects of nature.P
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Germany declared war on Russia— 

the start of what would eventually be called  

World War I. The Russians not only confiscated 

Freundlich’s equipment, but they also arrested him 

and his team. 

Freundlich and his team were later released in a 

prisoner exchange, and plans were made to travel 

to the eclipse of May 29, 1919. Once again 

Freundlich’s hopes were dashed, as his equipment 

did not arrive back in Germany until 1923. Yet, 

31
Theoretical physics uses mathematics to describe certain 
aspects of nature.

At the time, photographers captured their images on photographic plates, with the light-sensitive 
chemicals coated on glass. Later, bendable film was often used for the chemicals’ backing.

photograph stars in the Sun’s vicinity and measure 

the locations of the stars in the sky. They should 

then wait a few months, during which time Earth 

would proceed in its orbit around the Sun, before 

photographing those stars again at night. 

If the theory held true, Einstein maintained, the 

stars would appear a little bit farther from the Sun 

during the eclipse because, as the starlight makes its 

way toward Earth, it bends slightly toward the Sun 

(see diagram below). When we look toward the sky, 

we assume that the light from the stars comes 

straight to us. For this reason, they look a bit farther 

out from the Sun’s edge than they actually are.

Right or Wrong?
The first astronomer to try to test Einstein’s  

theory about the bending of light was Erwin 

Finlay-Freundlich, an observer at Germany’s 

Berlin Observatory. At Einstein’s suggestion, 

Freundlich wrote several astronomers to see if they 

had photographic plates taken of previous 

eclipses with images of stars that he could 

remeasure. Because the star images on the plates 

he received were too blurry to be useful, 

Freundlich decided to take his own photographs. 

He planned to do so at the solar eclipse that 

would be visible from Russia on August 

21, 1914. 

In mid-July, Freundlich  

and his team set off from 

Berlin. Just days later,  

on August 1, 1914, 

Albert Einstein, lecturing 

in Vienna in 1921
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ARTICLE: Planning an Expedition
Magazine pages 33 - 35, Narrative Nonfiction     

WRITING 

Write a Proposal  Pretend you’re planning a trip to the 2017 eclipse  Create a 

proposal for your travels  Include the equipment you’ll bring, your packing list, and 

the scientific purpose of your expedition  Create fictional credentials for yourself  

Remember that you’ll need to win a grant in order to fund your expedition  

CLOSE READING AND TEXT ANALYSIS

Key Ideas

• Why is it important to plan an expedition to an eclipse far in advance? Use 

details from the text to support your answer   CCSS Reading 1

•  Identify the main idea of each section and determine how it supports the 

overall main idea of the article   CCSS Reading 2

• What is the relationship between the scientist and the scientific community? 

How does the author present this relationship?  CCSS Reading 3

Craft and Structure

• Analyze Point of View  The author addresses the reader  What does this 

suggest about the author’s perspective? How does this influence what you 

learned from the text? Would another style be effective?  CCSS Reading 6

• Interpret Visual Information  The article contains a map, photographs, and 

a diagram  How does each image relate to the text? Why might all three 

formats have been chosen to illustrate the article?  CCSS Reading 7

PREPARE TO READ

Ask the students to imagine they are going to view an upcoming solar eclipse  

What would they bring? How would they get to the location? How would they 

fund the trip? Point out how the eclipse’s location on Earth and the season 

during which it occurs might impact their planning  

ESSENTIAL 
QUESTION
How has studying the 
sun impacted human 
development? 

KEY VOCABULARY
contrast (p. 35) the difference 

between the dark and light parts of a 

painting or photograph

credential (p. 34) a quality, skill, 

or experience that makes a person 

suited to do a job

marauding (p. 33) traveling from 

place to place to attack others

resolution (p. 35) the ability of a 

device to show an image clearly and 

with a lot of detail

Health  Research what humans need 
to do to survive in cold climates  
What temperature is too low and 
why? What fabrics are best to wear 
in the cold? In what other ways have 
humans adapted to cold climates?

CROSS-CURRICULAR
EXTENSION

CONCEPT
Social Studies  Individuals can shape 
significant historical change  

CORE CONTENT

It takes a lot of planning to carry out an expedition to view a solar 

eclipse  You’ll need to get funding, scope out the local area, and plan 

for transportation for you and your equipment  Afterwards, you’ll have 

to review your data and possibly publish your findings  
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L et’s start by talking about our most recent expeditions to total solar 

eclipses, which occur about every year and a half somewhere in  

the world. 

