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PREFACE

When people ask me how I first came to write ECLIPSE, I tell them it’s a classic case of “I couldn’t find 

a good book on the subject so I wrote one.” In the late seventies I had the idea of organizing a reunion of 

some college classmates, and when I learned that a total solar eclipse was going to be visible in the Pacific 

Northwest on Feb. 26, 1979, I knew we all had to be there to celebrate this cosmic spectacle.

I started researching eclipses, and all of the books I found were either sorely outdated or far too techni-

cal. There was no popular treatment of the subject. So, as a fledgling writer, I wrote my first book, and 

published it several months before the event. I gave numerous press interviews and media appearances, 

and discovered how much I enjoyed helping people prepare for this “once-in-a-lifetime” experience.

I was fortunate to be at a viewing site on a hill in southern Washington where the winter clouds 

parted just before totality, and blessed us with a beautiful view of the corona. It was an awesome sight. 

It was an unforgettable experience. And it was over in just a matter of minutes. “Wow,” I thought, “I 

want to see that again!” And I have, three times since then: Brazil (1994), the Caribbean (1998), and 

Germany (1999). Alas, I was clouded out in Hawaii (1991), for which I had issued the Second Edition 

of ECLIPSE.

Now in 2017 – as America prepares for its first coast-to-coast total solar eclipse in 99 years – I am 

especially excited to share my enthusiasm about the August 21, 2017 event. The vision of the Sun’s 

corona is like nothing else in its ability to inspire a sense of awe. And in this edition of the book, 

I write about the new “science of awe” and how researchers are finding surprising benefits of this 

once-neglected emotion. (See “The Experience of Awe” at the end of Chapter 3.)

Throughout the years, so many people – too numerous to mention (or remember!) – have helped me 

with this book. I am especially grateful to the late Frank Herbert, who graciously wrote the Foreword 

to the First Edition. For this Third Edition, I would like to thank the following folks: Marc Williams, 

for his support and belief in this project; Fred Espenak, for his dedication to providing eclipse data 

to the world, and excellent photos for this book; Woody Sullivan, for his friendship and wise coun-

sel; the design and production team (Greg, Adrienne, Michelle, Samantha, Michael, and others) for 

putting up with me as we have shepherded this book through to completion; Dennis Schatz, for his 

encouragement and review; and my sweetheart Diana Wiley, for her steadfast love, affection, and 

belief in me. 

Bryan Brewer 

Seattle, Washington 

April 2017
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FORE WOR D

The starry heavens are as much yours to enjoy as they are an astronomer’s, which is a basic message of 

this informative book by Bryan Brewer. When we look outward with awe and wonder at the marvels 

awaiting us in an unlimited universe, it is well to recall what he tells us here about the roots of our 

ancient fascination with the sky. Even if you are someone merely making a wish upon the vision of a 

bit of cosmic rock burning itself out in earth’s atmosphere, you are in tune with that unbroken past.

Eclipses, those positive markers of our relative movement through the void, make a superb focal 

point for our outward vision. There is a direct line between Alan Shepard driving a golf ball across 

the Moon’s surface and the Celtic stonemasons whose stellar observatory still stands on the Salisbury 

plain. From Stonehenge to that first landing on the Moon, the human statement is plain to read: 

If it moves, we want to know how and why.

When you stand in the shadow of those bluestone menhirs at Stonehenge to mark the moment of the 

summer solstice, it is not difficult to feel an affinity with those early astronomers. The archaeological 

evidence that this carefully arranged series of stone circles was also used to predict eclipses appears 

to be conclusive. They accomplished much with little beyond their own muscles and intellectual 

inspiration.

That is likely to be the view distant future generations will take when they consider today’s 

accomplishments. We are always primitives where our own far-off descendants are concerned.

Let the computer-written ephemeris tell you then where and when the next eclipse will occur; that 

prediction is not different in kind from what the Celtic astronomers told their people.

It is, however, different in quality. It is doubtful that you will perform some esoteric ritual to force the 

dragon (or snake or worm) to disgorge the Sun.

Mysteries remain, though, and we remake our mythology with increasing frequency, partly because 

we are still creatures of this planet and caught by a racial compulsion to penetrate beyond the regions 

that we have already mapped.

I like to think of Bryan Brewer’s book as a map of the influences and rhythms contained in 

eclipses. It is well to remember that more than half the Earth’s human population still uses astrology 

as a guide in the making of decisions. There is a possibility that a kernel of truth remains at the core 

of this ancient belief. We are Earth creatures. It would be remarkable if the rhythms that influence 

this planet where we evolved produced no effects on our flesh comparable to the influences upon our 

religions and philosophies. When we look at the heavens, we look at a cosmic clock that has marked 

every evolutionary development upon this mundane surface. That clock is still ticking, as the eclipse 

reminds us.

Frank Herbert, author of Dune
(1920-1986)

Port Townsend, Washington

October 1978
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It’s Monday morning, August 21, 2017 — the day of the eclipse. You got up early to check the 

weather, and were glad to see a forecast for clear skies. You have been planning for this event for 

many months, and now the day has arrived. As you pause to gauge the anticipation of your friends 

and family who have gathered with you, you start to wonder if all the hype about the eclipse has been 

overblown. Just as you’re asking yourself, “Is it all worth it?”, you hear a shout of excitement.

“First contact! The eclipse has begun.”

You rush over to where the eclipse viewer has been set up. People are looking at the image of the Sun 

projected onto a white surface. And sure enough, there on one side of the bright disk, a tiny bit of the 

Sun has been covered up. You also watch the Sun through your special “eclipse glasses” made with 

optical grade filter material. The Moon, slowly moving across the sky, is gradually blocking out more 

and more of the face of the Sun.

The timing of the eclipse was perfect, beginning within several seconds of the exact moment predict-

ed for this location. Your group selected this site in central Oregon months ago. You wanted a place 

that is both near the center of the eclipse path (for maximum duration of totality) and has the best 

chances for clear skies. There hasn’t been a total solar eclipse visible from the United States (except 

Hawaii and Alaska) for the last 38 years. And now, in a little less than an hour, all your plans and 

expectations will come to a climax in this once-in-a-lifetime event.

The feeling of excitement in the air begins to grow. Every few minutes you check the progress of the 

Moon inching across the image of the Sun. The Sun appears as a smaller and smaller crescent of light.

 Above: EYE SAFETY 

is critical. Don’t look 

at the partial phases 

of the eclipse without 

approved eye protection, 

such as the commercially 

manufactured eclipse 

glasses shown above. 

During the brief 

moments of totality, 

however, it’s OK to 

look directly at the solar 

corona without any eye 

protection and enjoy the 

beauty of this fleeting 

spectacle.
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For most of the hour after the beginning of the eclipse you barely notice the decrease in sunlight. But 

as the time approaches for the beginning of totality, the landscape turns quickly darker. A growing 

sense of uneasiness seems to stir up twinges of an unspoken, primitive fear in all those present to 

witness this event.

As the narrow crescent of sunlight starts to disappear, little specks of light hang on for a few seconds 

more. And then, the dark shadow of the Moon rushes over you at incredible speed. The sky is sudden-

ly dark and the corona surrounding the Sun bursts into view.

Above: The partially 

eclipsed sun is 

photographed through 

broken cloud cover.
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Everything is silent. All eyes are held captive by this breathless spectacle in the sky. The irregular 

shape of the pearly white corona is spread behind the blackened Moon. Your eyes follow the wispy 

streamers of light extending out into the unreal darkness of the morning sky.

The sunlight from beyond the shadow casts a reddish glow near the horizon. You look around to 

notice how strangely things appear in the pale illumination of this eerie light. Birds have stopped 

singing; plants and animals react as if night has fallen. The sudden darkness seems to bring time and 

Nature to a quiet halt. 

Left: Caption needed 

della eos dolestrum 

harum veli quam vid 

modis molore eaque eat 

mincipsam re prat.

Above: The “diamond 

ring” effect signals the 

beginning (and later  

the end) of totality  

(Aug. 11, 1999).
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Precious seconds pass as you take in as much as you can of the beauty of these special two minutes 

in time. It is dark enough to see some stars and possibly a planet or two. Perhaps a few bright red 

solar prominences rise from the surface of the Sun, these arching flame-like eruptions punctuating 

the aura of light shining around the dark disk of the Moon. But one thing dominates the sky. The 

delicate corona – the halo of our Sun – shows its glory for these brief moments, giving you a vision 

never to be forgotten.

Above: The delicate light 

of the solar corona is the 

crowning glory of the 

few minutes of totality 

(August 1, 2008).
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And then, as suddenly as it began, it’s over. The 

shadow passes on and the sunlight returns.  

The excitement of totality is replaced by a 

soothing calm. No one talks much at first. As 

the Moon gradually uncovers more and more 

of the morning Sun, you are quiet. You want to 

savor the freshness of the experience, at a loss for 

words to explain it. Yet somewhere deep inside 

you have a feeling. An unexpected intimacy with 

the awesome and relentless forces of Nature has 

somehow become yours. And you sense that you 

may never feel quite the same again.

Above: Thai statue of Rahu, one of two Hindu serpent 

deities that swallow the Sun causing eclipses. In Vedic 

astrology, Rahu is associated with the lunar ascending 

node. Ketu is associated with the descending node.

The darkening of the Sun in the middle of the 

day will always seem an unnatural event. Even 

today with our scientific understanding of the 

Earth and space, it still can’t help but seem a 

little frightening to watch the Sun disappear and 

leave us shrouded in midday darkness. Fortu-

nately, the Sun’s “abandoning” of the sky during 

an eclipse is only temporary; daylight returns 

to reassure us just as it has done for eclipses 

throughout the ages. (The word “eclipse” comes 

from the Greek word meaning “abandonment.”) 

But the Greeks were not the first civilization to 

leave us with a history of observing eclipses.

The ancient Chinese document Shu Ching 

contains the earliest record of a solar eclipse. 

Most historians agree that the date was October 

22, 2134 bce, when “the Sun and Moon did not 

meet harmoniously.” The story goes that the two 

royal astronomers, Hsi and Ho, had neglected 

their duties and failed to predict the event. 

Widespread Oriental belief held that an eclipse was caused by an invisible 

dragon devouring the Sun. Great noise and commotion (drummers drum-

ming, archers shooting arrows into the sky, and the like) were customarily 

produced to frighten away the dragon and restore daylight. When this 

eclipse took place, the emperor was caught unprepared. Even though the 

Sun returned, the angry ruler ordered the astronomers beheaded! 

The people of many cultures have believed that an eclipse is an omen of 

some natural disaster or the downfall of a ruler. During eclipses in India 

people immerse themselves in water up to their necks, believing this act of 

worship will help the Sun and Moon defend themselves against the dragon. 

In Japan, the custom is to cover wells during an eclipse to prevent poison 

from dropping into them from the darkened sky. And as recently as the 

19th century, the Chinese Imperial Navy fired its ceremonial guns during 

an eclipse to scare off the invisible dragon.

This ominous view of eclipses is not the only one. In Tahiti, for exam-

ple, eclipses have been interpreted as the lovemaking of the Sun and the 

Moon. Even to this day, the Eskimos, Aleuts, and Tlingits of Arctic Amer-

ica believe an eclipse shows a divine providence: the Sun and the Moon 

temporarily leave their places in the sky and check to see that things are 

going all right on Earth. But regardless of the meaning given to them, 

eclipses will continue to occur, always obeying the regular timetables of 

celestial motions.
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CHAPTER ONE 

Ec l i p s e s  T h r o u g h o u t 

t h e  Ag e s
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STONEHENGE:  Ec l ipse Compu ter?

Every year on the first day of summer, the Sun rises at a point that is farther north than on any other 

day of the year. At the ruins of Stonehenge in England, this solstice sunrise appears on the horizon 

in direct alignment with the massive heel stone. This is the most outstanding feature of this ancient 

monument, built during the same era as the Great Pyramid of Egypt. There is little doubt that the 

builders of Stonehenge used it to mark this special day as the beginning of each year. By counting the 

number of days between these annual alignments, they could determine the length of the year. This 

could serve as a practical calendar to mark holidays and seasonal festivals and to ensure the timely 

planting and harvesting of crops.

