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• Find out when and where totality will be
• Discover more about our favorite star

get ready for an

eclipse
encounter



Welcome to the 
summer issue of 
Sky’s Up, a special 
issue concentrating 
on the forthcoming 
total eclipse of the 
Sun. Most people 
have never seen a 
total eclipse, but I 
rather suspect that 
some of you have 
seen a partial eclipse, 
even a deep one 
during which the Sun 
slowly becomes a 
thin crescent.
Is there a difference between a deep 

partial eclipse, even a 99 percent 
eclipse, and one that is total? Indeed 
yes, a great big one. All the difference 
in the world, in fact. 
If the eclipse is almost total, like 

99 percent, the Sun will become that 
thin crescent, even perhaps a crescent 
reduced to a line of sunlight, and you 
may even see the dark shadow of the 
Moon approach from the west. As the 

shadow rushes by, the line will shift 
rapidly around the Sun, then expand 
again into a crescent and finally the 
full Sun we know.
If the eclipse is total, then the dark 

shadow passes right over you. The line 
of sunlight shrinks to a series of spots, 
called Bailey’s Beads — named after 
Francis Bailey who first saw them 
during the eclipse of 1836. Within a 
few seconds all but one of the beads 
shrinks, starbursts and disappears. 
That one point of light is all that’s left 
of the Sun. It is not surprising that 
we call that the diamond ring. At the 
same instant, the sun’s corona—the 
outer atmosphere of the Sun — bursts 
forth. The only time we can ever see 
the corona is during a total eclipse of 
the Sun. 
The total eclipse of May 17, 1882, 

offered something extra. There was a 
beautiful corona, plus a bright streak 
that was almost certainly a comet! 
Informally named Tewfik, this comet 
just happened to be rounding the Sun 
at the moment of totality and was 

observed then. It was never seen again.
This issue offers articles and 

photographs that will help you 
observe this eclipse and photograph it. 
However, especially if you have never 
seen an eclipse before, please heed 
this advice: At the moment of total 
eclipse, please put your camera down, 
and look up. The moment of totality 
is the only time it is safe to look at 
the Sun without any eye protection. It 
also offers all of us the chance to stare 
in wonder at one of Nature’s most 
thrilling spectacles.
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Explore Scientific staffers and their families 
take a mid-day break to get a glimpse at 
the Sun through the company’s safe solar-
filtered Sun Catcher viewing glasses.
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A David 
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Experience totality!

inside

Over decades of observing, David Levy has discovered or co-discovered a total of 23 comets. His prolific record includes the joint 
discovery of Shoemaker-Levy 9, which quickly went on to dramatically crash into Jupiter in 1994, and the individual discoveries of two 
periodic comets – P/1991 L3 and P/2006T1 – through his backyard telescope. In 2010, Levy became the first person to have discovered 
comets in three ways - visually, photographically and electronically. Beyond his observation achievements, Levy has authored, edited or 
contributed to more than 30 books and has periodically provided articles for publications like Sky & Telescope and Parade Magazine. 
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Late July - Delta Aquarid
Meteor Shower

With a radiant point in the Aquarius 
Constellation, the Delta Aquarids begin 
their annual amble across the sky in mid-
July, bloom in late-July and fade out in the 
third week of August. They can be seen 
almost everywhere but favor observers in 
the Southern Hemisphere and the tropics 
region of the Northern Hemisphere. This 
year, the Delta Aquarids’ loosely-defined 
peak will occur around July 29th. During 
the peak, the shower can produce 15-20 
meteors per hour. Like other meteor 
showers, the Delta Aquarids are the 
result of Earth’s passage through debris 
left behind by a comet. However, the 
exact source comet for this shower has 
been a matter of debate. The most likely 
candidate is Comet 96P/Machholz, which 
was not discovered until 1986.

 
Aug. 12-13 - Perseid Meteor Shower Peak
Although the waning gibbous moon will 

present some significant interference, the 
always-anticipated Perseid meteor shower 
should still produce some real stunners 
when it peaks around Aug. 12th. Caused 
by the Earth’s passage through debris 
left behind by Comet Swift-Tuttle, the 
Perseids have been known to produce 80-
100 meteors per hour during their peak, 
and many of these display impressive 
persistent trains. The shower does favor 
Northern Hemisphere viewers and occurs 
in the perfect season for a long night of 
languishing under the stars. The best time 
to view will be in the predawn hours well 
after the moon has set. Because the Moon 
will already be presenting a significant light 
battle, observers will want to take extra 
care this year in choosing where to view 
because a dark sky will be vital. 

Aug. 21 - Total Solar Eclipse
The last total solar eclipse to touch any 

part of the contiguous U.S. happened 
on February 26, 1979, and cut a narrow 
path across five states in the country’s 
northwest corner. Now, 38 years later, the 
contiguous U.S. will once again witness a 
total solar eclipse but this time the path 
of totality will stretch from coast to coast 
and cross through 14 states! The eclipse 
begins in the Pacific Ocean and wraps up 
in the Atlantic Ocean, and the U.S. is the 

only place where 
the narrow path of 
totality will actually 
cross over land. 
More information 
on where and 
when you can see 
this epic event is 
spread throughout 
this issue of Sky’s 
Up! 

Sept. 5 - Nepture at 
Opposition 

The fact that 
Neptune was 
first found by 
mathematical 
prediction rather 
than actual 
observation reveals 
how elusive our 
planetary sibling 
can be. But in the 
weeks leading up to 
Sept. 5th, amateur 
astronomers will 
be getting their 
telescopes ready 
for the planet’s 
move into a prime 
viewing position. 
On Sept. 5th, 
the blue-hued 
Neptune will reach 
opposition, which 
means it will sit 
directly opposite 
of the Sun when viewed from our planet. 
Around the same time, it also will be 
making its closest passage to Earth. These 
circumstances translate to an excellent 
observing opportunity. Located in the 
Aquarius constellation, Neptune will be 
highest in the sky at midnight local time 
and will have an apparent visual magnitude 
of 7.8. Although it is the fourth largest 
planet in our solar system, Neptune is not a 
naked eye object. To see it as more than a 
brilliant point of light, you will need to use 
at least a moderate-size telescope, which 
will hopefully render the planet as a steady 
blue disk. 

Oct. 19 - Uranus at Opposition
On Oct. 19, our solar system’s third largest 

planet, Uranus, will be at opposition, which 
means it will essentially be at a position 
directly opposite of the Sun when viewed 
from Earth. At the same time, it will also 
be at its closest approach to Earth. For 
sky watchers, the combination of these 
factors means the planet will be in a prime 
viewing position almost all night, peaking 
at midnight local time. Even though 
Uranus, which will be located in the Pisces 
constellation, will appear at its brightest 
and largest in the night sky during this 
event, naked eye observations will reveal 
little more than a star-like point. To really 
see this remote planet manifest as a pale 
aqua disk, you will need a moderate-sized 
telescope, and a larger scope may reveal 
some of the planet’s many moons. 

what’s up in the sky on the horizon 
Awakening others to the marvels of the 

universe is the most rewarding part of 
astronomy outreach, and some of the 
best places to do that are star parties and 
astronomy expositions. The following is 
a list of upcoming events that promote 
amateur astronomy.

July 18-22 — Table Mountain
Star Party

The annual Table Mountain Star Party 
will run from July 18 through July 22 at 
Eden Valley Ranch near Oroville, Wash. 
In addition to offering speakers and 
stargazing sessions under a dark sky, this 
event will include an observers challenge 
program, telescope making, a swap 
meet, a young astronomer program, 
door prize drawings and more. For more 
information, click here.

July 20-23 — Starfest
Canada’s largest annual amateur 

astronomy conference and star party will 
kick off on July 20 at River Place Park in 
Ayton, Ontario. The theme for this year’s 
event, which is hosted by the North 
York Astronomical Association, is “Fire 
and Ice.” The keynote speaker will be 
renowned eclipse expert Fred Espenak, 
who will share his vast knowledge of the 
upcoming total solar eclipse. There will 
be a wide variety of presentations on 
topics ranging from NASA missions to 
astrophotography, a kidsfest with hands-
on activities, day and night observing 
sessions, workshops on constructing 
solar filters, a swap table, door prizes, 
vendors and much more. For additional 
information, click here. 