A Look Back
In 2013, the eclipse crossed over the middle of Africa. I took my team to Gabon, 

where the path of totality was longest on dry land. One of my former students had 

done some of her doctoral research in Gabon, so she went there a year in advance 

to check things out; usually, I go myself a year or more in advance. Because the 

path of totality would be an hour’s drive south of The Lodge in La Lope National 

Park, where we were staying, we needed vehicles brought down from Freetown, 

Gabon’s capital. We also had to find a site free of marauding elephants! We 

wound up in a small town, Mkongo II. In our group were scientists, students, and 

a few tourists. With us were telescopes and cameras, as well as tripods to set them 

up on sturdy bases.In 2015, the only land crossed by 
totality’s centerline was Svalbard, a 
Norwegian archipelago at latitude 78°, 
not that far from the North Pole (see 
photos on page 34 top). This time, we 
worried about polar bears—yes, people 
really had to carry rifles if they went 
more than a mile out of the town. We 
also had to worry about the cold. 
Camera batteries went dead, and 

by Jay M. Pasachoff

Planning an Expedition

33

A signpost on Svalbard showing how far we were from most anywhere else.
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CROSS-TEXT CONNECTIONS

COMPARING TEXTS

SYNTHESIZE: Guide students to compare articles they read  Help students find the 
connections between pieces of information in multiple articles  Use prompts, such as the 
following examples, to have students work together to Integrate Ideas and Information 
(CCSS.Reading.9) 

•  Make a timeline showing the scientific and archaeological discoveries related to 
eclipses that are mentioned in this issue 

• Refer to a variety of articles to learn about difficulties that had to be overcome to 
observe an eclipse  List them  Decide which observer showed the most determination 
and write a paragraph to support your opinion 

• Use information from “The Saros Cycle,” “The Power of Prediction,” and “Einstein’s 
Proof” to write an essay about how mathematics has been used to explore scientific 
phenomena 

• Read many articles to learn about the technology that has been used to observe 
solar eclipses  Make a chart showing what each item does  (See Eclipse Technology 
chart on page 20 )

•  Compare the descriptions of the experience of viewing an eclipse found in many of 
the articles  Do all of the authors agree? How do they differ?

• Describe the sun as it appears during an eclipse  Include all phases  Use images 
that accompany “The What and Why,” “Determination Wins,” and “Edison’s Eclipse 
Adventure” as well as details from the text to help you 

•  Why are precautions necessary when viewing an eclipse? Cite warnings in a number 
of articles to help you formulate your answer 

Dig: What’s Up with Eclipses? © January 2017
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This issue takes place at the intersection between science and history  In this Mini-Unit, 
students will explore that intersection by creating newspaper-style cartoons about 
events depicted in the issue  They will also discuss how real events can be mined for 
humor  But first, they will look more closely at that intersection as it relates to studying 
the sun 

EXPLORATORY LEARNING - FLEXIBLE MINI-UNIT DESIGN

MINI-UNIT

ENGAGE READ FOR A 
PURPOSE APPLY

ENGAGE: Engage students in the topic of eclipses by asking students to consider how 
studying the sun has impacted human development  Show the students the images 
below and explain what each is   Explain how each is related to studies of the sun and 
describe how it was used and who invented it  Guide students as they consider the 
impact each had on humanity 

Dig: What’s Up with Eclipses? © January 2017
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MINI-UNIT (cont )

READ FOR A PURPOSE

INTRODUCE THE ACTIVITY: Eclipse Funnies Share samples of cartoons that depict 
real life experiences with humor  These could be political cartoons or strips that run 
in your local paper  Discuss what makes each funny  Often it’s an element of the 
unexpected or a twist on the emotion  Exaggeration can also be funny  Some authors 
use puns or other wordplay  Some use parody  It will help students more if the cartoons 
you’ve selected show a variety of means of creating humor  Consider opening the 
discussion of what makes something funny to include other formats for humor, such as 
sitcoms and stand up   

Tell students that they will be creating their own cartoons based on events depicted in 
Dig: What’s Up with Eclipses? Remind them that there can be a fine line between mean 
and funny  Set limits about the use of stereotypes and anything else that is against your 
school’s conduct code  Also set a minimum and maximum number of frames that you’ll 
accept for the assignment  It may be helpful to revisit this with each student as they 
begin the planning phase in order to see what will work best for the arc of their piece  

Introduce terminology appropriate to cartooning to facilitate discussions and remind 
them to keep this issue’s essential question in mind  