But to predict eclipses, knowledge of two other cycles is required. One of these – the length of the 

lunar month – is easily determined. It is simply the number of days between one full Moon and the 

next. This cycle of 29½ days is marked at Stonehenge by two rings of 29 and 30 holes, which together 

average 29½. The other cycle, however, is of an altogether different character: it is a cycle of rotation 

of two invisible points in space. The evidence shows that the builders of Stonehenge probably discov-

ered this cycle and could have used it to predict eclipses.

These two invisible points in space are called the lunar nodes (from the Latin for “knot”). They are the 

points where the Moon’s orbit, which is tilted at a slight angle, intersects the plane of the Earth’s orbit. 

It would have taken many decades of watching countless risings and settings of the Moon to figure 

out the cycle of the lunar nodes. This information – which must have been passed on from generation 

to generation – is preserved at Stonehenge. All the Moon alignments necessary for determining this 

cycle are marked by massive stones.

Above:  

Stonehenge at sunset.
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Who were these people who observed this subtle cycle even before the first metal tools were used by 

humankind? Some have suggested that Stonehenge was built by Druids, but we don’t really know 

much about the builders. We do know that the actual motions of the Sun and the Moon are reflected 

in the structure of Stonehenge, and we can reason how it may have been used to keep track of these 

cycles. The number of stones or holes in the ground in the various rings around Stonehenge each 

represents a certain number of days or years in the cycles. By moving markers (such as stones) around 

a ring in time with the cycles, the positions of the Sun and Moon – and the two invisible points – can 

be tracked. (The details of this method are explained on pages 52-53.)

An eclipse can occur only when the Sun is close to being aligned with a node. By using Stonehenge 

to keep track of the position of the Sun and the nodes, these “danger periods” for eclipses can be pre-

dicted. A new (or full) Moon appearing during one of these periods would call for a special vigil to see 

if the solar (or lunar) eclipse would be visible from Stonehenge. (A lunar eclipse occurs when the full 

Moon is engulfed in the Earth’s shadow; see pages 44-45.) A total solar eclipse would be a rarity. But 

the law of averages confirms that either a partial solar eclipse or a lunar eclipse can be seen (weather 

permitting) from the same point on the Earth about once every year.

Above: Aerial view of 

Stonehenge (2016).
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DR AGONS AND SERPENTS:  
Ec l ipse S ymbo l s?

Why would eclipses have been so important to the ancient people of Stone-

henge? Perhaps they considered the darkening of the Sun or the Moon a 

fearsome event – a celestial omen of doom or disaster. Many cultures have 

interpreted eclipses this way. But the sophistication of the astronomy of 

Stonehenge suggests that the builders had something different in mind. 

Their understanding of the solar and lunar cycles must have led to a high 

regard for the cosmic order. Eclipses may have been seen as affirmations of 

the regularity of these cycles. Or perhaps the unseen lunar nodes formed an 

element of their religion as invisible gods capable of eclipsing the brightest 

objects in the heavens.

The idea that Stonehenge may have been a center for some kind of 

worship has occurred to many. It is not hard to imagine Neolithic people 

gathering at a “sacred place” at “sacred times” (such as solstices, equi-

noxes, and eclipses) to reaffirm their religious beliefs through ritual 

practices. British antiquarian Dr. William Stukeley, who in 1740 was the 

first to note the summer solstice alignment at Stonehenge, advanced the 

notion that the monument was built by Druids to worship the serpent. 

He claimed that Stonehenge and similar stone circles had been serpent 

temples, which he called “Dracontia.” Could this serpent symbolism be 

related to eclipses? Recall that the key to the occurrence of eclipses is the 

position of the lunar nodes. The length of time for the Moon to return to 

a node (about 27.2 days) astronomers call the draconic month. (Draco is 

the Latin word for “serpent” or “dragon.”) Perhaps the mythical serpents 

of Stonehenge and the legendary dragon that eats the Sun are symbols of 

the same thing: the invisible presence in time and space that causes  

eclipses the Sun and the Moon.

Above: Fanciful illustration of early  

Stonehenge celebration.
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Previous: Solar eclipse 

seen from outer space

13Eclipses Throughout the Ages



Above: Geocentric map 

of the solar system and 

zodiac from Harmonia 

Macrocosmica by 

Andreas Cellarius 

(1660).

THE B IRTH OF ASTRONOMY

Whatever the reasons for Stonehenge, they are lost in time; the builders left no written records. 

During this same period (between 3000 BCE and 2000 BCE), the study of the heavens was developing 

as a written science in the Middle East. Astronomers in Babylonia and Assyria kept track of time by 

carefully observing the motions of the Sun and the Moon. They increased the accuracy of their mea-

surements by recording the details of solar and lunar eclipses. As they studied this record of centuries 

of eclipses, a pattern of repetition began to emerge: eclipses tend to repeat themselves every 18 years, 

although they recur at different places on the globe. This eclipse cycle, called the saros, is used even to 

this day to make predictions. For example, the August 21, 2017, eclipse is included in saros series No. 

145. On August 11, 1999, exactly 18 years and 11⅓ days earlier, a solar eclipse took place. Another 

solar eclipse will occur on September 2, 2035, again after 18 years and 11⅓ days. (See pages 50-51 for 

more details on the saros.)

14 ECLIPSE : Chapter 1









ECLIPSES IN H ISTORY AND L ITER ATURE

Stonehenge, Babylonia, Egypt – each culture developed a unique approach to eclipses. But only the 

Babylonians discovered the long-range prediction cycle, the saros. An eclipse cycle can also be used to go 

backward in time. This technique has proven useful to historians in fixing exact dates of past events.

Numerous systems were used in ancient civilizations to keep track of the passage of time. Typically, 

routine happenings would be recorded as so many days, months, or years after some memorable event 

such as the crowning of a ruler, a natural catastrophe, or other momentous occasion. Often there 

would be no indication of exactly when the reference event took place. If an eclipse was described in 

the record of events, it could be compared with actual eclipses that were known to have happened 

near the time and place in question. If there were only one eclipse that fit the description, then the 

date could be fixed with certainty. Many historical chronologies have been verified or compared  

using this method.

Above: Illustration of a 

group of Chinese people 

observing a solar eclipse. 

The drawing shows 

the contrast between 

the curiosity of the 

astronomers on the right 

and the reverent  

behavior of the observers 

on the left. 
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Left: The winged solar disk icon in this Mesopotamian 

relief sculpture sits above an outline of the Tree of Life. 

This icon, which originated in Egypt, was later adopted 

by the astronomically inclined cultures of Assyria and 

Babylon, and is thought to represent a total solar eclipse.

The earliest record of a solar eclipse comes from 

ancient China. The date of this eclipse, usually 

given as October 22, 2134 BCE, is not certain. 

Historians know the account was written 

sometime within a period of about two hundred 

years. During that time there were several total 

eclipses visible in China. The 2134 BCE eclipse is 

simply the best guess.

The date of an eclipse referred to in the Bible 

is known for certain: “‘And on that day,’ says 

the Lord God, ‘I will make the Sun go down at 

noon, and darken the Earth in broad daylight’.” 

(Amos 8:9) “That day” was June 15, 763 BCE. 

The date of this eclipse is confirmed by an 

Assyrian historical record known as the  

Eponym Canon. In Assyria, each year was 

named after a different ruling official and the 

year’s events were recorded under that name 

in the Canon. Under the year corresponding 

to 763 BCE, a scribe at Nineveh recorded this 

eclipse and emphasized the importance of the 

event by drawing a line across the tablet.  

These ancient records have allowed historians  

to use eclipse data to improve the chronology  

of early Biblical times.
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Right: Battle 

between Lydians 

and Medes (585 

BCE) halted by a 

total solar eclipse.
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MYSTIF IED BY THE MOON

These kinds of ominous events have played important parts in human his-

tory. When English poet John Milton, in Paradise Lost, wrote these lines

As when the Sun, new risen, 
Looks through the horizontal misty air, 
Shorn of his beams, or from behind the Moon, 
In dim eclipse, disastrous twilight sheds 
On half the nations and with fear of change  
Perplexes monarchs

he may have been thinking of Charlemagne’s son, Emperor Louis the 

Pious. This European ruler was so “perplexed” by the five minutes of  

totality he witnessed during the eclipse of May 5, 840, that he died  

(some say of fright) shortly thereafter. The fighting for his throne ended 

three years later with the historic Treaty of Verdun, which divided Europe 

into the three major areas we know today as France, Germany, and Italy.

Solar eclipses perplexed the common people as well. Medieval historian 

Roger of Wendover reported on the total eclipse of May 14, 1230, which 

occurred early in the morning in Western Europe: “…and it became so 

dark that the labourers, who had commenced their morning’s work, were 

obliged to leave it, and returned again to their beds to sleep; but in about 

an hour’s time, to the astonishment of many, the Sun regained its usual 

brightness.” This was during the Dark Ages when an understanding of 

eclipses was not common knowledge.

Mark Twain used this ignorance of eclipses as an element of the plot 

in A Connecticut Yankee in King Arthur’s Court. The hero of the novel, 

Hank Morgan, is mysteriously transported backward in time to Medieval 

England. He finds himself about to be burned at the stake on a day when 

he knows a solar eclipse will occur. He “foretells” the event, claiming 

to have magical powers over the Sun. “The rim of black spread slowly 

into the Sun’s disk,… the multitude groaned with horror to feel the cold 

uncanny night breezes… and see the stars come out…” Morgan promises 

to restore the daylight in exchange for his freedom. King Arthur agrees 

and, of course, the Sun returns. Twain gives the date of the eclipse as June 

21, 528; this, however, is literary fiction. No such eclipse took place on or 

near that date.

Top Left: Cover of Paradise Lost, which contains a passage describing the supposed ill 

effects of an eclipse.

Top Right: English poet John Milton (1608-1674), author of Paradise Lost.

Middle: Emperor Louis the Pious (778-840) is said to have died from fright a month 

after viewing a total solar eclipse on May 5, 840.

Left: Mark Twain (1835-1910), whose novel A Connecticut Yankee in King Arthur’s 

Court features a plot device involving the prediction of total solar eclipse.
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A similar sort of deception was actually used by Christopher Columbus during his fourth voyage to 

the Americas. In 1503, he found himself stranded on the island of Jamaica, his ships damaged beyond 

repair and his provisions running low. At first he and his crew were able to get food from the natives 

in trade for baubles and trinkets. But as months passed without rescue, the Jamaicans finally refused 

to supply any more food. Faced with the prospect of starvation, the Italian explorer conceived an 

ingenious plan.

Columbus knew from his navigational tables that a total eclipse of the Moon would occur on Febru-

ary 29, 1504. He arranged a meeting with the natives that evening to coincide with the beginning of 

the eclipse. He announced that because God didn’t like the way the natives were treating him and his 

crew, the Almighty had decided to remove the Moon as a sign of his displeasure! Columbus timed his 

theatrics precisely; no sooner had he proclaimed the Moon’s disappearance than the Earth’s shadow 

began to steal across the face of the full Moon.

The natives were terrified. As the light of the Moon faded they pleaded with Columbus to restore it; 

they would give him all the food he wanted if he would bring back the Moon. Columbus told them he 

would have to retire to confer with God, which in this case was an hourglass timing the eclipse. Just 

before the end of the total phase he announced that God had pardoned them and would allow the 

Moon to return to its place in the sky. And as Columbus knew it would, the Moon reappeared. The 

grateful natives resumed the supply of food, and Columbus and his crew were eventually rescued and 

returned to Europe.

Above: Terrified 

Jamaicans plead with 

Columbus to restore the 

eclipsed Moon.
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THE SCIENCE OF PREDICTION

Today’s astronomers are able to predict the precise time and location 

of solar eclipses. With advance notice of the event and a higher level of 

scientific understanding among people, there is no need for anyone to 

be frightened by what should be a marvelous experience of the beauty of 

Nature. In fact, many people make plans to travel to locations in the path 

of the Moon’s shadow just to witness the spectacle of a total solar eclipse. 