July 23-28 — Nebraska Star Party 
Stunning dark skies await attendees of 

the annual Nebraska Star Party, which gets 
under way on July 23 at Merritt Reservoir’s 
Snake Campground in north-central 
Nebraska. The six-day event will include 
nightly observing sessions running from 
dusk until dawn, a three-part beginner’s 
field school designed to introduce 
newcomers to the wonders of amateur 
astronomy, and a children’s program with 
lots of hands-on activities. It also will offer 
observing challenges, an astrophotography 
contest and door prizes. For more 
information, click here. 

Finalize your eclipse plans!!

COURTESY OF Fred Espenak, MrEclipse.com

Time is running out to finalize your observing plans for the total solar eclipse that will cut a 
path across the continental United States on Aug. 21. It has been more than 38 years since 
the United States last experienced a total solar eclipse, so anticipation is high. If you have 
not already, make plans to get to a point on the path of totality that is depicted on this 
graphic. The total phase will last less than three minutes at a prime location, but it is worth 
making the trip to see an epic astronomical event.

COURTESY OF Babak Tafreshi, TWAN (The World at Night)
A meteor appears next to the Milky Way during the Perseid Meteor 
Shower above ancient Native American petroglyph in the Owens Valley of 
the Sierras in Bishop, Calif., on Aug. 11, 2016.  

AUGUST 21st 2017
WATCH The Solar Eclipse!

SHOP NOW

http://www.tmspa.com/index.html
http://www.nyaa.ca/index.php?page=/sf17/sf.home17
http://www.nebraskastarparty.org/
http://mreclipse.com/MrEclipse.html
http://www.twanight.org/newTWAN/photos.asp?ID=3005592
http://www.twanight.org/newTWAN/index.asp
https://explorescientificusa.com/collections/sun-catcher
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constellation corner 

as well. Let’s begin with its nebulae. 
The Lagoon Nebula (Messier 8) is 
Sagittarius’ largest and is best viewed 
with low magnification. Located about 
three finger-widths above the tip of the 
teapot’s spout, this emission nebula 
covers an area that is about 110 by 
50 light years in size and is one of 
only a few star-forming nebulae that 
can be seen by the unaided eye. The 
massive glowing cloud is split by a 

dark lagoon-like rift, which gives it 
its name. Its numerous high points 
include some prominent dark nebulae 
and a nice open cluster. Described 
as a glowing checkmark in the sky, 
Sagittarius’ reddish Omega Nebula 
(Messier 17) is an emission nebula 
15 light years in diameter that is lit 
by an open cluster of about 35 young 
stars. The constellation is also home 
to the popular Trifid Nebula (Messier 

20), a glowing ball that manifests 
dark dust lanes in larger scopes. It is 
a combination of a reddish emission 
nebula, a blue reflection nebula, a dark 
nebula and an open cluster of stars. 
Another nebula of note is the pale 
blue-green Little Gem Nebula (NGC 
6818), which is a planetary nebula 
with an inner elongated shape.
In addition to glorious nebulae, 

the constellation also has some 
worthwhile galaxies to explore. 
The first is the Sagittarius Dwarf 
Elliptical Galaxy, which is one of the 
closest satellite galaxies to our Milky 
Way. Boasting an apparent visual 
magnitude of 4.5, this loop-shaped 
galaxy has at least four globular star 
clusters including the dense Messier 
54, which was the first globular star 
cluster discovered outside the Milky 
Way. Other galactic offerings include 
Barnard’s Galaxy, a barred irregular 
galaxy with an apparent magnitude 
of 9.3 that is best viewed in a big 
telescope with very low power; and 
the Sagittarius Dwarf Irregular Galaxy, 
which is the most distant galaxy that is 
believed to be a member of the Local 
Group.
The Sagittarius constellation is 

brimming with clusters, but one of the 
most outstanding is Messier 22, which 
is also known as the Sagittarius Cluster. 
One of the brightest and nearest 
globular star clusters, M22 can be seen 
by the naked eye under a dark sky but 
is particularly brilliant in a telescope. 
Located northeast of Kaus Borealis, it 
has an apparent magnitude of 5.1 and is 
one of only four known clusters of its 
kind to have a planetary nebula.
A final wonder to explore in “The 

Archer” is the Sagittarius Star Cloud 
(Messier 24). When you observe 
M24, you are looking at a spiral arm 
of our galaxy through a gap in the 
Milky Way’s dust. This is a wonderful 
target for binocular viewing because 
you can see hundreds of stars pop 
within a single field of view. M24 also 
contains two noteworthy dark nebulae 
– Barnard 92 and Barnard 93. 

— Compiled by Patricia Smith
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Sagittarius’ offerings are sure to stun
Home to our Milky Way’s 

galactic center, the Sagittarius 
constellation offers a feast 
of notable stars, nebulae, 
clusters and more that can 
keep your eyepiece filled for 
nights. Covering an 867 square 
degree area of sky, the loaded 
Sagittarius is the 15th largest 
constellation and is visible from 
55° North to 90° South.
Before you delve into the 

bounty of deep sky treasures, 
a star tour is always a good 
way to get acquainted with a 
constellation. Sagittarius is 
commonly identified as the 
“Archer,” so it is fitting that 
the constellation’s brightest 
star – Kaus Australis — anchors 
the celestial character’s bow. 
Although it will take a larger 
scope to resolve it, Kaus 
Australis (Epsilon Sagittarii) 
is a binary star system that has 
a blue giant with an apparent 
visual magnitude of 1.79 as its main 
component. The two other stars that 
define the bow are Kaus Media (Delta 
Sagittarii), which is a multi-star 
system made up of a giant and three 
dim companions, and Kaus Borealis 
(Lambda Sagittarii), an orange giant 
with an apparent visual magnitude of 
2.82 that lies very close to the ecliptic.
In addition to rendering the Archer’s 

bow, these three stars are part of the 
eight that form the constellation’s 
famous Teapot Asterism. Kaus 
Borealis marks the point of the 
teapot’s lid, while Kaus Australis and 
Kaus Media define the body of the 
teapot along with Zeta Sagittarii, a 
binary star system with a white giant 
primary, and Phi Sagittarii, a giant 
with an apparent visual magnitude 
of 3.17. At the tip of the teapot’s 

spout lies Gamma Sagittarii, a binary 
system with an orange giant that also 
acts as the tip of the archer’s arrow. 
The two stars that outline the handle 
of the teapot are Sigma Sagittarii, a 
fast rotating dwarf that is the second 
brightest star in the constellation, and 
the orange giant Tau Sagittarii.
About 120 light years away, Tau 

Sagittarii’s fame extends beyond its 
place in the teapot. It is actually the 
closest visible star to the origin of 
the Wow! Signal, which was the first 
and only narrowband radio signal 
ever received that met the criteria 
for possible communication from an 
extraterrestrial intelligence source. 
Detected on August 15th, 1977, at the 
Big Ear Radio Observatory in Ohio, 
the signal lasted for 72 seconds but 
has not been detected since. It got its 
name because when he discovered it, 

SETI researcher Jerry Ehman circled 
the evidence on a computer printout 
and wrote “Wow!” next to it in big red 
letters.
Sagittarius is also the home of the 

Pistol Star, which is one of the most 
luminous stars known. Obscured to 
the naked eye by the interstellar dust 
of the Pistol Nebula, this variable 
hypergiant will pop out as a bright 
blue stunner when viewed through a 
telescope. Other stellar sights include 
Eta Sagittarii, a multi-star system 
with a red giant irregular variable, 
Alpha Sagittarii, a blue dwarf with an 
apparent visual magnitude of 3.96, 
Beta Sagittarii, which is actually a pair 
of star systems, and Ross 154, a red 
dwarf flare that is one of the closest 
stars to our Sun.
In addition to its bounty of stars, 

Sagittarius is rich in deep sky targets 

COURTESY OF Ray Bureau
The Lagoon Nebula is one of the standout deep sky treats in the Sagittarius Constellation. It covers an area 
that is about 110 by 50 light years in size and is one of only a few star-forming nebulae that can be seen by 
the unaided eye. Astrophotographer Ray Bureau used an Explore Scientific ED127 f/7.5 refractor telescope 
and an unmodded Canon EOS 70D to get this image.