RETURN TO THE TEXT: Explain to students that before they can work on their 
cartoons they must gather information that will help keep their work grounded in 
reality  Instruct the students to read the entire issue  They should take notes on any 
thoughts or ideas that come to them as they read  Answering the questions on the 
article pages in this teacher’s guide might help  Their goal is to come up with a way 
to find humor in the facts like the artists who created the cartoons you shared  Inform 
the students that they will have to explain how their piece relates to the facts and what 
they did to create the humor  They’ll do this by writing a paragraph that only you will 
see, so they don’t ruin the joke for everyone 

Dig: What’s Up with Eclipses? © January 2017
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MINI-UNIT (cont )

APPLY: ECLIPSE FUNNIES

STEP 1: Plan  
Have students work with partners to brainstorm ideas  They can use their notes and run 
ideas by each other until each has settled on a topic  Students can use the Toon Planner 
on the next page to sketch their potential ideas  Remind them to focus on this issue’s 
essential question and to include text as well as images  Give them as many copies of the 
planner as they need to come up with a functional design   
 

STEP 2: Rough Draft   
Once students have finalized their rough designs, give them paper or time on a 
computer to create a complete draft   Students who cannot draw may use clip art 
images or a web-based cartoon program like ToonDooSpaces  Verify that the program is 
appropriate for your students and setting before allowing them to use it  
 
Go over rough drafts with each student  
 
STEP 3: Final Copy 
Have students revise and create a final copy  Allow the students to add color to any 
cartoons that were hand drawn     
 
 
 
 
 
 
 
 
 
STEP 4: Paragraph 
Students complete the paragraph, revise on their own, and turn it in  

STEP 5: Publish 
Post the final cartoons to a bulletin board or create your own newspaper-style comics 
section 

Look for:

Story arc

Use of humor

Grammar and spelling

Accuracy

Layout and design

Relationship to EQ

Dig: What’s Up with Eclipses? © January 2017
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TOON PLANNER

MINI-UNIT (cont )

Dig: What’s Up with Eclipses? © January 2017
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NAME: _________________________

ECLIPSE PHASES

Name Description Viewing Other Names
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NAME: _________________________

ECLIPSE TECHNOLOGY

Item Description
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Meeting State and National Standards:  
   Core Instructional Concepts

Appendix

The articles in this magazine provide a wealth of opportunities for meeting state and national 
instructional standards  The following pages contain charts listing Core Instructional Concepts 
for each of three curricular areas: English Language Arts, Science, and Social Studies  

USING THE STANDARDS CHARTS

ELA  
Corresponding CCSS anchor standards have been listed next to each item on the Core 
Instructional Concepts chart  To customize the chart, add your own grade, state, or district 
standards in the last column  Match the concepts and standards from the chart to the 
activities on each page of the Teacher’s Guide to complete your lesson plans 
 

SOCIAL STUDIES  
Content Concepts in each Article Guide are based on Dimension 2 of the CS Framework 
for Social Studies: Applying Disciplinary Concepts and Tools  Use the last column in the 
accompanying chart to correlate these concepts to your state or district standards 
 

SCIENCE  
Content Concepts in each Article Guide are drawn from the Three Dimensions of the Next 
Generation Science Standards  You will also find connections to these concepts within 
individual close-reading questions 
 

MATH  
Content Opportunities for math activities are provided in the Cross-Curricular extensions on 
each Article Guide page 
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   CORE INSTRUCTIONAL CONCEPTS:  
READING, LITERATURE, AND LANGUAGE ARTS

SKILLS AND CONCEPTS CCSS ANCHOR 
STANDARD

CORRESPONDING 
STANDARD

KEY IDEAS AND DETAILS 

Read closely to determine what a text says explicitly. Reading 1

Make logical inferences to determine what the text communicates 

implicitly 
Reading 1

Cite specific textual evidence to support conclusions drawn from the 

text  
Reading 1

Determine central ideas or themes of a text and analyze their 

development 
Reading 2

Summarize key supporting details and ideas. Reading 2

Analyze how individuals, events, and ideas develop and interact over 

the course of a text  
Reading 3

CRAFT AND STRUCTURE  

Interpret words and phrases as they are used in a text Reading 4

Determine technical, connotative, and figurative meanings. Reading 4

Analyze how specific word choices shape meaning or tone Reading 4

Analyze the structure of texts (sequence, cause/effect, compare/

contrast, problem/solution)
Reading 5

Recognize the genre, key elements, and characteristics of literary texts Reading 5