Astronomers at the U. S. Naval Observatory in Washington, D. C., and at 

NASA’s Goddard Spaceflight Center process the data and publish predic-

tions years in advance for all eclipses. According to the astronomers who 

maintain the computer programs for eclipses, the prediction of the path of 

totality is accurate to within one or two miles and the timing of the eclipse 

to within a few seconds.

Eclipse predictions have not always been that accurate. Stonehenge could 

be used to forecast the day of an eclipse, but not the specific time or place. 

The ancient Chinese, Babylonians, and Greeks made improvements, but 

it was not until the 17th century AD, after Copernicus had shown that 

the Sun is at the center of the solar system and Newton had formulated 

the laws of gravity, that eclipse predictions 

achieved modern accuracy. The actual motion 

of the Moon is fraught with numerous small 

disturbances and discrepancies. In 1693 British 

astronomer Edmond Halley (of comet fame) was 

the first to notice a small but steady change in 

the Moon’s motion called secular acceleration. 

This simply means that the Moon is slowly gain-

ing speed in its orbit. Modern astronomers use 

ancient eclipse records, some several thousand 

years old, to determine the value of this change.

Above: Nicolaus Copernicus (1473-1543) posited the 

heliocentric model of the solar system, which laid the 

foundation for later eclipse prediction calculations.

Below: 17th century astronomer Hevelius observing a 

solar eclipse by projection into a darkened room  

(from his Machina Coelestis, 1673).

Left: British astronomer 

Edmond Halley (1656-

1742), in addition to 

making his famous comet 

prediction, contributed 

to the science of eclipse 

predictions.
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In 1824 a great practical stride was made in eclipse predictions: Prussian astronomer 

Friedrich Bessel introduced a group of mathematical formulas that greatly simpli-

fied the calculation of the positions of the Sun, Moon, and Earth. These “Bessel 

functions,” which are used even today, laid the foundation for a monumental book 

on eclipses. An Austrian astronomer named Theodor von Oppolzer 

organized the calculation of all eclipses from 1207 BCE to 2161. 

One year after his death in 1886, his Canon of Eclipses was 

published. It contains the details of the time and place 

for the 13,200 solar and lunar eclipses for those 34 

centuries. Another Austrian astronomer, Friedrich 

Ginzel, used these data for historical research on 

eclipses. In 1899 he published his Special Canon  
of Solar and Lunar Eclipses, which shows the 

references in classical literature to all eclipses 

between 900 BCE and 600. Both of these works 

have been valuable tools for historians who use 

eclipses to verify dates in history.

Right: Austrian astronomer Theodor von Oppolzer 

(1841-1886).

Above: The cover 

and an inside page 

from Oppolzer’s 

Canon of Eclipses 

(1887) provides 

details of all eclipses 

over a span of 34 

centuries.
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About this time another breakthrough happened that opened entirely new 

avenues of investigation in solar physics. For many years scientists had 

noticed a number of thin dark lines in the rainbow spectrum of light from 

the Sun. In 1859, German physicist Gustav Kirchhoff accounted for their 

origin: the lines occurred because of the chemical elements present in the 

Sun. Since each element has its own distinctive set of lines, the chemical 

composition of the Sun could be derived from its spectrum. This new tech-

nique, called spectroscopy, was first applied to the eclipsed Sun on August 

18, 1868. By this time, eclipse expeditions to remote areas of the globe were 

routine, and many traveled to India and Malaya to see this eclipse. British 

astronomer Norman Lockyer trained his spectroscope on the solar promi-

nences and discovered a spectral line of a new chemical element. He named 

it helium (from Greek helios, the Sun); this familiar gas was not identified 

on the Earth until 1895. At the same eclipse, he and French astronomer 

Pierre Jules Janssen, each working independently, figured out a spectro-

scopic method for observing the prominences without an eclipse.

In the following ten years steady advances were made in the spectroscopy 

and photography of eclipses. Expeditions to America, the Mediterranean, 

India, South Africa, and Siam yielded new information about the com-

position of the Sun and the structure of the corona. These expeditions to 

remote areas presented many challenges to astronomers. Transporting large, 

sensitive telescopes and other instruments compounded the hardships of 

global travel in the nineteenth century. And once the observers were set up 

at a site within the path of totality, cloudy skies during the eclipse could 

defeat the purpose of the journey.

High on her speculative tower 
Stood Science waiting for the hour 
When Sol was destined to endure 
That darkening of his radiant face 
Which Superstition strove to chase, 
Erewhile, with rites impure.

– Wordsworth, The Eclipse of the Sun, 1820

Top Left: The expedition to India for the eclipse 

of December 12, 1871. These British astronomers 

(Norman Lockyer is seated at the left under the 

umbrella) made their observations from atop a tower  

at the old fort at Bekal. 

Top Right: Sir Joseph Norman Lockyer (1836-1920), 

British astronomer who co-discovered the chemical 

element helium in the spectral lines of the Sun.

Above: A crowd of astonished natives gathered below 

the tower at Bekal. In their alarm at the sight of the 

disappearing Sun, they kindled a fire in preparation for 

a sacrifice. The astronomers, fearful the smoke would 

obscure their view, had the police stop the attempted 

fire-lighting.

Left: English poet William Wordsworth (1770-1850).
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THE SUNSPOT CONNECTION

None of these inconveniences deterred the scientists who traveled to 

Colorado and Wyoming for the total eclipse of July 29, 1878. The trans-

continental railroad had been completed nine years earlier and astronomers 

were offered half-price fares for the trip from the East Coast. For a short 

period that summer, obscure towns in the West became centers of scientific 

activity. Famous astronomers from Europe and all over America turned  

out to see the eclipse in the clear skies of the Rocky Mountains.  

Even Thomas Edison (no astronomer himself) was there to test a new  

invention he claimed could measure the heat of the corona.

A group headed by Samuel P. Langley, later 

director of the Smithsonian Institution, 

climbed to the summit of Pikes Peak in Colora-

do to witness totality on that summer afternoon. 

The day before the eclipse was ominous; they 

experienced hail, rain, sleet, snow, and fog! But 

eclipse day was clear and their perseverance 

was rewarded by a startling sight: two coronal 

streamers extending in opposite directions as far 

as twelve diameters of the Sun. These stream-

ers were much wider than had ever been seen 

before by scientists.

Although the 1878 corona was very wide, it was 

actually not as bright as those seen in 1870 and 

1871. Astronomers began to suspect that the 

corona’s shape and intensity were related to lev-

els of activity on the Sun. One of the measures 

of solar activity is the occurrence of sunspots. 

These dark blotches appear on the Sun’s surface, 

sometimes lasting for many weeks. Some years 

earlier Heinrich Schwabe, a German amateur 

astronomer, noted that the average number of 

sunspots per day varied in a regular cycle of 

approximately eleven years. Could this cycle be 

linked to the changing shape of the corona?

Top Left: Group that traveled to Sumatra to view the 

total solar eclipse of May 18, 1901.

Top Right: Samuel P. Langley (1834-1906), American 

astronomer and aviation pioneer, led an eclipse 

expedition to Pikes Peak, Colorado in 1878.

Left: Harper's Weekly cover page depicting total solar 

eclipse seen by astronomers at Pikes Peak, Colorado  

on July 29, 1878.
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While a small crescent of the sun remains in the sky, a curious eclipse 

phenomenon is often observed. Thin wavy lines of alternating light and 

dark can be seen moving and undulating in parallel on plain light-colored 

surfaces. These so-called shadow bands are the result of sunlight being dis-

torted by irregularities in the Earth’s atmosphere. An open floor or wall is 

a good place to look for them. A similar effect is seen when the Sun shines 

through ripples on the surface of the water in a swimming pool; the wavy 

lines moving on the bottom of the pool resemble the shadow bands of an 

eclipse.

As the narrow crescent of the Sun finally begins to disappear, tiny specks of 

light remain visible for a few seconds more. These points of light are spaced 

irregularly around the disappearing edge of the Sun, forming the appear-

ance of a string of beads around the dark disk of the Moon. These lights 

are known as Baily’s beads, named after Francis Baily, the 18th century 

English amateur astronomer who was the first to draw attention to them.

Baily’s beads would not be possible if the Moon’s surface were perfectly 

smooth. The edge of the Sun is first hidden by the peaks of lunar moun-

tains. The beads are the last few rays of sunlight shining through valleys on 

the edge of the Moon. Baily’s beads make their brief appearance up to 15 

seconds before totality. When a single point of sunlight remains, a beauti-

ful “diamond ring” effect is created against the outline of the Moon. This 

final sparkling instant signals the arrival of the moon’s shadow. The last ray 

of sunlight vanishes and totality begins.

O dark, dark, dark, amid the blaze of noon, 
Irrevocably dark, total eclipse 
Without all hope of day.

– Milton, Paradise Regained

Opposite Bottom: Shadow 

bands sometimes visible 

just prior to totality 

(1900 engraving).

Left: Baily's beads 

(engraving from the 

eclipse of July 18, 1860).
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THE SPECTACLE OF TOTALIT Y

Suddenly the sky above is dark. The Moon’s shadow, racing along the Earth at speeds up to several 

thousand miles per hour, brings a swift and dramatic nighttime effect. The sky near the horizon, 

where the eclipse is not total, still appears bright. The distant scattered light produces a slight reddish 

glow and unusual shadow effects. This daytime darkness is not quite as black as at night. But its star-

tling onset and unearthly appearance combine to create a unique visual ambience.

In the center of this darkened sky hangs the featured spectacle of the eclipse – the corona of the Sun. 

This pearly white crown of light shines in all directions around the darkened solar disk. A million 

times fainter than the Sun itself, the full glory of the corona is visible only during a total solar eclipse.

The corona consists of the ionized gases that form the outer atmosphere of the Sun. Although these 

gases extend many millions of miles into space, only the corona near the Sun is visible to the naked 

eye. Wispy plumes and streamers of coronal light reach out distances up to several diameters of the 

Sun before they fade into darkness.

The corona comes into full view when the leading edge of the Moon blots out the last ray of  

sunlight, and it remains visible throughout totality. For a few seconds both after the beginning and 

before the end of totality, a pinkish glow appears at the edge of the Moon. This is light from the  

Sun’s lower atmosphere, the chromosphere. Its rosy color (“chromo” means color) comes from its  

main element, hydrogen.

Extending outward from the chromosphere are solar prominences. Usually several of these red cloud-

like formations are visible during a total eclipse. Some prominences actually erupt, speeding away 

from the Sun at close to a million miles per hour. (This movement is not evident to the naked eye 

during the few minutes of totality.) They arch above the surface and then disappear, sometimes lasting 

only a matter of hours. A few of these erupting prominences have been seen to reach a height of nearly 

one-third the diameter of the Sun itself.

Above: Composite 

sequence of photos 

showing the diamond 

ring effect both before 

and after totality. 

(March 29, 2006).
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This marvelous view of the Sun clearly commands the center of attention 

during totality. But there are other sights to see as well. Because the direct 

light of the Sun is blocked, some of the brighter stars and planets become 

visible. Sometimes a total solar eclipse reveals a small comet on its path 

near the Sun.

The darkness of totality resembles nighttime, and plants and animals react 

accordingly. Birds stop singing and may go to roost. Daytime flower blos-

soms begin to close as if for the night. Bees become disoriented and stop 

flying. The temperature drops in the coolness of the Moon’s shadow. All of 

Nature seems still and quiet for this brief moment of daytime darkness.

And then the shadow passes. A bright speck of sunlight flashes into view at 

the western edge of the Sun as the corona disappears. Totality has ended. 

The same events that preceded totality now occur in reverse order and on 

the opposite side of the Sun. Baily’s beads appear, followed by a thin cres-

cent of the Sun. Daylight returns as more and more of the Sun is gradually 

uncovered by the passing Moon.