COURTESY OF Chuck Kimball

COURTESY OF Chuck Kimball
Above, astrophotographer Chuck Kimball of Julian, Calif., captured this beautiful image of Barnard’s 
Galaxy – a barred irregular galaxy in Sagittarius. To get this image, Kimball used Explore Scientific’s 
ED127 f/7.5 refractor telescope and a Canon XT/350d camera modified with a Baader type 1 filter. 
Below, Kimball used Explore Scientific’s David H. Levy Comet Hunter telescope to get this stunning 
image of the Sagittarius Star Cloud, which is also known as Messier 24.



The Final Frontier, 
as Star Trek fans 
christened the realms 

beyond Earth, appears as a 
vast, quiescent, landscape. 
Sure, solar system bodies –the 
frequent targets of amateur 
astronomers – slide around the 
sky. But only slowly. You can 
watch the moons of Jupiter 
orbit their gassy master, but it 

takes an hour or more 
to see much change 
in position. And yes, 
during a solar eclipse 
or a stellar occultation, it’s possible 
to witness in real time the relentless 
parade of the moon around our planet. 
But again, it’s poky.
The slow-motion gait of the heavens 

led our ancestors to assume that the 
universe was unchanging, an idea that 
was probably bolstered by the fact that 
the night sky is silent. We instinctively 
sense that if there’s no noise, there’s no 
action. 
But it’s all an illusion, of course. The 

universe is no more static than the 
continents. Everyone who’s ever taken 
an astronomy course knows there’s 
plenty of systematic change, as space 
expands and galaxies appear to recede. 
Important, but slow. 
However, in the limited confines of 

stellar systems, sudden and violent dramas can 
occur. And occasionally do.
In October 1604, a new star (or nova) appeared 

in the constellation Ophiuchus. This was the 
topic of polite dinner conversation in Europe for 
weeks, as no one had either expectation of, nor 
explanation for, this strange light in the sky. It 
was as wondrous as a new comet.
However, even a nova – a star that dramatically 

brightens – takes many hours to do its thing. 
Today, we know there is far faster action above 
our heads. For example, black holes not only 
form, but occasionally collide. Such exotic 

head-ons seem to be the cause of the several 
gravitational wave events detected by the Laser 
Interferometer Gravitational-Wave Observatory. 
The time it takes black-hole pairs to merge 
is no more than an eye blink – a few tenths 
of a second. The impact ripples space, and 
eventually, after billions of years, shakes the 
mirrors of LIGO.
An entirely new type of transient object, Fast 

Radio Bursters (FRBs), was found by radio 
astronomers only a decade ago. They belch 
powerful radio blasts into space and last less 
than a second. While no one knows for sure 
what causes these brief eruptions, they too could 
be manifestations of colliding neutron stars or 
black holes.
We are often surprised by such celestial 

“bumps in the night.” This is probably because 
we don’t expect anything that’s big – and much 
of the stuff in the cosmos is big – to change very 
quickly. It’s also true that historically, a lot of 
observational astronomy has had to deal with 
the faintness of stars and nebulae by means of 
time exposures. If your camera shutter is open 
for 10 minutes while imaging a glowing nebula, 
you’re not going to notice anything that takes 
place very quickly.
That’s changing. There’s a trend in astronomy 

research to explore what’s come to be known 
as the “transient universe.” The Large Synoptic 
Survey Telescope as well as the Square 
Kilometer Array are instruments designed to 
be attuned to cosmic events that are sharp and 
quick. Once they come on-line, you can bet 
they’ll uncover surprising new phenomena.
For our ancestors, the heavens were peacefully 

serene – indeed, that’s almost the definition 
of “heavenly.” But in fact, it seems that the 
universe is more like a Roman arena – an 
enormous ground for intermittent, violent 
action. 
Are the skies beautiful and alluring? Of course. 

But so was Mata Hari.
o o o

Dr. Seth Shostak is the Senior Astronomer and 
Director of the Center for SETI Research at the 
SETI Institute.

by Seth 
Shostak
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Looks can be deceiving

The slow-motion 
gait of the heavens 

led our ancestors 
to assume that 

the universe was 
unchanging, an idea 

that was probably 
bolstered by the 

fact that the night 
sky is silent. We 

instinctively sense 
that if there’s no 
noise, there’s no 

action. But it’s all an 
illusion, of course.  
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rising star

I became interested in 
astronomy about four years 
ago when I moved to Virginia. 
My father knew I loved science, 
so he introduced me to the 
Roanoke Valley Astronomical 
Society. He took me to the 
organization’s outreach events 
to get me started. 
Most of the events are geared 

towards little kids to get them 
interested in science. We have 
several games set up that 
teach rudimentary astronomy. 
I was so enthused about 
teaching the kids, I began 
attending more and more 
RVAS meetings so that I could 
learn more about what I was 
teaching.

When and why did
you become interested 
in astronomy?

For each outreach event, we (other RVAS members and I) typically have three or four activities for 
the young visitors to enjoy. My main job is to run a planetary sorting game. We have cards with the 
names and pictures of each planet on them, as well as miniature replicas of each planet. The kids 
must sort those cards based on the order of the planets, and then try to determine which planet 
replica goes with each card based on its size relative to the other replicas. I help the kids sort the 
planets by teaching them a little mnemonic: My Very Excellent Mother Just Served Us Nachos!

What kind of outreach activities are you involved in?

The most rewarding part of doing astronomy outreach is getting to see so many kids who are 
interested in science. It’s wonderful seeing all the young minds want to learn and explore the 
world.

What is the most rewarding part of doing astronomy outreach?

Our most popular activity would have to be the scales. We have several scales that show how 
much a person would weigh on a different planet. We also have one for the Moon and even a 
comet. We put these right out front to attract the attention of passersby. Everyone, adults and 
children alike, gravitate towards these scales. The children love the Jupiter scale, but their parents 
prefer the comet scale.

What activities and sights generate the most excitement from your audience 
when you are doing outreach?

Science enthusiast finds 
ideal outlet in outreach

Astronomy activist

At just 18 years old, Sierra Bradley has already received an 
impressive astronomy accolade for her work as a volunteer 
outreach educator.
Earlier this year, the Astronomical League named Bradley as 

the winner of its 2017 Horkheimer/Smith Youth Service Award 
in recognition of her tireless efforts to bring people into the 
astronomy fold.   
Bradley embarked on her outreach path a few years ago through 

the Roanoke Valley Astronomical Society. The organization’s 
events provided the perfect way to share her longtime love 
of science with others, and she embraced the opportunities 
wholeheartedly. 
Although recognition was never her motivation, her dedication 

sparked RVAS President Dan Chrisman to nominate Bradley for 
the esteemed award. 
“Sierra Bradley is an excellent role model and exceptionally 

mature for her age. She is very comfortable during astronomy 
outreach interacting with those four years old to 84 years 

old,” Chrisman said. 
“The Roanoke Valley 
Astronomical Society and 
the Astronomical League are 
pleased to have her as a very 
active member and quite 
excited as she begins the next 
phase of her studies.”
In addition to a cash 

prize, the award included 
an invitation to speak at 
the renowned Northeast 
Astronomy Forum in 
Suffern, N.Y.   
“The NEAF conference was 

an incredible experience, 
and I hope to go back next 
year,” Bradley said. “It was a 
great opportunity to see how 
science is taught through 
a variety of exhibits and 
lectures.” 
In this Rising Star Q&A 

feature, Bradley discusses 
her outreach efforts and 
reflects on the importance of 
science in her life. 

COURTESY OF Sierra Bradley

As the 
winner of the 
Astronomical 

League’s 2017 
Horkheimer/
Smith Youth 

Service 
Award, 

Bradley was 
given the 

opportunity 
to speak at 

the Northeast 
Astronomy 

Forum (NEAF) 
in Suffern, 

N.Y. in April. 