Assess how point of view or purpose shapes the content and style of a 

text  
Reading 6

Analyze how an author’s style and tone affects meaning Reading 6

INTEGRATION OF KNOWLEDGE AND IDEAS

Integrate and evaluate content presented in diverse media and formats  Reading 7

Identify and evaluate the argument and claims in a text Reading 8

Analyze how two or more texts address similar themes or topics. Reading 9

WRITING
Write arguments to support claims, using valid reasoning and relevant 

and sufficient evidence  
Writing 1

Write informative/explanatory texts to examine and convey complex 

ideas and information clearly and accurately 
Writing 2

Write narratives to develop real or imagined experiences or events Writing 3

Draw evidence from literary or informational texts to support analysis, 

reflection, and research 
Writing 9

Conduct short as well as more sustained research projects. Writing 10



23 Dig: What’s Up with Eclipses? © January 2017

CORE INSTRUCTIONAL CONCEPTS:  
SOCIAL STUDIES

C3 INQUIRY ARC 
DIMENSION 2: APPLYING DISCIPLINARY CONCEPTS AND TOOLS

STATE OR 
DISTRICT 
STANDARD

CIVICS
Analyze the origins, functions, and structure of different governments and the origins and 

purposes of laws and key constitutional provisions 

Summarize core civic virtues and democratic principles.

Evaluate policies intended to address social issues 

ECONOMICS

Evaluate the benefits and costs of individual economic choices.

Analyze economic incentives, including those that cause people and businesses to specialize 

and trade 

Explain the importance of resources (i e  labor, human capital, physical capital, natural 

resources) in methods of economic production.

Explain the functions of money in a market economy 

Explain the importance of competition in a market economy 

Apply economic concepts (i e  interest rate, inflation, supply and demand) and theories of how 

individual and government actions affect the production of goods and services.

Analyze economic patterns, including activity and interactions between and within nations 

GEOGRAPHY
Construct and use maps and other graphic representations (i e  images, photographs, etc ) of 

different places 

Explain cultural influences on the way people live and modify and adapt to their environments 

Analyze places, including their physical, cultural and environmental characteristics and how 

they change over time 

Analyze movement of people, goods, and ideas.

Analyze regions, including how they relate to one another and the world as a whole from a 

political, economic, historical, and geographic perspective 

HISTORY
Interpret historical context to understand relationships among historical events or 

developments. 

Evaluate historical events and developments to identify them as examples of historical change 

and/or continuity.

Analyze perspectives, including factors that influence why and how individuals and groups 

develop different ones 

Evaluate historical sources, including their reliability, relevancy, utility, and limitations 

Analyze causes and effects, both intended and unintended, of historical developments 
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CORE INSTRUCTIONAL CONCEPTS:  
SCIENCE

DIMENSION 2: CROSSCUTTING CONCEPTS

Dimension 2 provides an organizational schema for integrating and interrelating knowledge from different science 

domains  The eight NGSS Crosscutting Concepts are as follows:

• Patterns

• Similarity and Diversity

• Cause and Effect

• Scale, Proportion, and Quantity

• Systems and System Models

• Energy and Matter

• Structure and Function

• Stability and Change

DIMENSION 3: DIMENSIONS AND DISCIPLINARY CORE IDEAS

Dimension 3 presents a contained set of Disciplinary Core Ideas to support deeper understanding and application of 

content  The following chart details Core Ideas for curriculum, instructional content, and assessments within four domains 

LIFE SCIENCE PHYSICAL SCIENCE EARTH SCIENCE SPACE SYSTEMS
• Structure and  

Function of  
Living Things

• Life Cycles and  
Stages

• Reproduction & 
Inherited Traits

• Animals

• Plants

• Forces and  
Interactions

• Energy

• Light

• Sound

• Electricity/  
Magnetism

• Matter

• Waves

• Heat

• Chemistry

• Information  
Processing

• Weather

• Climate

• Rocks & Soil

• Erosion and 
Weathering

• Landforms

• Water

• Oceans

• History of Earth

• Plate Tectonics

• Volcanoes, 
Earthquakes,  
and Tsunamis

• Solar System

• Planets

• Moon

• Sun

DIMENSION 1: SCIENTIFIC AND ENGINEERING PRACTICES

Dimension 1 focuses on the practice of science, and how knowledge is continually adapted based on new findings  

The eight practices of the K-12 Science and Engineering Curriculum are as follows:

• Asking questions (for science) and defining 

problems (for engineering)

• Developing and using models

• Planning and carrying out investigations

• Analyzing and interpreting data

• Using mathematics and computational thinking

• Constructing explanations (for science) and designing 

solutions (for engineering)

• Engaging in argument from evidence

• Obtaining, evaluating, and communicating information