Finally the complete disk of the Sun is restored. The eclipse is over. The 

Moon continues in its orbit around the Earth, casting its shadow off into 

the vastness of space. Nothing tangible remains of the eclipse except some 

photographs and scientific data. Yet the memory of the experience is 

permanent – the fleeting beauty of the corona etched into the mind’s eye 

by the sheer grandeur of the event. There is simply nothing else like it. And 

now it is gone – but not forever. The necessary alignment of Sun, Moon, 

and Earth will occur again to create other solar eclipses.

Top Left: Close up portrait of the inner corona showing 

ruby-red prominences and polar plumes  

(February 26, 1998).

Top Right: This detailed view of a solar prominence gives 

a sense of the large magnitude of these types of eruptions. 

This image was produced with special equipment using 

wavelengths of light outside the visible spectrum.  

(Note: this type of view is not seen during an eclipse.)

Above: Another view of the solar corona shows the 

variation in detail from one eclipse to another  

(July 11, 2010).
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TOTAL AND PARTIAL ECLIPSES

Twelve total solar eclipse tracks have crossed North America in the last one 

hundred years. The longest path of totality across the country came with 

the eclipse of June 8, 1918. This so-called “American eclipse” was observed 

from one corner of the nation to the other, all the way from Washington 

State to Florida. Astronomers were joined by crowds of interested people 

along the eclipse track to witness the wonder of this daytime darkness.

Now again in 2017, another eclipse track crosses the United States, this 

time from Oregon to South Carolina. And this time, tens of millions of 

viewers will be looking skyward to get a glimpse of totality on August 21, 

2107. (The next opportunity for U.S. viewers will come April 8, 2024, 

when the Moon’s shadow races from Texas to Maine.)

The sequence of eclipses from year to year is determined by two different 

cycles of the Moon. The familiar monthly change of the phases of the 

Moon is one of these. The other cycle involves the gradual shift in orienta-

tion of the Moon’s orbit. Only when these two cycles are favorably com-

bined (about every six months) can a solar eclipse occur.

A solar eclipse may occur only at a new Moon. During this lunar phase the 

Moon passes between the Earth and the Sun. The Sun shines on the side of 

the Moon facing away from us, casting a shadow toward the Earth. A new 

Moon appears every 29½ days, but usually the Moon’s shadow passes com-

pletely above or completely below the Earth. This is because the Moon’s 

orbit is tilted at a slight angle to the Earth’s orbit; the Moon usually passes 

above or below the direct line of sight between the Earth and the Sun.

A total solar eclipse occurs when the umbra (complete shadow of the Moon) 

sweeps across the Earth. During a partial solar eclipse, only the penumbra 

(partial shadow of the Moon) touches our planet. The umbra passes either 

just above the North Pole or just below the South Pole, completely missing 

the Earth. No total eclipse is visible – only partial phases can be seen. It has 

the same appearance as the partial phases of a total eclipse, but is visible 

only in either northern or southern latitudes.

It is much more common to see a partial solar eclipse (or the partial 

phases of a total solar eclipse), since the partially eclipsed Sun is usually 

visible over wide areas of the Earth. Whether or not a solar eclipse will be 

experienced as a total eclipse or a partial eclipse is just a matter of a slight 

difference in alignment of the Moon during an eclipse. People who have 

witnessed these partial phases – which is an interesting phenomenon, but 

not particularly dramatic – may wonder why others get so excited about 

seeing a total eclipse. It seems like it is just a slight matter of degree. But 

don’t be fooled by this analogy. There is a world of difference between a 

99% partial solar eclipse and a 100% total solar eclipse. The spectacular 

view of the solar corona is visible only from within the path of totality of a 

total solar eclipse, and it is well worth the effort to position yourself so that 

you can experience it.

Eclipse contacts mark the transitions between 

different phases of an eclipse as viewed from a 

point on the Earth. For a total eclipse, first con-
tact occurs at the instant the Sun’s disk begins 

to be covered by the Moon. About an hour later, 

second contact marks the beginning of the total 

phase of the eclipse, and third contact signals  

the end of totality. The transition phenomena  

(Baily’s beads, diamond ring effect, shadow 

bands, etc.) are visible just before second contact 

and just after third contact. Fourth contact 
occurs when the Moon passes completely away 

from the disk of the Sun.

For a partial eclipse (or the partial phases of a 

total or annular eclipse), first contact also occurs 

at the instant when the Sun’s disk begins to be 

covered by the Moon. But since there are only 

partial phases for this type of eclipse, there is no 

second or third contact. Fourth contact signals 

the end of the eclipse.

For an annular eclipse, second contact marks the 

point at which the disk of the Sun completely 

surrounds the Moon, revealing the ring of bright 

light around the Moon. Third contact occurs 

when the Moon moves on to break the ring of 

light of an annular eclipse.
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ANNUL AR ECLIPSES

A third type of solar eclipse occurs when the Moon’s umbra passes across 

the Earth, but is not quite long enough to reach the surface; the shadow 

cone diminishes to a point above the surface of the Earth. This effect 

happens when the Moon is farther out in its orbit around the Earth. The 

Moon appears slightly smaller and is not large enough to completely cover 

the Sun. When the Moon is centered over the Sun, a ring of sunlight 

remains visible around the edge. This type of eclipse is called an annular 
eclipse. (Annular comes from the Latin word meaning “ring.”) Because the 

Sun is not completely covered by the Moon, the dramatic effects of a total 

eclipse (corona, darkness, etc.) are not present at either annular or partial 

eclipses of the Sun. 

The Moon passes from apogee to perigee and back again every 27½ days; 

the Earth-Sun distance varies on a yearly cycle. If an eclipse occurs when 

the Moon is near apogee (Moon farther from Earth) and the Earth is 

nearer to perihelion (Sun closer to Earth), the Sun will appear larger than 

the Moon. The Moon will not be able to completely block the Sun; the 

result is an annular eclipse. The Moon’s umbra falls short of reaching the 

Above: Composite photo 

sequence of the phases of 

an annular eclipse. The 

Moon, when centered 

on the Sun, is not large 

enough to completely 

cover the Sun during an 

annular eclipse. The solar 

corona and other totality 

effects are not visible 

during this type of eclipse.
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Lunar eclipses occur at the rate of about 2.3 eclipses per year. Over time, 

total lunar eclipses account for about 36% of all lunar eclipses, partial 

about 27%, and penumbral about 37%. When a lunar eclipse does occur, 

it always happens 14¾ days before or after a solar eclipse.  (Lunar eclipses 

occur during the eclipse seasons discussed on pages 48-49.) For example, 

there is a partial lunar eclipse on August 7, 2017, occurring at the full 

Moon before the total solar eclipse of August 21, 2017.

Many more people witness total lunar eclipses than total solar eclipses, 

even though they occur with roughly the same frequency. (Each century 

averages between 75 and 85 total eclipses of each type.) A lunar eclipse 

is visible from anywhere on the half of the Earth where it is nighttime 

during the hour or more that the Moon moves through the Earth’s umbra 

(provided, of course, that the local night sky is clear enough to see the 

Moon). A total solar eclipse is visible only from within a narrow path of 

totality on a specific part of the Earth for just a few minutes at any loca-

tion within that path.

Above: The totally eclipsed Moon often appears with a 

reddish hue, the result of sunlight in the red wavelengths 

refracted by the Earth’s atmosphere.

45Understanding Eclipses









Above: Solar eclipses can occur only during an eclipse season, a 37½-day window of time when a lunar node is 

in position between the Sun and the Earth. When the new Moon occurs near the midpoint of an eclipse season, 

the result is an annular or total eclipse. When the new Moon occurs near the beginning or end of the window, 

the result is a partial eclipse. The vertical dashed line connects the August 21, 2017 eclipse with the next eclipse 

(September 2, 2035) in the same saros series.

SOL AR ECLIPSES AND ECLIPSE SE ASONS (2016-2036)
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According to Hawkins, moving a marker (such as a stone) three Aubrey 

holes each year makes a complete revolution of the system in 18⅔ years, 

close enough to the actual value for use in eclipse predictions. Two of these 

markers, on opposite sides of the Aubrey ring, would show the position of 

the nodes at all times. The astronomical alignments at Stonehenge, too 

precise to be mere chance, imply knowledge of the 18.6-year cycle of the 

lunar nodes. It seems plausible that the Aubrey holes were used to mark 

this cycle.

Fred Hoyle’s 1977 book On Stonehenge shows how the number 56 may 

also be used to mark the movement of the Sun and the Moon. According 

to Hoyle, if a Sun marker is moved two holes every thirteen days, a com-

plete circuit takes 364 days (56/2 x 13); this is only 1¼ days short of a full 

year. If a Moon marker is moved two holes every day, a complete circuit 

(28 days) is very close to the lunar month. These small discrepancies can 

be easily corrected using observations of the actual positions of the Sun 

and Moon.

Viewed in this way, Stonehenge represents a working model of the Sun-

Moon-Earth system. The Sun, the Moon, and the lunar nodes, each 

represented by markers, revolve around the Earth located in the center. 

When the markers coincided, an eclipse would take place. All the necessary 

information (periodically corrected by actual observations) would have 

been available to the Stonehenge “astronomers” to use the 56 Aubrey holes 

as a primitive computer to predict eclipses.

Above: In his 1977 book On Stonehenge, Fred Hoyle 

expanded on Hawkins’ theory by showing how the 

Aubrey holes could also be used to mark the movement  

of the Sun and the Moon.

Below: This diagram shows how the 56 Aubrey holes can 

be used to track to progression of the Sun, the Moon, and 

the lunar nodes, thus serving as a predictor of eclipses.

MOON MARKER

moved 2 holes every day

CIRCLE OF

AUBREY HOLES

SUN MARKER

moved 2 holes every 13 days

ASCENDING NODE MARKER

moved 3 holes every year

DESCENDING NODE MARKER

moved 3 holes every year
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MYSTERIES OF ME XICO

Halfway around the world from Stonehenge, another mysterious culture of 

sky watchers built stone monuments to mark the motion of celestial objects 

across the sky. The landscape of Mesoamerica is dotted with clusters of 

pyramids, temples, and observatories built by the Mayans and the Aztecs, 

chiefly during the first Millennium CE. These structures display a wealth 

of astronomical alignments, confirmed by research in the new discipline of 

archaeoastronomy, that are especially focused on the Sun, the Moon, the 

planet Venus, and the Pleiades star cluster. And unlike Stonehenge, surviv-

ing historical documents from the Mesoamerican period clearly indicate 

that these early cultures recorded eclipses and knew of eclipse cycles.

A key document showing knowledge of eclipse cycles is the Dresden 

Codex, one of four surviving Mayan picture books that include astronom-

ical tables and almanacs. The Dresden Codex (named for the German city 

with the library that houses the document) contains vividly colored black 

and red glyphs and blue and yellow figures painted on the flattened bark of 

the wild ficus tree. In addition to a series of 260-day almanacs and precise 

data on the motion of Venus, the Dresden Codex contains several pages 

of eclipse tables. These tables show groupings of specific numbers: a series 

of the numeral 177 followed by the numeral 148 followed by the picture 

glyph for an eclipse. The numbers represent days, and the cumulative total 

of days recorded on a several pages spans a period of more than 32 years.

Top: A Mayan pyramid at 

Chichen Itza, Yucatan, Mexico.

Above: The planet Venus, shown here 

as seen through a telescope, played an 

important role in Mayan cosmology.
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In his 1980 book Skywatchers of Ancient Mexico, Anthony F. Aveni shows 

how these tables are related to eclipses. The numbers 177 and 148 are 

near exact multiples of 6 synodic months (6 x 29.53 = 177.18 days) and 5 

synodic months (5 x 29.53 = 147.65 days). Once an eclipse is observed, these 

numbers can be used to count the days until the next “danger period” (what 

today we call an eclipse season) during which an eclipse may occur. Three 

intervals – 177 days, 325 days (177 + 148), and 354 days (177 + 177) – apply 

to either solar or lunar eclipses. For example, the table on page 84 of this 

book shows that the next total solar eclipse after the one on Dec.14, 2020, 

occurs 355 days later on December 4, 2021. Similarly, the two total lunar 

eclipses in 2018 – on January 31 and July 27 – are separated by 177 days.