COURTESY OF Sierra Bradley

COURTESY OF Sierra Bradley
Bradley and a colleague work the RVAS booth at the Science Center of Western Virginia’s 
Science Spooktacular event. 
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My advice would be to visit your local library 
or take classes at your school to learn more 
about astronomy. These may help you find local 
organizations on amateur astronomy. These will 
open up a whole new world of opportunities for 
you. Most importantly, you should learn something 
new every day. It can be something small, like 
familiarizing yourself with a constellation, or you 
can go more in depth. This will help deepen your 
understanding of astronomy.

What advice do you have for other 
young people who are interested in 
getting into the field of astronomy?

My ultimate goal is to become a science teacher. 
I plan on attending Radford University this fall and 
earn a degree in secondary education. I would 
also like to own a little science shop one day to 
promote science and learning in the community.

What does the future hold for you as
an outreach educator/astronomer?

COURTESY OF Sierra Bradley
Bradley runs the RVAS planetary sorting game at a STEM event 
at Mountain View Elementary School. 
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NYAA winners make mark at NEAF
Astronomical League’s National Young Astronomer Award

For more than 
two decades, the 
Astronomical 
League has held 
its annual National 
Young Astronomer 
Award competition 
to recognize 
the outstanding 
astronomical research 
of high school age 
students.
Past winners have 

addressed subjects 
ranging from Cepheid 
pulsation to photometry 
of asteroids to quasars. 
This year’s top teenage 
honorees tackled 
equally weighty topics 
to earn recognition and 
win both an Explore 
Scientific telescope and 
a trip to the renowned 
Northeast Astronomy Forum (NEAF) in 
Suffern, N.Y.
First place winner Perri Zilberman took 

the top honor with his research on the 
correlation between exoplanets known as 
“hot Jupiters” and the occurrence of debris 
disks. Although this research has led to 
other kudos, the NYAA was particularly 
significant.  
“I’ve received several accolades for 

my research project, but the NYAA is 
the only award that is specifically for 
astronomy research,” Zilberman said. “As 
far as I know, the NYAA is also one of 
the only competitions that’s specifically 
for astronomy research and one of the 
only competitions where the winner is 
selected exclusively through professional 
astronomers. These things, as well as my 
lifelong interest in astronomy, have made 
the award very meaningful for me.”
Zilberman, who recently graduated 

from John F. Kennedy High School in 
Bellmore, N.Y., also thoroughly enjoyed 
the trip to NEAF given to him by the 
Astronomical League. To him, the event 
was “an amazing experience” because 
it gave him the opportunity to see a 
wide variety of telescopes, talk with 
other avid amateur astronomers and 
hear “captivating” presentations from 

professionals he has long admired. 
“Astronomy will definitely continue to 

be a part of my life,” Zilberman said. “I’m 
not certain as to whether I’ll continue 
pursuing astronomy research, but I have 
no intention of stopping my pursuit of 
amateur astronomy. My interest in space 
is still as strong as ever. The astronomy 
equipment I received as first place winner 
of the NYAA will definitely be put to good 
use over the upcoming years.”
Like many passionate astronomers, 

second place winner Shanmurugan 
Selvamurugan felt the pull of the night sky 
at a young age. 
 “I’ve always had a penchant for the 

stars ever since I was little and it probably 
started when my parents bought me my 
first telescope,” Selvamurugan said. 
“Seeing Mars as the red, mysterious 
planet that it was and not a star as I had 
previously thought really piqued my 
curiosity. Soon after, I found myself neck 
deep reading books and encyclopedias 
and watching TV documentaries about the 
wonders of the cosmos.”
Selvamurugan, who recently graduated 

from Evergreen Valley High School in 
San Jose, Calif., characterizes himself 
as an “astro-enthusiast” and aspires to 
become an astrophysicist. His winning 
research paper, which was the first he 
has ever written, analyzed the correlation 
between the chemical composition of a 
host star and different types of planets that 
form around such stars. Selvamurugan 

said the project yielded promising results 
that contribute to the understanding of 
planet formation and evolution and could 
potentially guide scientists in their pursuit 
for habitable worlds.
In addition to serving as validation 

that he is on the right path to achieving 
his goals, the NYAA also presented 
Selvamurugan an opportunity to indulge 
his love of astronomy by attending NEAF.
 “Even though I’ve never been to an 

astronomy expo like NEAF in my life, it 
was a spectacular experience,” he said. 
“It’s not everyday that you get to be part 
of an immersive community of fellow 
astro-lovers and astronomers who all 
share the same passion as you do. I could 
just walk for days on end, just exploring 
what each and every stall in the expo 
has to offer. And also there were the nice 
goodies that I got to collect along the 
way.”
Although he is proud of the award, 

Selvamurugan is quick to point out that he 
still has much to contribute to the world of 
astronomy. 
“Next year, I’ll be attending college 

where I’ll be majoring in astrophysics and 
astronautical engineering and taking my 
research projects to the next level,” he 
said. “There’s just so much out there in the 
universe that we do not know of. But with 
each discovery that we make, we move 
one step closer towards unlocking the 
secrets of the cosmos. And I want to be a 
part of that when it happens.”

Perri Zilberman

Shanmurugan 
Selvamurugan

The Occurrence Rate of Hot Jupiter Host Stars with Warm Debris Disks
Hot Jupiters are a type of exoplanet with a similar mass to Jupiter, but extremely 

small orbits. It is supported that they must form further out in their system 
and migrate inwards. These migrations can potentially cause the collisions of 
other bodies within their systems, possibly leading to a debris disk. This study 
attempted to determine a possible correlation between the occurrence of debris 
disks and the occurrence of hot Jupiters.
In order to study this, we obtained a sample of 51 hot Jupiter bearing stars 

and ran them through a Spectral Energy Distribution Fit (SEDFit) program. This 
program allowed us to, among other things, determine whether a particular star 
had a debris disk.
Our data suggests that there is a positive correlation between the occurrence of 

debris disks and hot Jupiters. This supports the theory that hot Jupiters can cause 
destructive collisions between other bodies within their systems.

a layman’s look at the winning project

— Perri Zilberman

https://explorescientificusa.com/collections/92-series-eyepieces
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In this recurring feature, 
Sky’s Up gives students 
the opportunity to ask 

10 Questions to leading 
astronomers, space 

explorers, scientists and 
cosmologists. 

o o o
The questions for 

this installment were 
submitted by students

 at Truman Middle School 
in St. Joseph, Mo.

?s10
1  Can solar eclipses be seen on other planets?

No and Yes. Only Earth is treated by its natural satellite, the Moon, appearing large enough to just 
cover the Sun without covering much of the sky around the Sun. Some other planets see the Sun 
“over-covered” or way “under-covered” by some or all of their natural satellites. Were you to visit 
any of these places to observe these events, they would look very different from a total eclipse on 
Earth.  
If you are interested in the differences and the details, read on. It is first helpful to learn about 

eclipse and related phenomena here on Earth so you can understand what is described when 
viewing the events visible on other planets.  

Eclipse Types and 
the View from Earth

The Moon is the only natural 
satellite in the Solar System 
that closely matches the 
apparent size of the Sun in 
the sky when viewed from the 
host planet’s surface (or cloud 
tops, for gas planets). So, on 
average, every 1.5 years the 
Moon will pass in front of the 
Sun having its apparent size 
just slightly larger than the 
Sun. When it blocks the full 
disk of the Sun, we say we are 
having a total solar eclipse. 
Depending on the separation 
of Earth and Moon and Earth 
and Sun, a total eclipse can 
last as long as about 7-1/2 
minutes and as short as 
instantaneous, being total for 
only a split second. 
You usually won’t hear both 

of the following two eclipse 
descriptions described as 
partial eclipses, but they 
really are. A partial eclipse 
occurs when the Sun is not 
completely covered by the 
Moon. This situation is more 
common over time because 
the Moon spends more time 
farther from Earth than closer 
to Earth on its elliptical orbit 
each month. 
Every eclipse has a partial 

phase, the only difference 

COURTESY OF Steve Edberg

Solar power JPL’s Steve Edberg shines 
a light on our favorite star

As a professional astronomer at NASA’s Jet Propulsion 
Laboratory and a committed amateur astronomer at 
home and at his California observatory, Steve Edberg has 
witnessed countless celestial spectacles. 
Even with this constant bombardment of new 

astronomical experiences, his decades-long fondness for 
eclipses has never dulled.  
“My first recollection of seeing a solar eclipse is of the 