The eclipse table in the Dresden Codex even makes allowances for small 

corrections necessary over time. In a few instances, the number 178 appears 

in place of 177, indicating the need to add an extra day to the cycle. This 

would apply to the 2020-2021 interval discussed above (177 + 178 = 355 

days). The expression of these complex cosmic cycles through a pair of 

numbers (177 and 148), along with the means to periodically correct the 

intervals based on observations, represents an amazing feat of understand-

ing. One can only speculate what other Mesoamerican achievements would 

be worthy of our marvel today had more of their historical documents 

survived the onslaught of Western civilization.

Top: The Pleiades star cluster (visible in the constellation 

Taurus) held particular significance for Mayan 

astronomers.

Above: Pages 52 and 53 of the Dresden Codex show 

three large pictures, each representing an eclipse. Many 

of the surrounding glyphs stand for misery, malevolence, 

and death – all of which the Mayans supposedly 

associated with eclipses.
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MOTION OF THE MOON’S SHADOW

Ancient stone monuments in various parts of the world show that the 

builders had all the information needed to predict eclipses, including a 

way of keeping track of the nodes of the lunar orbit. The position of these 

invisible points in space – sometimes symbolized as dragons or serpents – 

helps determine the path of the Moon’s shadow as it moves across the Earth 

toward the east during an eclipse.

Why does the shadow move eastward? Both the Moon and the Sun “rise” 

in the east and “set” in the west. This apparent motion across the sky (from 

east to west) is the result of the daily rotation of the Earth. Our planet is 

steadily spinning eastward; thus objects in the heavens (including the Sun 

and the Moon during an eclipse) seem to move toward the west. For a place 

in the path of totality, the entire duration of an eclipse (from first contact 

until fourth contact) is about two hours. During that time the Sun and 

Moon move through a part of their path across the sky from east to west.

The Moon’s shadow, however, moves in the opposite direction: eastward. 

This happens because the Moon is revolving in its orbit from west to east. 

The umbra moves eastward with the Moon as it passes between the Sun 

and the Earth. This creates the effect of the Sun seeming to overtake the 

Moon during an eclipse. Because the Sun is farther away, it passes westward 

behind the Moon and casts a shadow that moves eastward on the Earth.

As the umbra sweeps eastward, an observer located in the path is also 

moving eastward due to the rotation of the Earth. But the Moon’s shadow 

moves faster than any point on our rotating planet; the umbra always over-

takes a stationary observer in its path. The faster the shadow is moving, 

the shorter is the duration of totality. How fast the umbra moves over a 

point on the Earth’s surface depends mainly on two factors: (1) the latitude 

(distance from the equator) of the point in the path, and (2) the time of day 

totality occurs at that point.

Above: Solar eclipse diagram from Peurbach's  

Theoricæ Novæ Planetarum (1553).
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The first factor is the latitude. A point on the equator travels the complete 

circumference of the Earth (nearly 25,000 miles) in twenty-four hours, a 

rate of about 1,040 miles per hour. Points at higher latitudes (either farther 

north or farther south) don’t have as far to go around the Earth in a day’s 

rotation. The rotational speed of a point on the Earth becomes progressive-

ly slower at greater and greater distances from the equator. But the umbra’s 

speed through space in the vicinity of the Earth is the same (about 2,100 

miles per hour) regardless of latitude. The difference between this value 

and the speed of the point on the Earth is the speed of the umbra across 

that point. The result is that the shadow moves more slowly in the tropics 

(within 23½ degrees latitude of the equator) and moves faster at points of 

greater latitude.

The other major factor affecting the speed of the shadow is the time of day 

the eclipse takes place. The umbra moves slowest across places where total-

ity happens at noontime. When totality occurs earlier or later in the day, 

the umbra strikes the Earth at an oblique angle. The shadow at sunrise or 

sunset moves faster across the land or water than if it were closer to being 

perpendicular to the Earth’s surface.

The combination of these two factors – latitude and time of day – deter-

mines the speed of the umbra. The umbra moves slowest when totality 

occurs at noon in the tropics. The speed is important because it affects 

the duration of the eclipse: the slower the shadow, the longer the time of 

totality. But another factor is just as important in determining the duration 

of totality: the width of the path made by the Moon’s shadow.

Above: Sequence of satellite photos (left to right) of the 

Moon’s shadow moving eastward across the Earth during 

the total solar eclipse on March 9, 2016. Notice how 

the Earth rotates about 45 degrees from the start to the 

finish of the eclipse (about 3 hours).
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1956 JUN 8 4:44 269 S. Pacific Ocean

1957 OCT 23**   (Umbra barely touched Antarctica)

1958 OCT 12 5:10 131 Pacific Ocean, Chile, Argentina

1959 OCT 2 3:01 76 New England, Atlantic Ocean, Africa

1961 FEB 15 2:45 164 Europe, Soviet Union

1962 FEB 5 4:08 92 Borneo, New Guinea, Pacific Ocean

1963 JUL 20 1:39 63 Pacific Ocean, Alaska, Canada, Maine

1965 MAY 30 5:15 124 New Zealand, Pacific Ocean

1966 NOV 12 1:57 53 Pacific Ocean, S. America, Atlantic Ocean

1967 NOV 2***   (Umbra barely touched Antarctica)

1968 SEP 22 0:39 68 Soviet Union, China

1970 MAR 7 3:27 99 Pacific Ocean, Mexico, Eastern U.S., Canada

1972 JUL 10 2:35 111 Siberia, Alaska, Canada

1973 JUN 30 7:03 160 Atlantic Ocean, Central Africa, Indian Ocean

1974 JUN 20 5:08 216 Indian Ocean, Australia

1976 OCT 23 4:46 125 Africa, Indian Ocean, Australia

1977 OCT 12 2:37 63 Pacific Ocean, Colombia, Venezuela

1979 FEB 26 2:49 195 NW United States, Canada, Greenland

1980 FEB 16 4:08 93 Africa, Indian Ocean, India, Burma, China

1981 JUL 31 2:02 68 Soviet Union, Pacific Ocean

1983 JUN 11 5:10 125 Indian Ocean, Indonesia, New Guinea

1984 NOV 22 1:59 53 New Guinea, Pacific Ocean

1985 NOV 12 1:58 430 Antarctica

1986 OCT 3* 0:01 1 N. Atlantic Ocean

1987 MAR 29* 0:07 3 S. Atlantic Ocean, Africa

1988 MAR 18 3:46 109 Sumatra, Borneo, Philippines, Pacific Ocean

1990 JUL 22 2:32 130 Finland, Soviet Union, Aleutian Islands

1991 JUL 11 6:53 160 Hawaii, Mexico, Central America, Colombia, Brazil

1992 JUN 30 5:20 182 S. Atlantic Ocean

1994 NOV  3 4:23 117 South America (Peru, Bolivia, Paraguay, Brazil)

1995 OCT 24 2:09  48 Iran, India, Southeast Asia

1997 MAR  9 2:50 220 Mongolia, Siberia

1998 FEB 26 4:08  94 Galapagos Islands, Panama, Colombia, Venezuela, Guadeloupe,  

    Montserrat, Antigua

1999 AUG 11 2:22  69 Europe, Middle East, India

2001 JUN 21 4:56 124 Atlantic Ocean, Southern Africa

2002 DEC  4 2:03  54 Southern Africa, Indian Ocean, Australia

2003 NOV 23 1:57 308 Antarctica

2005 APR  8* 0:42 100 S. Pacific Ocean

2006 MAR 29 4:06 114 Africa, Turkey, Russia

2008 AUG  1 2:27 147 Greenland, Russia, China

2009 JUL 22 6:38 160 India, China, Pacific Ocean

2010 JUL 11 5:20 160 S. Pacific Ocean, southern tip of South America

2012 NOV 13 4:02 111 Australia, Pacific Ocean

2013 NOV  3* 1:39  35 Atlantic Ocean, central Africa

2015 MAR 20 2:46 287 N. Atlantic Ocean, Norwegian Sea, Svalbard

2016 MAR  9 4:09  96 Indonesia, N. Pacific Ocean

2017 AUG 17 2:40  71 United States (from Oregon to South Carolina)
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HOW TO OBSERVE AN ECLIPSE

The spectacular sight of a total solar eclipse is for most of us a once-in-

a-lifetime event. Unless you’re an astronomer or an avid eclipse follower, 

you’ll probably get only one chance to see it. It’s estimated that only one 

in a thousand people ever experiences totality. This wondrous spectacle of 

the complete halo around the Sun can’t be seen under any other earthly 

circumstances. Astronomers are able to observe part of the corona without 

an eclipse using a coronagraph, a kind of telescope invented in 1931. But 

the naked-eye view of the corona – the spectacular visual centerpiece of an 

eclipse experience – is visible only from within the path of totality.

In addition to the sight of the corona, there are other marvelous phenom-

ena to observe during a total eclipse. The daytime darkness and the swift 

onset of the Moon’s shadow add to the drama of the few short minutes the 

corona is visible. Shadow bands, Baily’s beads, the reaction of plants and 

animals – all add to the excitement and impact of the inexorable alignment 

of Sun, Moon, and Earth. It’s simply a matter of being in the right place at 

the right time … and knowing what to look for.

The time and location of each eclipse, of course, is different. But the obser-

vation site considerations and the viewing techniques are essentially the 

same for all total solar eclipses. The eclipse of August 21, 2017, is used as 

the example in this chapter to illustrate how to observe an eclipse.

Opposite: Path of the Moon's shadow on the Earth 

during the "New Year's Day Eclipse" of January 1, 

1889. The illustration shows a direct telegraph line 

from San Francisco to New York that was made 

available to the astronomers in California for the 

purpose of sending word of the results of their eclipse 

observations to observers stationed in the path 

farther east.
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THE PATH OF TOTALIT Y

Early in the morning of August 21, 2017, as seen from a point in the Pacific 

Ocean about 1,500 miles northwest of Hawaii, the Sun rises. But instead of 

the familiar orange ball coming up over the horizon, the blackened disk of 

the eclipsed Sun appears. The umbra, the complete shadow of the Moon, 

makes its first grazing contact with the edge of the Earth at sunrise and the 

total eclipse begins. The shadow races eastward at thousands of miles per 

hour toward the west coast of United States, where the Sun is already up 

this Monday morning.

The umbra first touches land near the Pacific coast town of Lincoln Beach, 

Oregon, at 10:16 a.m. local time (PDT). The shadow, moving at more than 

2,400 miles per hour, sweeps along a 62-mile-wide path blotting out the 

Sun for up to 2 minutes across the state. As the eclipse continues inland, 

the shadow slows its movement and the path gets slightly wider, covering 

parts of Idaho, Wyoming, Nebraska, Missouri, and southern Illinois. Here 

the event reaches greatest eclipse at a point near Carbondale, Illinois. The 

shadow reaches its maximum width (71 miles) and totality reaches its max-

imum duration (2 minutes and 40 seconds).

By now the eclipse is about half over. At its slowest point, the shadow is 

moving about 1,450 miles per hour. It begins picking up speed as it moves 

southeast over parts of Kentucky, Tennessee, North Carolina, Georgia, 

and South Carolina, where it heads out into the Atlantic Ocean at 2:47 pm 

local time (EDT). It takes only about an hour and a half for the Moon’s 

shadow to sweep across America. Finally, the total eclipse ends at sunset 

about 400 miles southwest of the small island nation of Cape Verde off the 

Atlantic coast of Africa. The Moon’s shadow leaves the Earth and contin-

ues its course through space.

The passage of the Moon’s umbra over the Earth, from sunrise in the 

Pacific to sunset in the Atlantic, takes a little more than three hours for this 

eclipse. During that time it travels about 8,600 miles across the surface of 

the Earth. That’s an average speed of about 2,700 miles per hour. The area 

covered by the path of totality amounts to approximately 500,000 square 

miles, or about 0.26 percent of the total surface area of the planet. The 

path of totality touches land only in United States, including a number of 

major cities. The partial phases of the eclipse are visible from all of North 

America, where every state in the continental U.S. and much of Canada 

will experience at least a 60% partial eclipse

Opposite: The path of the Moon’s shadow on  

August 21, 2017, is shown on the map at 30-minute 

intervals as the shadow sweeps from west to east. The blue 

lines running east-west show curves of equal magnitude 

of the partial phases at 20% increments, indicating the 

greatest percentage of the Sun covered by the Moon as seen 

from points along these lines. The farther away from the 

path of totality, the less of the Sun's disk is blocked out.  

(For more details on the path of totality,  

see the map on pages 72-73.)
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At the point of Greatest Eclipse:

   Duration of totality = 2 min 40 sec

   Width of path = 71 miles

Times are given as Universal Time (UT)

Subtract 7 hours for Pacific Daylight Time 

Subtract 6 hours for Mountain Daylight Time

Subtract 5 hours for Central Daylight Time 

Subtract 4 hours for Eastern Daylight Time

(For areas not observing Daylight Saving Time 

subtract one additional hour)

August 21, 2107 Total Solar Eclipse

Eclipse Predictions by Fred Espenak, NASA's GSFC
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SELECTING AN OBSERVATION S ITE

The partial phases of a total solar eclipse are usually visible over a wide area (all of North America 

and parts of South America on August 21, 2017). But only within the path of totality can you see 

the spectacular and striking effects. The difference between experiencing a total eclipse and a partial 

eclipse is, literally, “the difference between night and day.” Those who live within the path or take the 

opportunity to travel there have the chance to be rewarded with one of the most fleeting and beautiful 

visions of Nature’s grandeur.

Your choice of a site within the path should be guided by four main factors:

1. Duration of totality at the site 

2. Unobstructed view of the Sun 

3. Chances for clear skies 

4. Opportunity for last-minute mobility

The map on pages 72-73 shows the path of totality over the United States on August 21, 2017, from 

Oregon to South Carolina. For any given locale, a point nearer the central line of the eclipse has 

more time in totality; this is because the Moon’s shadow, which forms an ellipse on the surface of the 

Earth, is wider nearer the center of the path. The diagram below shows this variation across the path. 

If you are located just within the path, totality will not last very long – less than a minute. However, 

the “edge phenomena” of a total eclipse (Baily’s beads, diamond-ring effect, and view of the chromo-

sphere) will last longer there.

To ensure an unobstructed view of the eclipse, you need to know approximately where the Sun will 

be in the sky. You don’t want any trees, buildings, or mountains, for example, blocking your view. 

An easy way to determine this is to look for the Sun from your vantage point a day or two before the 

eclipse at the same time of day that totality occurs at your location. This will tell you if anything is in 

your way.

The location of the Sun in the sky at the time of totality varies according to geographic location. In 

Oregon, where the eclipse occurs at mid-morning, the Sun’s angle above the true horizon (altitude) 

is about 40 degrees, almost halfway above the horizon. As the shadow moves eastward, the Sun’s 

altitude increases to almost 65 degrees near maximum eclipse in Illinois, and then gradually sinks 

slightly as it moves across the eastern states in the path. It’s important to realize that the angle of 

Right: The width of the 

shadow and the duration 

of totality decrease 

farther away from the 

central line of the eclipse.

<- Shortest Duration of Totality ->

<- Longest Duration of Totality ->

<- Shortest Duration of Totality ->

NORTHERN LIMIT

CENTRAL LINE OF ECLIPSE PATH

SOUTHERN LIMIT
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altitude is measured from the true or level horizon. This doesn’t account for 

any hills or mountains visible from your location. Also, if you’re on a hill or 

tall building with a good view of the west, you may get a chance to see the 

approach of the Moon’s shadow as it races toward you across the surface of 

the Earth.

The compass direction to look for the Sun at the time of totality depends 

on the time of day at your location. In the morning in Oregon, the totally 

eclipsed Sun will appear in the east-southeast. As the shadow moves on, the 

Sun’s location shifts toward the south: at about one p.m. local time in Mis-

souri, the Sun is located due south. By the time the shadow reaches South 

Carolina, the Sun is visible in the southwest.

Roses have thorns, and silver fountains mud; 
Clouds and eclipses stain both Moon and Sun.

– Shakespeare, Sonnet XXXV

The third factor in choosing a site is the weather. Unless you fly above 

the clouds to observe an eclipse, you’ll always have to take some risk on 

the weather. But there is a lot you can do to optimize your chances to 

see the eclipse. The meteorological term for cloudy skies is “sky cover.” It 

is measured in numbers from 0 to 10, with each number representing a 

tenth. (For example, a sky cover of 4 indicates 40% overcast, or 60% clear.) 

Weather Bureau records will show the average sky cover for different places 

along the path at the time of year of the eclipse.

The weather prospects for the August 21, 2017 eclipse are generally very 

good. August is a sunny month over much of the United States, but the 

chances for cloudy weather vary greatly from one location to another. For 

example, locations on the Columbia Plateau east of the Cascade Range in 

Oregon average up to 70% clear skies. Locations farther east experience 

diminishing prospects due to summer thunderstorms, where east of the 

Mississippi River the chances for clear skies are as low as 30%.

These sky cover predictions are only general estimates covering large areas. 

Local weather conditions can be very different for places a short distance 

apart. Check the local weather forecasts a few days before the event to get 

a better idea of cloud movements. You’ll want to avoid places likely to have 

fog; also, stay away from mountain ridges where clouds tend to gather.

Perhaps the greatest asset in finding clear skies for an eclipse is the fourth 

factor: last minute mobility. Driving a few miles to a clearer location could 

save the day for you. In this regard, you may want to select an area that 

provides easy east-west mobility, most likely on an Interstate highway, such 

as I-70 between Kansas City and St. Louis. Of course, a heavy concentra-

tion of eclipse chasers may produce traffic gridlock. Please drive safely!
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OBSERVATION SAFE T Y PRECAUTIONS

The total phase of a solar eclipse, when the sky is dark and the corona 

is visible around the Sun, is a beautiful sight. The best way to observe 

the event during these few brief minutes is simply to look directly at this 

glimmering halo in the sky. The corona is a million times fainter than the 

bright disk of the Sun; there is no danger of eye damage when looking 

directly at the corona or the prominences during totality. Binoculars may 

reveal even finer detail, but most observers agree that the naked eye is the 

best “instrument” for viewing the full glory of the event.

For about an hour before and after the total phase the Sun is only partially 

obscured. This is when it is dangerous to look directly at the Sun. Nor-

mally the Sun is too bright to look at anyway. Humans have an instinctual 

reaction to look away from the bright Sun. But during the partial phases, 

the Sun does not appear as bright, and you may be tempted to look directly 

at the Sun. DON’T DO IT! The danger of damaging your eyes does not 

depend on brightness. As long as any portion of the Sun’s disk remains 

visible it can still cause eye damage.

The lenses of your eyes act as tiny magnifiers; if you look at the partially 

eclipsed Sun, its rays are focused on the retina of your eyes and can burn 

them. This is the same sort of thing that happens when you use a magni-

fying glass to focus the Sun to a pinpoint on paper or leaves to burn a hole 

in them. The only difference is that it is your eyes that would be burned. 

Part of the danger lies in the fact that the retina is not sensitive to pain; you 

wouldn’t even feel it happening. But a retinal burn is permanent and irre-

versible, producing a blank spot in the most vital part of your field of vision.

Astronomers observe the sun directly through 

professionally manufactured optical filters that 

screen out the hazardous rays of the Sun. But 

unless you are trained in their use, it is not rec-

ommended that you try this method. And you’re 

taking a big chance if you try to improvise your 

own filter. During the March 7, 1970, eclipse in 

the United States there were 145 reported cases 

of people who damaged their eyes by looking 

at the partially eclipsed Sun either directly or 

through sunglasses, exposed film, smoked glass, 

and the like. None of these homemade devices 

can be guaranteed safe. Instead, use profession-

ally manufactured “eclipse glasses” made with 

optical grade film that filters out most of the 

Sun’s rays to protect your eyes from damage 

during the partial phases of the eclipse. Play 

it smart and don’t take any chances with your 

precious gift of vision. And… don’t forget to 

remove your eclipse glasses during the minute or 

two of totality. Otherwise you’ll miss the beauty 

of the solar corona, which is not visible through 

the filter material.
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CAPTURING SOL AR ECLIPSE IMAGES

Taking pictures of a total eclipse can be as simple as aiming your cell 

phone camera and pushing the button, or as complex as using sophisticated 

cameras mounted on telescopes driven by motors. You’re not likely to get 

good results with the first method, but you needn’t go all the way to the 

other extreme to produce some satisfying pictures of the corona during 

totality. The whole field of photography is filled with technical details. The 

discussion here is intended only as an overview – enough basic information 

to let you decide if you want to get more details from some of the sources 

listed as References at the end of the book.

The main problem in using a cell phone or pocket camera to photograph 

the corona is the short focal length of the lens. Pictures taken with these 

types of cameras produce a very small image of the black disk of the 

eclipse. (You can test this in advance by taking a photo of the full Moon; 

the small image is not very satisfying.) A camera with a lens of greater focal 

length will produce better results. For example, a 600mm lens will produce 

a circular image about 1/4 inch in diameter. This is a good fit for 35mm 

film or for a digital SLR camera, and gives you some leeway for errors in 

centering the image. There are also telephoto lenses that attach to a cell 

phone camera. It’s a good idea to mount your camera on a tripod and to 

bracket exposure times from 1/500 second to 2 seconds; for exposures 

longer than 2 seconds for this size lens you should use an equatorial drive 

mount. (This device is explained in astrophotography references.). And 

there is no need for any camera filters during totality.

To shoot the partial phases of the eclipse you’ll need to use a filter or two 

to produce the equivalent of a 5.00 neutral density filter. Be sure you don’t 

try to look at the Sun through these filters; they are designed for photo-

graphic use only and are not safe for your eyes. And don’t look through the 

viewfinder at the partially eclipsed Sun. A good subject for a camera lens of 

shorter focal length is a multiple exposure of the complete sequence of the 

eclipse from first to fourth contact. Use the filters for exposures of the par-

tial phases every 5 or 6 minutes, and take one exposure of totality with the 

filters removed. Be sure that your camera is securely mounted and that you 

don’t knock it out of position during the two hours or so you have it set up.

There are some good photo subjects during an eclipse other than the Sun 

itself. You may want to try to capture shadow bands on high-speed film 

using short exposures. But don’t feel too disappointed if they elude your 

camera; they have proven very difficult to photograph, and they aren’t 

visible at every eclipse. The crescent images of the partially eclipsed Sun 

seen in the shadow of a tree can make a good picture. Or you may want to 

try sequence of shots showing the darkness of the landscape before, during, 

and after totality.
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Shooting video of the eclipsed Sun will not add 

much drama, since there is no perceptible move-

ment of the corona or other objects in the sky 

during totality. You might want to have a video 

camera handy in case you happen to experience 

shadow bands, which do show movement. Also, 

if you have an elevated vantage point with a 

view to the west, you may be able to capture a 

few frames of the onrushing shadow as it sweeps 

across the landscape toward you in the last few 

seconds before totality. Perhaps the best sugges-

tion for taking video is to capture the excitement 

of others before and after the eclipse. Use the 

time during totality to simply take in and enjoy 

the spectacle.

If you’re interested in solar eclipse photography, 

check the References section for more detailed 

sources of information. Or you may want to get 

in touch with a local amateur astronomy group; 

there you can swap ideas with people who have 

learned from experience. But whatever your 

attempts to photograph an eclipse, don’t get so 

lost in your camera that you forget to look up at 

the corona – a sight whose beauty no camera can 

reveal nearly as well as the human eye itself.