total eclipse that crossed Alaska, Canada and the extreme 
northeastern U.S. in July 1963,” Edberg said. “My family 
was visiting Chicago at the time, and I just couldn’t 
convince anyone to make the 800-mile drive to the path 
of totality. Instead, I just saw the deep partial eclipse 
there.” 
Since that fateful day, the self-proclaimed avid eclipse 

chaser has organized viewing expeditions and observed 16 
total eclipses from land, sea and air; five annular eclipses; 
numerous partial eclipses; and a wide variety of other 

transitory events involving stars, planets and asteroids. 
“The ‘action’ in the sky, the alignment and the spectacular 

views attract me to these events and the others related 
to total eclipses,” he said. “The only similar events with 
the suspense and adrenaline rush were landings of the 
space shuttle that I’ve seen at Edwards Air Force Base and 
Kennedy Space Center.
In his professional capacity at JPL, Edberg has worked on 

a variety of NASA projects including the Galileo mission to 
Jupiter and the Cassini mission to Saturn. He has served as 
Coordinator for Amateur Observations for the International 
Halley Watch and was executive director of the Riverside 
Telescope Conference, Inc. for 22 years. He also has been 
honored by the International Astronomical Union with 
the formal naming of the asteroid 1985QQ as (3672) 
Stevedberg.
In this installment of 10 Questions, Edberg discusses 

eclipse phenomena and solar science.   

COURTESY OF Steve Edberg

This image shows the Sun’s inner (“lower”) corona during the total eclipse of March 
29, 2006, visible from al Saloum, Egypt. Here the Moon has completely covered the 
Sun, plunging the area and sky into darkness. During this time, the silvery, gossamer 
corona makes its appearance.  

This image shows a partial solar eclipse 
visible from La Canada High School on 
October 23, 2014.  The whole image 
was too large for the camera sensor so 
it was cropped to present part of the 
crescent and the large sunspot group 
together.  This sunspot group is much 
larger than Earth and is dark because 
it is 2000C cooler than the surrounding 
6000C white light layer that shines on 
us daily.  The silhouette of the Moon is 
much blacker than the sunspots;  the 
sunspots are still emitting light but 
not as brightly as their surroundings.  
Notice the mountains and valleys 
visible along the edge of the Moon’s 
silhouette.  

COURTESY OF Steve Edberg
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being that 
some have a 
total phase. 
The partial 
phases of 
total eclipses 
differ in 
length at 
each eclipse. 
Places 
outside 
the path of 
totality only 
see a partial 
eclipse. 
Sometimes 
the center of 
the Moon’s 
shadow 
completely 
misses Earth 
and only a 
partial eclipse 
is visible over 
a limited area 
of our planet. 
But there are also solar eclipses wherein 

the center of the Moon’s shadow does 
cross our planet but the eclipse isn’t 
total. In this case, the Moon is too far 
from Earth and it does not completely 
cover the Sun even when it is centered on 
the Sun. This is a central partial eclipse, 
better known as an annular eclipse. 
During the central period (sometimes 
called annularity), the Moon’s silhouette 
is surrounded by the bright sun, making 
a ring (annulus) that changes shape 
all through the central phase as the 
silhouette moves across the Sun’s disk. 
Annular eclipses can last as long 
as about 12 minutes or be almost 
instantaneous. 
Another phenomenon, similar to an eclipse, 

is called a transit. On Earth we can observe 
transits of Mercury and Venus occasionally. 
The silhouettes of these two planets cross the 
disk of the Sun, taking a few hours to do so. 

See Sidebar One on the next page for more 
information on these infrequent events.

Eclipses Seen on Other Solar System Planets
With no natural satellites, Mercury and Venus 

don’t get to enjoy eclipses, though someone 

About 13 times a century for Mercury and in pairs 
eight years apart separated by more than a century 
for Venus, we see these planets transit the Sun’s 
disk. The silhouette of the planet passes across the 
disk of the Sun, taking a few hours to make the full 
crossing. Mercury’s silhouette is tiny, invisible without 
a telescope. The silhouette of Venus is large enough 
that with a safe solar filter you can see it without a 
telescope; with a telescope Venus is a small but distinct 
disk. 
Asteroids and comets can also transit. Halley’s 

Comet was predicted to transit the Sun in 1910 but 
the passage was not visible in telescopes. This told 
astronomers that the solid nucleus of the comet was 
small. Earth satellites also transit the Sun (and Moon) 
on occasion. The pass takes about 1 second. The 
distinctive shape of the International Space Station can 
be seen and imaged. 
Sometimes spacecraft see the Moon crossing the Sun’s 

disk. It’s sometimes not obvious whether to call the 
event an annular eclipse or a transit.
We call an event when a larger body passes in front 

of a smaller body in the sky an occultation. If we 
were consistent using definitions of astronomical 
phenomena, a total solar eclipse would be called a total 
occultation of the Sun. Only events during which we 
see the shadow of one object fall projected on another 
object would be called an eclipse (like an eclipse, total 
or partial, of the Moon when it passes through Earth’s 
shadow). 
But in common usage, an occultation refers to 

(usually) night time events such as the Moon passing 
in front of (occulting) a star or asteroid or planet. There 
are also occasions when an asteroid or planet occults 
a star. See the discussion of Jupiter in Sidebar Two for 
more information.

This January 4, 1992, annular eclipse was technically below the horizon by the time it reached the 
California coast, Black Mountain, where this image was taken. Refraction (light bending) by Earth’s 
atmosphere raised the Sun above the physical horizon and made the ring visible.  Notice the many 
layers apparent in Earth’s atmosphere, presented by the variation in brightness of the ring.  

1
continued

COURTESY OF Steve Edberg

The tiny silhouette of Mercury is the dot, smaller than the sunspot on 
the left, visible on the right half of the solar disk below the equator.  

COURTESY OF Steve Edberg

Q1
sidebar one

Phenomena
related to eclipses

Venus is much larger than the sunspots visible on the Sun’s disk 
to its right.  

COURTESY OF Steve Edberg

Above, this composite image made from five frames shows the International 
Space Station, with a crew of nine onboard, in silhouette as it transits the Sun 
at roughly five miles per second on Sept. 6, 2015. Left, in this view, the Moon 
is partially occulting Saturn. At most locations for viewing this event, Saturn 
eventually disappeared completely behind the Moon and reappeared an hour or 
less later. From this site, the Moon never completely covered Saturn and spent 
about five minutes sliding by, partially covering the planet. Notice that Saturn is 
covered by a narrow piece of the night side of the Moon, not by the mountains 
illuminated by Sun in the foreground. 

COURTESY OF NASA/Bill Ingalls

COURTESY OF Steve Edberg
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above the clouds on Venus can see occasional 
transits of Mercury.
NASA’s rovers on Mars have returned images, 

converted to video, of transits of Mars’ satellites 
Phobos and Deimos. Both are too small to 
completely cover the Sun’s disk. NASA’s Mars 
orbiters have captured the shadow of Phobos 
crossing Mars’ surface as weather satellites have 
captured the Moon’s shadow crossing Earth’s 
surface. 
The Martian moons’ transits are frequent for a 

band centered on Mars’ equator during “eclipse 
seasons” around the times of the vernal and 
autumnal equinoxes on the planet. These are 
the times when the Sun’s position in the sky 
intersects with their orbits, which are in the 
same plane as Mars’ equator. Their short orbital 
periods, hours to a couple of days, allow many 
events to occur during the season. 
(These parameters are not true for Earth’s 

Moon, whose orbital plane is tilted off of Earth’s 
equatorial plane and changing orientation all 
the time. In addition, the Moon’s orbital speed 
is much slower. The tilt leads to there only being 
two or three eclipse seasons per year, when the 
Sun and Moon are both close to the intersection 
of the projection Earth’s equator and the Moon’s 
orbit on the sky.)
From Jupiter’s cloud tops (there is no hard or 

liquid surface), Jupiter’s four largest satellites, 
Io, Europa, Ganymede, and Callisto, all appear 
much larger than the Sun when they occult 
(eclipse) it. Jupiter’s 65 other satellites (two 
new discoveries just announced, with, perhaps, 
more to be discovered) are all small and fairly 
distant so an observer there would see them 
transit the Sun’s disk. The sidebar describes 
other phenomena that can be observed from 
Earth. They involve Jupiter and the four large 
Galilean satellites and phenomena involving 
each other.
As seen from Earth, Saturn’s largest satellite, 

Titan casts a black, pinprick shadow on the disk 
of the planet during Saturn’s eclipse seasons. 
Observing from Saturn’s cloud tops (there is 
no hard or liquid surface), Titan appears much 
larger than the Sun when it occults (eclipses) the 
Sun. Saturn’s 61 other satellites (with, perhaps, 

more to be discovered) are all small and fairly 
distant so an observer there would see them 
transit the Sun’s disk. Saturn’s rings would blot 
out the Sun on the cloud tops during Saturn’s 
eclipse seasons but just what that would look 
like is somewhat uncertain. NASA’s Cassini 
mission has provided many spectacular images 
of conjunctions of Saturn’s satellites. Observing 
mutual eclipses, transits and occultations is not 
impossible from Earth, but difficult.
The satellites of Uranus would only be seen 

to transit the Sun from its cloud tops. Mutual 
events during eclipse season would be very 
difficult to observe from Earth. 
Triton is the largest satellite of Neptune but it 

would still not create a total eclipse of the Sun. 
Neptune’s many other satellites only do transits 
during Neptune’s eclipse seasons. Mutual events 
would be extremely difficult to observe from 
Earth. 
Though it is considered a dwarf planet, Pluto’s 

five satellites would still have all the events 
mentioned for Jupiter but even its largest 
moon, Charon, only transits the distant Sun. 
The last eclipse season was in the 1980s and 
the mutual events of Pluto and Charon were 
used to map each other, at very low resolution, 
from Earth. The next eclipse season is around 
2100 CE.
We on Earth are fortunate to be able to 

see the unique beauty and the phenomena 
revealed by a total solar eclipse. Go out and 
watch one! 

1
continued Q1

sidebar two

Frequent events with Jupiter and infrequent events among its satellites
It is worth noting that with steady skies and a 

medium-size telescope, observers from Earth can 
see a variety of phenomena involving Jupiter and/
or its four, large Galilean satellites. Three of the four 
satellites regularly participate in all three phenomena 
with Jupiter. Callisto has event seasons, like eclipse 
seasons on Earth, and is sometimes out of place for 
these. During Callisto’s seasons, all four of the Galilean 
satellites mutually affect the view from Earth of each 
other.
The common phenomena are transits of two types, 

eclipses and occultations. A search of the internet or 
in monthly astronomy magazines will provide times for 
all of these events when Jupiter is in the night sky. Just 
be sure to correct the given time to your time zone. 
Transits are viewed on the illuminated, day side 

of Jupiter. The shadows of the satellites crossing 
Jupiter’s illuminated hemisphere are more easily 
seen. An intense black dot appears surrounded by 
the bright clouds. Over time, the dot moves as the 
shadow-casting satellite continues around its orbit. A 
careful observer using a good telescope under steady 
conditions will be able to see the satellite, itself, in 
transit, leading or trailing the shadow spot. (For a few 
days over the months Jupiter is in the night sky, the 
satellite may actually overlap its shadow or be found 
directly above or below it.) 
Eclipse disappearances and reappearances around 

Jupiter can be observed with binoculars. They are 
just like lunar eclipses here on Earth, but Jupiter’s 
shadow is much darker. The satellite is visible near 
the planet, then disappears. Alternatively, a satellite 
may appear rather suddenly after it emerges from 
Jupiter’s shadow. It’s very difficult to see a satellites 
disappearance and later reappearance because Jupiter 
itself hides one event or the other depending on the 
relative positions of Jupiter, Earth and Sun. During the 
few days mentioned in the paragraph above, a satellite 
would be seen to merge with Jupiter and disappear. It 
would reappear as a growing on the other side of the 
planet and then separate from Jupiter’s cloud tops.
During periods when only an eclipse disappearance 

is visible, the satellite will emerge from occultation 
behind Jupiter. During periods when only an eclipse 
reappearance is visible, the satellite will disappear into 
occultation behind Jupiter.
During Callisto’s eclipse seasons (approximately every 

six years), all four of the Galilean satellites can cast 
shadows on each other and transit or occult each 
other. (The correct word to use depends on the sizes of 
the involved satellites and who is doing what to whom 
as seen from Earth.) The durations of these events are 
typically a few minutes but can, occasionally be much 
longer if the geometry is right.  
It is worth noting that, when the geometry is right, 

similar interactions are also possible among all the 
other outer planets and their satellites, though the 
frequency of the seasons is generally less. For each 
planet, the event seasons are twice per orbit around 
the Sun. For long orbits, there is a long wait until the 
next season.

This set of three images shows views three seconds apart 
as the larger of Mars’ two moons, Phobos, passed directly 
in front of the sun as seen by NASA’s Mars rover Curiosity. 
For a video of the event, click the image. 

COURTESY OF NASA/JPL-Caltech/Malin Space Science Systems/Texas A&M Univ.

This true-color composite frame, made from narrow angle 
images taken on Dec. 12, 2000, by the Cassini spacecraft, 
captures Io and its shadow in transit against the disk of 
Jupiter. The distance of the spacecraft from Jupiter was 19.5 
million kilometers (12.1 million miles). The image scale is 117 
kilometers (73 miles) per pixel.

COURTESY OF NASA/JPL/University of Arizona

https://www.youtube.com/watch?v=OyZoD7BRTtg
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5 Do solar eclipses happen more or less than lunar eclipses?
Lunar eclipses are more common than solar eclipses, over time. Because Earth’s shadow is 

large, there is a greater area for the Moon, during its regular orbit, to cross through it, making 
a lunar eclipse. By comparison, the Moon’s shadow is smaller so getting it to fall on Earth 
requires a better alignment, which occurs less frequently.

2 Why do we need to wear special glasses during a solar eclipse? I 
have looked at the Sun before and my eyes are fine.
A quick glance at the Sun is dazzlingly bright and leaves an afterimage that can take minutes to 

disappear. A longer look at the Sun risks damaging the jelly-like liquid in your eye and burning your 
retina, the very delicate tissue that gives you sight. The tiny image generated by your cornea + lens 
focuses on your retina, just where your sharpest eyesight is (called the fovea). Your retina can be 
damaged, just the way a magnifying glass focusing sunlight on paper or wood will burn the material. If 
you burn your retina anywhere, the damaged cells will not be replaced and you will have a blind spot. 
If you burn your fovea, reading and similar detail-oriented sight will be impossible. It can even take a 
day before the blind spot becomes noticeable.
The “problem” with eclipses is that people want to see what’s going on and may not know the 

damage they can do to their eyes if they stare at the Sun. Professionally made eclipse glasses cost 
$2.00 or less each. They are safe to use because they only deliver about 1 part in a few hundred 
thousand of the Sun’s light.
DANGER!! Stacking sunglasses, crossing polarizers (sunglasses or photographic polarizers), or 

even using photographic neutral density filters will NOT protect your eyes. It is not just the visual 
wavelengths (from violet to red) that can cause damage. Solar ultraviolet and infrared rays also 
damage eyes and can get through some filters that appear to be safe and dark in visual wavelengths.
Get safe solar filters to enjoy the partial eclipse and protect your eyesight.

3 If the Sun is blocked, how will looking at it hurt your eyes?
When the Moon completely covers the Sun, called totality, the Sun will not hurt your eyes.  That is 

the time to put your safe solar filter glasses in your pocket and admire the spectacular corona and the 
many other effects associated with a total eclipse.  When the Moon is not completely covering the 
Sun, during the partial phases before and after totality, SAFE FILTERS MUST BE USED.  If you don’t, you 
can burn little crescents into your retina, creating blind spots or worse.

4 Will the eclipse happen at the same time everywhere?
No. The eclipse starts at dawn in the Pacific Ocean and ends at sunset in the Atlantic Ocean. 

When the center of the Moon’s shadow reaches the coast of Oregon on eclipse-morning it will 
spend the next 90 minutes or so crossing the United States before exiting the Atlantic coast of 
South Carolina. Because of the time zones across the US (Pacific-Mountain-Central-Eastern), that 
90-minute travel time will span about 4.5 hours in clock time from coast to coast, from about 
10:20 in the morning Pacific Time to about 2:50 in the afternoon Eastern Time.