Observing totality is a way of experiencing 

not just these brief events but a larger sense of 

our solar system as well. Being in the path is 

a unique way of becoming part of this perfect 

alignment of the Sun, the Moon, and the Earth. 

Few ever forget the experience of totality.

Right: This dramatic image is a 

composite of several different photos 

take at 5-minute intervals during 

the total solar eclipse on June 21, 

2001 in Zambia.

How to Observe an Eclipse 77







THE E XPERIENCE OF AWE

In the past few decades, scientists have begun in earnest to study the 

emotion of “awe” – that “Oh, wow!” feeling you get when you see a beau-

tiful sunset, hold a newborn baby, or hear Beethoven’s Fifth Symphony 

performed live. Awe takes you out of your ordinary day-to-day conscious-

ness and generates a new open-mindedness and sense of reverence. Awe is 

exhilarating. Awe is inspiring. Awe is, well … awesome.

Eclipse chasers know all about awe. It’s what drives them to travel the globe 

seeking the chance to see totality again … and again … and again. Some dedi-

cated (addicted?) umbraphiles have seen twenty or more total solar eclipses.

What is it about this phenomenon that induces awe? At the center of the 

experience is the magnificent view of the solar corona. Observers over the 

past several centuries – both scientists and ordinary folks – have described 

the sublime beauty of this sight using phrases such as “euphoric,” “transcen-

dent,” “otherworldly,” and other superlatives. Many say that it is difficult to 

find the words to adequately describe the feelings. Photographs, as striking 

as they may be, do not do justice to actually seeing the corona in person.

The sudden onset of almost total darkness during the middle of the day is 

another awe-inducing part of a total solar eclipse. This unnatural “mid-

night at midday” has a disquieting effect on humans and nature alike. The 

dramatic darkening accelerates in the few minutes before totality until at 

last the Moon’s shadow, moving at more than a thousand miles per hour, 

sweeps across your location on the Earth.

Seeing this motion of the umbra, along with knowing that you are posi-

tioned in perfect alignment with the Moon and the Sun, often gives way 

to a visceral understanding of the vast physical scale of the event. The Sun 

(about 93 million miles away) is casting a shadow of the Moon (about 

240,000 miles away) across a path on the Earth (no more than a few hun-

dred miles wide) where you, a single individual, are standing.

Finally, the rarity of the experience can impart an expanded sense of time 

as you recognize the fleeting nature of the moment. A total solar eclipse 

can serve as a reminder of the arc of one’s lifetime in the context of these 

regular cycles that have been repeating for millions of years.

As a result, a total solar eclipse can provoke very intense feelings of awe. 

Many experience a renewed child-like sense of wonder, not only about the 

eclipse but about the world in general. Indeed, witnessing an event on this 

scale can make you feel very small, and at the same time very connected.

Scientists are able to study the effects of awe by exposing people to some 

of the other, more usual sources of awe such as music, the arts, panoramic 

nature views, and the generosity of strangers. They are finding that awe 

affects us in specific ways. On a physiological level, awe seems to suppress 

both the sympathetic nervous system (the “fight/flight” response) as well as 

the parasympathetic nervous system (the “rest/digest” response). Inter-

estingly, humans experience this same pleasant combination of nervous 
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system responses – described as a calm yet energized state – in the moments 

after intense exercise, for example. We also know that awe stimulates the 

release of dopamine, a neurotransmitter chemical associated with the 

rewards of novelty and pleasure. 

From a cognitive point of view, awe promotes more open-mindedness, 

allowing us to view things in new and unexpected ways. And the feeling of 

smallness generated by awe can lead to more “prosocial” behaviors such as 

cooperation and empathy. 

With all these benefits – pleasant feelings, openness, a sense of connected-

ness – it’s no wonder that people seek to repeat the experience, especially on 

the grand scale of a total solar eclipse.

But there’s another feeling that many experience as totality approaches: 

a primal sense of fear. This is not a feeling that induces fight or flight, 

since today we know that an eclipse is a natural, predictable event. Rather, 

observers describe this feeling – especially near the onset of darkness – as 

an almost subconscious, deep knowing that something is amiss. It’s not 

hard to imagine how members of a primitive society might have been 

terrified by such an extraordinary experience. This primal fear, which is 

nothing to be actually afraid of, can be somewhat unsettling, and can  

actually add to the drama of your personal experience.

If you’ve never seen a total solar eclipse, perhaps you will be among the 

millions of people who will get the chance on Monday, August 21, 2017. 

Most Americans will see only the partial phases and afterwards wonder, 

“What’s the big deal?” But if you position yourself in the path of totality 

and are fortunate enough to have clear skies, you will be rewarded with an 

unforgettable experience of awe.

 “The perfect golden ring of light with a blazing jewel set in it was a sight 
that will never be forgotten … [T]he great lesson of the eclipse to the masses 
of those who saw it is that one little unusual phenomenon in the skies makes 
us realize how closely akin we all are in this common planetary boat out on 
an ethereal sea that has no visible shores.”

– The New York Times, January 25, 1925

How to Observe an Eclipse 81



ECLIPSE : Epilogue82



EPILOGUE

T h e  Fu t u r e

83The Future



Tota l  So la r  Ec l ipses (2017-2061)

Date

Maximum 
Duration 
(min:sec)

Maximum 
Width 
(miles) Path of Totality

2017 AUG 17 2:40 71 United States (from Oregon to South Carolina)

2019 JUL  2 4:32 124 S. Pacific Ocean, Chile, Argentina

2020 DEC 14 2:10 56 Chile, Argentina

2021 DEC  4 1:54 260 Antarctica

2023 APR 20* 1:16 30 Indonesia

2024 APR  8 4:28 122 Mexico, United States, Canada

2026 AUG 12 2:18 182 Greenland, Iceland, Spain

2027 AUG  2 6:22 160 Gibraltar, N. Africa, Saudi Arabia

2028 JUL 22 5:09 143 Indian Ocean, Australia, New Zealand

2030 NOV 25 3:43 105 S. Africa, Indian Ocean, Australia

2031 NOV 14* 1:08 24 Pacific Ocean

2033 MAR 30 2:37 485 Alaska, Arctic Ocean

2034 MAR 20 4:09 99 Central Africa, Middle East

2035 SEP  2 2:54 72 China, N. Korea, Japan, Pacific Ocean

2037 JUL 13 3:58 124 Australia, New Zealand

2038 DEC 26 2:18 59 Australia, New Zealand

2039 DEC 15 1:51 236 Antarctica

2041 APR 30 1:51 44 Angola, Congo, Uganda, Kenya, Somalia

2042 APR 20 4:51 130 Sumatra, Borneo, Philippines

2043 APR 9 (Umbra barely grazes Siberia)

2044 AUG 23 2:04 281 Greenland, Western Canada, Montana, North Dakota

2045 AUG 12 6:06 159 U.S. (CA to FL), Hispaniola, NE coast of S. America

2046 AUG 2 4:51 130 Eastern tip of Brazil, Angola, Botswana, S. Africa

2048 DEC 5 3:28 100 Chile, Argentina, Namibia

2049 NOV 25* 0:38 13 Saudi Arabia, Yemen, Indian Ocean, Indonesia

2050 MAY 20* 0:21 16 South Pacific Ocean

2052 MAR 30 4:08 102 Mexico, Louisiana, Florida, Georgia, South Carolina

2053 SEP 12 3:04 72 North Africa, Saudi Arabia, Yemen, Sumatra

2055 JUL 24 3:17 125 South Africa

2057 JAN 5 2:29 63 South Atlantic Ocean, Indian Ocean

2057 DEC 26 1:50 220 Antarctica

2059 MAY 11 2:23 59 Pacific Ocean, Ecuador, Peru, Brazil

2060 APR 30 5:15 138 Africa, Middle East, China

2061 APR 20 2:37 347 Svalbard, Barents Sea, Russia, Kazakhstan

* Hybrid (annular-total) eclipse

Eclipses show in bold are in the same saros series that includes August 21, 2017.
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THE FUTURE

The eclipse on August 21, 2017 is the first one visible from the continental 

United States in more than 38 years. The previous event was the total solar 

eclipse of February 26, 1979 that crossed Washington, Oregon, Idaho,  

Montana, North Dakota, and parts of Canada. The next total solar eclipse 

visible from the United States occurs on April 8, 2024.

Thirty-eight years without a total eclipse over the continental U.S. is unusu-

al. But there are also times of plenty. In the 38 years between 1594 and 1632 

there were eight total eclipses visible from the U.S. or Canada. And in the 

23rd century, six total eclipses will be visible from the United States in the 

years 2245, 2252, 2254, 2259, 2261, and 2263 – a busy 18 years.

Total eclipses will continue to occur on the Earth at the predictable rate of 

about once every year and a half. The 44-year period from 2017 to 2061 

provides 34 chances to view totality. (This includes total and annular-total 

eclipses.) If you were to position yourself on the Earth at the point of max-

imum eclipse for each of these events, and you were blessed with clear skies 

during totality, you could spend 102 minutes in the shadow of the Moon. 

That’s an average of about 2½ minutes per year under optimal conditions. 

This extreme rarity of totality, coupled with its visual beauty and true  

cosmic grandeur, makes it one of the most exquisite natural experiences  

available on planet Earth.

Our Sun and Moon have planned a number of interesting opportunities for 

us to experience totality in the next four decades. Some paths cross highly 

populated areas. Others touch the Earth in exotic vacation spots. Still others 

only graze remote ocean regions. At each appointed rendezvous, the Moon’s 

shadow is sure to be there. Perhaps you will be there, too.
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NOTABLE FUTURE ECLIPSES

July 2, 2019: If the 2017 eclipse has turned you into an eclipse-chaser, your next chance is about two 

years later in South America, where it’s winter in July. Most of this path is over the Pacific Ocean. But 

it ends at sunset just a few miles outside Buenos Aires, where you might see the dramatic view of the 

eclipsed Sun slipping below the horizon.

April 8, 2024: Another North American total eclipse only seven years later! This 120-mile wide shad-

ow – with as many as four minutes of totality – comes ashore at Mazatlán, Mexico, and moves to the 

northeast where in Texas, the cities of Austin, Ft. Worth, and Dallas lie with the path. The shadow 

continues across Arkansas, Missouri, and southern Illinois. Here it intersects the previous path of 

the 2017 eclipse, with Carbondale, Illinois near the centerline again. The shadow moves on to cover 

some major cities, including Indianapolis, Cleveland, Buffalo, and Montreal, and then after crossing 

Newfoundland, heads out to end in the middle of the North Atlantic Ocean.

August 12, 2026: An unusual eclipse track that actually moves westward near the North Pole before 

swinging southeast over Greenland, Iceland, and Spain. Reykjavik, Madrid, and Barcelona are near 

the edge of the path, and Palma de Mallorca is near the centerline just before sunset.

August 2, 2027: This the longest total solar eclipse in the remainder of the 21st Century, with a max-

imum of 6 minutes and 23 seconds of totality. The shadow races east from the Atlantic Ocean direct-

ly over the Strait of Gibraltar, where the path is about 150 miles wide. It sweeps along the southern 

Mediterranean coast, and crosses the Nile Valley at Luxor, very close to the point of maximum eclipse. 

Here the Sun is at an altitude of more than 80 degrees, almost directly overhead. At this time of year 

in this part of Egypt, the chances for clear skies during the eclipse are extremely high, an almost near 

certainty. This fact, combined with the long duration and tourist attractions of Luxor, will make this 

a popular travel destination on this day. About 20 minutes after crossing Luxor the shadow engulfs 

Mecca in Saudi Arabia, and then passes over Yemen and the tip of the Horn of Africa before moving 

out to sea in the Indian Ocean.

July 22, 2028: This, another long eclipse, passes from one end of Australia to the other, including 

Sydney in mid-afternoon, which is right on the centerline. Near sunset, the path crosses Dunedin on 

South Island, New Zealand. Earlier that morning, in the Indian Ocean, the umbra passes over the 

tiny Cocos Islands and Christmas Island, both territories of Australia.