6 Can we still learn anything from studying solar eclipses?
Yes! On the ground, the sky is so bright near the Sun that even coronagraphs, instruments 

designed to study the Sun’s outer atmosphere, can only give us limited measurements. 
In space, coronagraphs flying on spacecraft like the Solar Heliospheric Observatory (SOHO) 

are built to show the outer corona. They use an occulting disk (like an artificial Moon) that is 
significantly oversized so they can study the outer (upper) corona and events in it in great detail. 
But the part of the corona that is most easily studied during an eclipse is also completely blocked 
by the occulting disks. 
The picture below is a composite made from three different telescopes on SOHO. At the center is 

an image of the Sun in extreme ultraviolet. It is surrounded by the black occulting disk blocking the 
inner corona while revealing the middle corona, colored red. The limit of the red image is the size 
of an occulting disk in a different coronagraph that records the outer corona, visible in the blue 
image. (Note that all the colors presented are artificial. Our eyes don’t see in the ultraviolet. The 
color of the corona we see during an eclipse is white.) 
NASA is sponsoring Citizen CATE, placing 60 similar telescopes across the U.S. to record the 

inner corona over the 90 minutes it will be visible from somewhere in the U.S. The images will be 
combined into a movie so scientists, for the first time, can look at detailed motions and study any 
waves in the corona over a long time span. 
There are also weather observations that can be made to see how the cooling along the path of 

totality and outside the path affect weather. A free smart phone app called “GLOBE Observer” 
found at https://observer.globe.gov/ guides the user through making observations of clouds (or 
not) and relaying the data to a central archive for use by scientists. Join the fun!

Educators: If you would be interested in having your class participate in this recurring feature,
please email your contact information to tricia@astronomyoutreach.com. COURTESY OF ESA/NASA

This composite 
image from the 
Solar Heliospheric 
Observatory (SOHO) 
shows a direct, 
extreme ultraviolet 
image of the Sun 
in the center, the 
occulting disk 
and narrow field 
coronagraph’s field 
of view (black and 
red, respectively), 
and the field of 
view outside the 
larger occulting disk 
(center to red edge) 
of the wider-field 
coronagraph.  The 
inner corona is not 
observed.  This is 
one frame of a video 
showing a coronal 
mass ejection, easily 
identified on the 
right side. 

https://observer.globe.gov/
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10 How does solar energy work?
The Sun and other stars at the start and through the major portion of their lives generate 

energy by the fusion of hydrogen into helium. While there are several processes that can do this, 
the Sun uses perhaps the simplest, first merging two hydrogen nuclei (protons) into deuterium 
(proton + neutron) and then combining two deuterium nuclei to become helium (2 protons + 2 
neutrons). There are other branches “burning” hydrogen to helium, and some of these branches 
only work in more massive stars. 
The energy released comes out of Einstein’s equation E = mc2. If you look up the mass of 

hydrogen and multiply the number by four, the product will be larger than the mass of helium: 
the difference is mass converted to energy. That energy takes about 700,000 years to reach the 
Sun’s photosphere from the core, and another 8.3 minutes to get to Earth. 
Here on Earth humans use solar energy in three ways. We grow plants for food, clothing, and 

industry, we use the Sun’s heat for warmth, and we convert sunlight into electricity. 
The chlorophyll in plants converts sunlight very efficiently (about 50 percent) into energy used 

by plants to grow their tissues. Plants take in carbon dioxide in the air and nutrients and water 
through their roots to grow and release the oxygen animals like us need to live. 
Sunlight shining on black-painted water pipes on a rooftop gets warmed. This warm water can 

be used directly for bathing or cooking. It can also supplement the heating provided by a water 
heater, reducing the energy needed to get to a desired temperature since the water enters the 
water heater already warm.
Converting light to electricity is something Nature solved with chlorophyll hundreds of millions 

of years ago. Humans have not yet come close to chlorophyll’s conversion efficiency. But our 
solar cells convert light to electricity (about 25 percent efficient) in a way that makes possible 
using those electrons to power our appliances. The process basically uses the energy in the light 
falling on a solar cell to free electrons and move them where they can flow through a wire and 
then return to the solar cell. While the electrons flow through the wire, we can use them.

9 How are the temperatures of different parts of the Sun estimated?
The sources of the estimates for temperatures in different parts of the Sun come from different 

areas of physics. Internal temperatures of the Sun are based on simple physics: compress a gas and it 
warms up. (Feel the tube of a bicycle hand pump before and after you’ve filled a tire. The tube warms 
up because the air compressed in it gets warmed by the compression). The Sun’s gravity compresses 
its gas, making the gas hotter deeper in our star. 
We know the strength of the Sun’s gravity because we can measure its mass. Throw in some 

laboratory nuclear physics and we estimate the Sun’s core has a temperature of about 17 million 
Celsius and a density of about 100 gram/cubic centimeter (water is 1 g/cm3 and iron is about 11 g/
cm3).
When we look at the Sun’s photosphere, the layer that shines down on us every day, we can 

estimate its temperature using what’s called the blackbody curve. When you look at a campfire, you 
know from experience that the brightly glowing, yellow-orange embers are hotter than the dull red 
ones. Following through on this principle, we can break the Sun’s light into a spectrum (rainbow) and 
find out where it is brightest. That turns out to be in the green, which corresponds to a temperature 
of about 5700 C. 
Using laboratory studies of atomic physics, we can look at the various elements found emitting light 

in the next layer up, the chromosphere. This layer is shocking pink when seen (briefly!!) during an 
eclipse. The light fingerprints coming from different elements in the chromosphere tell us that its 
temperature is about 10,000 C near the photosphere, rising to 100,000 C near the corona. 
The temperature of the Sun’s upper atmosphere, the corona, was first estimated based on 

theoretical atomic physics with some validation coming from understanding electron-photon 
interactions. Later additional validation came from laboratory studies. The corona has iron ions 
that have lost as many as 13 electrons, requiring very high temperatures. The scattering of 
the photospheric spectrum by free electrons in the corona backs up estimates of the corona’s 
temperature being about 1 million C, and sometimes as high as 10 million C.

7 Will we ever be able to study the Sun up close?
Yes! NASA will launch Solar Probe Plus in 2018 and late in 2024 it will fly as close as 6 million km 

(less than 4 million miles) from the photosphere — the hot, bright layer of the Sun that shines on us 
each day. This is way inside Mercury’s orbit. 
It’s been a long time coming. In 1980 I was part of a group trying to convince NASA to fly a JPL 

mission called Solar Probe, later called Star Probe, to visit the Sun by way of Jupiter.

8 Do solar eclipses cause any problems for solar-powered
satellites or the International Space Station?
No, with qualifiers explained below. Any solar-powered satellites passing through the Moon’s 

shadow will be moving at a high speed and not experience the eclipse for very long. And most solar 
powered satellites carry batteries for periods when their orbits carry them into Earth’s shadow, 
sometimes for as long as 40 minutes. So for a healthy Earth orbiter, the eclipse is not a concern due 
to the loss of solar power or to the brief cooling in the Moon’s shadow. 
The batteries on older spacecraft eventually wear out. When that happens, a long-ish period 

without sunlight during orbital night might deplete the battery, leaving the satellite without power. 
That may permanently shut down the satellite. Again, this is unlikely to occur during an older 
satellite’s quick passage through the Moon’s shadow, if that were to occur.
In general, a total eclipse seen from an Earth satellite would be a rare event.

What will you discover?
explorescientificusa.com © 2016 Explore Scientific®  All rights reserved.  Purchase information and authorized dealer locater available at our website.

Dawn of the NEW 
                   FirstLight™ Series

Offering a galaxy of options for 
astronomers of all levels.

All Packages Include
• One 25 mm Plössl Eyepiece*

• Red Dot Viewfinder
• Downloadable Software
• Smartphone Adapter
*AR70 & AR90 include Kellner 9mm and 20mm eyepieces

102mm Achromatic Refractor
w/ EQ3 Mount Package

The FirstLight™ Series offers 
telescope and mount packages 

for achromatic refractors ranging 
in aperture from 70mm to 

152mm, Maksutov-Cassegrains 
from 100mm to 152mm, and 

Newtonian reflectors from 
114mm to an impressive 203mm.