November 25, 2030: A late spring eclipse in the morning over southern Africa. The shadow crosses 

Windhoek, the capital of Namibia, and Durban on the South African coast. Then, after traversing the 

Indian Ocean, the eclipse ends later in the day in South Australia and Queensland.

March 20, 2034: This eclipse track first touches land near Lagos, Nigeria, and sweeps northeast 

across Chad, Sudan, and the southwest corner of Egypt, including the upper reaches of Lake Nasser. 

The path then crosses Saudi Arabia (just missing Medina) and continues across Iran, Afghanistan, 

and Pakistan (Islamabad is on the centerline), finishing at sunset in western China.

September 2, 2035: This eclipse – the next in the saros series containing the August 21, 2017 event 

– begins in western China, and the Moon’s shadow reaches Beijing at mid-morning. The track then

passes over North Korea, including the capital Pyongyang, but misses Tokyo by about 15 miles.
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July 13, 2037: A great “down-under” eclipse that crosses the continent of Australia, passing directly 

over the massive sandstone monolith of Uluru (Ayers Rock) just before noon, where you can experience 

3 minutes 11 seconds of totality. New Zealand’s North Island is also in the path just before sunset.

December 26, 2038: Seventeen months later another “down-under” eclipse crosses both Australia 

and New Zealand again. The eclipse track passes between Sydney and Melbourne, and just misses 

Wellington, the capital of New Zealand.

April 30, 2041: This path crosses two African capitals – Luanda, Angola and Kampala, Uganda – as 

well as parts of the Democratic Republic of the Congo, Kenya, and Somalia. Unfortunately, it occurs 

at the height of East Africa’s rainy season, dashing hopes for clear skies or a safari side trip.

August 23, 2044: For this event, the eclipse track moves westward over Greenland and Nunavut 

before swinging south over western Canada, ending at sunset in Montana and North Dakota. This 

eclipse is the next in the saros series that includes the August 12, 2026 eclipse that has a similarly 

shaped track 18 years earlier.

August 12, 2045: Another grand American eclipse that sweeps across the United States from North-

ern California to Florida, crossing the cities of Redding, Reno, Salt Lake City, Colorado Springs, 

Oklahoma City, Jackson (MS), Montgomery, Tampa, Orlando, and Miami. The greatest duration of 

the eclipse – 6 minutes and 6 seconds – happens at Port St. Lucie on Florida’s Atlantic seaboard. The 

path continues across the Bahamas, Hispaniola, and the northeast coast of South America, including 

the mouth of the Amazon River.

August 2, 2046: This eclipse begins at sunrise on the east coast of Brazil and takes all morning 

to cross the Atlantic, making landfall in Angola where maximum totality lasts 4 minutes and 51 

seconds. The path continues to the southwest, crossing Botswana, South Africa, and Swaziland. The 

eclipse makes a dramatic exit at sunset in the southern Indian Ocean as seen from the small, extreme-

ly remote Kerguelen Islands, a French territory also known as the Desolation Islands.

March 30, 2052: The Mexican resort town of Puerto Vallarta welcomes the shadow of the Moon as it 

crosses inland from the Pacific Ocean. The path continues to the northeast, barely touching Browns-

ville, Texas and the tip of Louisiana’s bayou country. It makes landfall again at Panama City, Florida, 

and passes across Savannah and Charleston before ending in the Atlantic.

September 12, 2053: This path is remarkably similar to the event on August 2, 2027, crossing from 

the Strait of Gibraltar to Yemen, although this time Luxor and Mecca each fall just outside the path of 

totality. This eclipse ends at sunset on the island of Sumatra.

July 24, 2055: On this day the eclipse path crosses land only at the tip of South Africa, just missing 

Cape Town by about 20 miles.

April 30, 2060: Another dramatic sunrise eclipse starting on the east coast of Brazil, and then cross-

ing Africa through Ivory Coast, Ghana, Niger, Libya, and the northeast corner of Egypt. The entire 

island of Cyrus is in the path, which later crosses Turkey, the Caspian Sea, and four “stan” countries 

of the former Soviet Union (Turkmenistan, Uzbekistan, Kazakhstan, and Kyrgyzstan).
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The two human figures represent typical earthlings. Their size is shown in comparison 

to an outline of the Pioneer 10 spacecraft in the background. The two circles at the top 

represent atoms of hydrogen, the most abundant element in the universe. The starburst 

pattern shows the direction and distances to specific stars. At the bottom of the plaque 

are the Sun and the planets. Pioneer 10 is shown on its path leaving Earth, swinging by 

Jupiter, and passing forever beyond our solar system.

We have come a long way from stone monuments to interplanetary space probes.  

Yet our fascination with the Sun, the Moon, the stars, and the planets remains. Early 

attempts to understand the heavens were based on astrology: the supposed prediction 

of earthly events based on the positions of the planets. It was against this background 

that modern astronomy has evolved. As we increase our knowledge of the universe 

and understand more how everything is related, new patterns of reality will emerge. 

That is the destiny of science. Our expansion into the solar system is already bringing 

us exciting new views of other planets and other moons. But none of these planets or 

moons can produce an eclipse like we see here on Earth; this perfect matching of our 

lunar and solar disks is unique in the solar system. It’s this remarkable coincidence in 

time and space that gives us this experience we call a total eclipse of the Sun.

Above: William Blake’s “The Serpent Temple,” from Jerusalem (1820).
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GLOS SARY

altitude – the angle (in degrees) above the level horizon where an object 

in the sky appears. (The object's azimuth is also needed to pinpoint its 

position.)

annular eclipse – a solar eclipse that occurs when the apparent size of 

the Moon is not great enough to completely cover the Sun.  A thin ring of 

sunlight can be seen around the black disk of the Moon.

annular-total eclipse – a solar eclipse that has both annular and total 

phases.  (Also called a central eclipse or hybrid eclipse.)

anomalistic month – the time it takes for the Moon to travel from apogee 

to perigee and back again (about 27.6 days).

aphelion – the point in the Earth's orbit that is farthest from the Sun.  

Currently the Earth reaches aphelion in early July.

apogee – the point in the Moon's orbit that is farthest from the Earth.

ascending node – the point in the orbit of the Moon where it passes from 

below the ecliptic plane to above (see node).

Aubrey holes – the 56 chalk-filled holes (named for John Aubrey) that 

mark the outer ring of Stonehenge.  These holes may have served as 

"counters" to help in marking the cycles needed to predict eclipses.

azimuth – the compass direction (in degrees) where an object in the sky 

appears. (The object's altitude is also needed to pinpoint its position.)

Baily's beads – the effect seen just before and just after totality when only 

a few points of sunlight are visible at the edge of the lunar disk.

BCE – Before the Common Era, a newer, more widely accepted 

abbreviation for dates previously denoted as B.C.

canon – in ancient times, an historical record of events.  In modern 

astronomy, a canon is a listing of celestial events, such as eclipses, over a 

period of time.

central eclipse – in some references, a central eclipse refers to an eclipse 

that has both annular and total phases.  (See annular-total eclipse.)

chromosphere – the lower atmosphere of the Sun that appears as a thin 

rosy ring around the edge of the solar disk during a total eclipse.

contact – one of the instances when the apparent position of the edges 

of the Sun and the Moon cross one another during an eclipse. They are 

designated as first contact, second contact, third contact, and fourth 

contact.

corona – the upper atmosphere of the Sun that appears as a halo around 

the Sun during a total eclipse.
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descending node – the point in the orbit of the Moon where it passes from above the ecliptic plane to 

below (see node).

draconic month – the time it takes for the Moon to return to a node (about 27.2 days).

eclipse – the alignment of celestial bodies so that one is obscured, either partially or totally, by the other.

eclipse season – the period of time when the Sun is near alignment with a lunar node, during which 

eclipses may take place.  For solar eclipses, this time window of 37-½ days occurs every 173 days.

eclipse year – the length of time it takes for a lunar node to return to its original alignment with respect 

to the Sun (about 346.6 days).

ecliptic – the plane of the Earth's orbit around the Sun.  As seen from the Earth, the Sun appears to 

move across the ecliptic during one year.

equinox – either of the two days when the periods of daylight and darkness are of equal length.  The 

vernal equinox is usually March 21; the autumnal equinox is usually September 23.

first contact – the beginning of a solar eclipse marked by the edge of the Moon first passing across the 

disk of the Sun.

fourth contact – the end of a solar eclipse marked by the disk of the Moon completely passing away 

from the disk of the Sun.

heel stone – the large upright boulder (or menhir) at Stonehenge that is aligned with the summer solstice 

sunrise.

hybrid eclipse – a solar eclipse that has both annular and total phases. (See annular-total eclipse.)

latitude – distance on the Earth (measured in degrees) north or south of the equator.

longitude – distance on the Earth (measured in degrees) east or west from a reference line, usually the 

line running between the poles passing through Greenwich, England.

lunar eclipse – the passage of the Moon into the shadow of the Earth, always occurring at a full Moon.

negative shadow – the extension of the umbra of an annular eclipse that delineates the path from which 

observers may see the ring of Sun of the annular eclipse.

node – the two points where a tilted orbit intersects a geometrical plane.  The Moon's orbit intersects the 

ecliptic plane at the ascending node and the descending node.

partial eclipse – an eclipse during which only the partial shadow touches the Earth (for a solar eclipse) 

or the Moon (for a lunar eclipse).

penumbra – the part of a shadow (as of the Moon) within which the source of light (the Sun) is only 

partially blocked out. Compare: umbra.

perigee – the point in the orbit of the Moon that is closest to the Earth.

perihelion – the point in the orbit of the Earth that is closest to the Sun.  Currently the Earth reaches 

perihelion in early January.
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prominence – a large-scale gaseous formation above the surface of the Sun.

regression – the movement of points in an orbit in the direction opposite from the 

motion of the orbiting body.  For example, the Moon travels from west to east, but its 

nodes are regressing from east to west.

saros – the eclipse cycle with a period of 223 synodic months, or 6,585.32 days (18 years 

and about 11 days).

second contact – the beginning of the total phase of a solar eclipse marked by the 

leading edge of the Moon first completely obscuring the Sun.

shadow bands – faint ripples of light sometimes seen on flat, light-colored surfaces just 

before and just after totality.

solar eclipse – the passage of the new Moon directly between the Sun and the Earth 

when the Moon's shadow is cast upon the Earth.  The Sun appears in the sky either 

partially or totally covered by the Moon.

solstice – the day when the noontime Sun is either highest in the sky (summer solstice is 

June 22) or lowest in the sky (winter solstice on December 22).

spectroscope – a scientific instrument that breaks light into its component wavelengths 

for measurement.

sunspot – a magnetic disturbance on the Sun that appears as a dark blotch on its 

surface.

synodic month – the time from one full Moon to the next (about 29.5 days).

third contact – the end of the total phase of a solar eclipse marked by the trailing edge 

of the Moon first revealing the Sun.

total eclipse – an eclipse during which the Moon’s umbra touches the Earth (for a solar 

eclipse) or the Earth’s umbra completely engulfs the Moon (for a lunar eclipse).

totality – the period during a solar eclipse when the Sun is completely blocked by the 

Moon. (Totality for a lunar eclipse is the period when the Moon is in the complete 

shadow of the Earth.)

umbra – a complete shadow (as of the Moon) within which the source of light (the Sun) 

is totally hidden from view. Compare: penumbra.

Universal Time (UT) – a time standard based on the rotation of the Earth. UT is a 

modern version of Greenwich Mean Time (GMT), the mean solar time on the Prime 

Meridian at Greenwich, London, UK.

zodiac – the division of the ecliptic into twelve equal parts; each of these parts or "signs" 

is identified by a name and symbol.
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The Sun and the Moon are dancing 
circles in the sky. 
The shadow is advancing, 
the dragon passes by. 
And in the darkest moment 
in the soul’s dark night, 
Great Mystery reveals itself 
and the darkness turns to light.
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