Visit our website for complete packages details.

120mm Maksutov-Cassegrain
w/ EXOS II GoTo Mount Package

150mm Newtonian Reflector
w/ EXOS II GoTo Mount Package

https://explorescientificusa.com/collections/firstlight


Less than two months from now, a total solar eclipse 
will cut a narrow path across the contiguous United 
States and give millions of observers one of the most 
profound astronomical experiences an individual can 
have. 
For those in the right position with the right 

weather, the hallmarks of night will gracefully 
emerge as the Moon’s shadow swallows the Sun and 
nudges day aside for a few fleeting moments.  
This promise of a surreal spectacle has rightfully 

caused anticipation for the Aug. 21st total solar 
eclipse to reach a fever pitch. It has been more than 
38 years since any part of the 48 states that make 
up the contiguous U.S. has been in the path of one 
of these epic events. 
Unlike the 1979 eclipse that swung across only 

five states in the country’s northwest corner, this 
summer’s total solar eclipse has a path that crosses 
through 14 states and stretches from coast to 
coast, which is something that has not happened in 
more than 99 years. 
Billed by many as the “Great American Eclipse,” this 

event will only make landfall on U.S. soil. This means 
eclipse enthusiasts from around the globe will journey 
here to take in the sight. Although the path of totality 
is almost 2,500 miles long, hotel rooms, campsites 
and other lodgings in that strip are being rapidly 
snapped up. If you are not one of the fortunate ones 
who already live in one of these lucky locales, secure 
your travel plans immediately!

Although significant partial solar eclipses will unfold 
throughout all of the 48 contiguous states, it is 
important to try and get in the path of totality. The 
next total solar eclipse to touch the contiguous U.S. 
will not happen until April 8, 2024, and if even a slight 
sliver of the Sun remains, you will miss the awe-
inspiring corona. 
Over the next few pages, we are highlighting the 

states that have the good fortune to lie along the slim 
route of totality. Be prepared, plan a backup and make 
sure you don’t miss this chance of a lifetime! 

“Where before there was light and heat, now there is only a cold, 
black hole in the sky surrounded by a ghostly crown. The corona, a 
ring of immense pearly tendrils, envelops the darkness and stretches 
off into the sky in all directions. It is unimaginably beautiful and only 
ever visible during these few precious minutes of totality.”
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— Astronomer Tyler Nordgren in “Sun Moon Earth”

it’s time
to align

Poster images are original designs of Tyler Nordgren — astronomer, artist and author of “Sun Moon Earth.”
To order these or other eclipse posters visit www.SpaceArtTravelBureau.com.

oregon
Oregon has the honor of being the first state 

where the narrow path of totality makes landfall 
and begins its coast-to-coast journey across the 
lower 48. At Lincoln Beach, which NASA lists as 
the first point of contact, the Moon’s shadow will 
begin methodically consuming the brilliance of 
the morning Sun at around 9:05 a.m. PDT. Just 
before 10:16 a.m. PDT, the main event begins in 
this coastal locale as the Moon’s shadow engulfs 
the Sun for almost 2 minutes. Being right on 
the coast would put you among the first to see 
the eclipse, but there is increased risk of cloud 
coverage in the area so moving inland may be a 
better option. 
The thin path of totality stretches from one 

edge of Oregon to the other but the Moon’s shadow will take less 
than 12 minutes to traverse the state. One of the nation’s prime spots for viewing the 
eclipse is Madras, Ore., which lies east of the Cascade mountain range. Totality in 
Madras starts at 10:19 a.m. PDT and will last just over two minutes. One thing that 
makes Madras a standout is its strong potential for favorable weather. On his website 
eclipsophile.com, Canadian meteorologist and renowned eclipse chaser Jay Anderson 
notes satellite observations show “Madras and its surroundings have the distinction of 
possessing the least August cloudiness anywhere along the central line of the eclipse 
track.” Several multi-day celebrations will be happening in Madras for the eclipse, 
including the Oregon Solarfest and the Lowell Observatory Solar Eclipse Experience. 
If you’re looking for a national park to observe from, the John Day Fossil Beds 

National Monument in eastern Oregon lies within the centerline of totality. The park 
has no entrance fees, but large crowds are expected. 

Oregon cities on the centerline of the path of totality: 
Aumsville • Detroit • Falls City • Gates • Huntington • John Day Fossil Beds National Monument • Lincoln Beach • Lyons • Madras • 

Mehama • Mill City • Mitchell • Monmouth • Otter Rock • Prairie City • Stayton • Turner • Unity • Warm Springs

OSU150 Space Grant Festival:
A Total Eclipse Experience

Located in Corvallis, Oregon State University 
is hosting a three-day eclipse celebration on its 
campus, which lies in the path of totality. The 
festival, which begins Aug. 19th, will end with 
a viewing party that includes free solar viewing 
glasses for attendees. Events will include exhibits 
on robots and rockets, hands-on activities for 
all ages, a showcase of space-inspired art, 
expert lectures on a range of topics, evening 
entertainment and nightly star parties. All activities 
at the event are free, except for a concert on 
the evening of Aug. 20th.  On-campus lodging 
packages for the festival weekend are available for 
purchase. For more information on the festival and 
lodging options, click here. 

COURTESY OF Michael Zeiler, www.GreatAmericanEclipse.com

event spotlight

http://www.tylernordgren.com/2017-great-american-eclipse/
http://www.tylernordgren.com/
http://eclipsophile.com/
https://www.oregonsolarfest.com/
https://www.lowellsolareclipse.com/
https://www.nps.gov/joda/planyourvisit/eclipse.htm
https://www.nps.gov/joda/planyourvisit/eclipse.htm
http://communications.oregonstate.edu/space
https://www.greatamericaneclipse.com/oregon/
https://www.greatamericaneclipse.com/


26 Sky’s
Up 27Sky’s

Up

idaho

Idaho cities on the centerline of the path of totality: 
Driggs • Mud Lake • Rexburg • Stanley

Wyoming cities on the centerline of the path of totality: 
Ayres Natural Bridge Park • Casper • Crowheart • Douglas • Evansville • Glendo • Glendo State Park •

Mills • Pathfinder Reservoirs • Pavillion • Shoshoni • Vista West
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wyoming
The Moon’s umbral shadow will cross the Snake River into Idaho a 

few seconds shy of 10:25 a.m. PDT and race across the state in about 10 
minutes. Just over 300,000 people live in the path of totality in Idaho, 
but population density will balloon dramatically as travelers descend 
into the quiet communities along the path. One respected website (www.
greatamericaneclipse.com) estimates that Idaho could see between 
93,000 and 370,000 visitors for the eclipse because it is the easiest 
section of the path for millions of people from southern California, 
Arizona, Utah, Nevada and Montana to access. The prospect of 
favorable weather along parts of the path will also be an attractive 
factor. On a small part of its front end 
and a broader section of its back end, 
the shadow’s course through Idaho 
intersects with portions of the Snake 
River Plain. Clouds that may plague the 
more mountainous locales are likely to 
evaporate in the lowland valley formed 
by the river. Idaho Falls, the largest 
city in the path of totality in the state, 
lies in the plain. According to Jay 
Anderson, the meteorologist behind 

eclipsophile.com, nearby airport 
observations for Idaho Falls show 
that two-thirds of August skies are 
clear or have only scattered cloud 
coverage. If the plain terrain keeps clouds at bay, those in Idaho 
Falls will be treated to 1 minute and 48 seconds of totality. To 
gain almost 30 additional seconds of precious totality time, 
observers can travel less than 30 miles northeast of Idaho Falls 
to Rexburg. This community of around 27,000 people sits on 
the centerline and offers two minutes and 17 seconds of totality. 
Although your best bet for cloud-free viewing may be in the 
Snake River Plain, you shouldn’t rule out higher elevations. 
A significant chunk of the narrow path passes over the rugged 
Sawtooth Range. As eclipse day draws nearer, you may opt 
for a more adventurous locale if the forecasts are friendly for 
eclipse viewing. At 12,662 feet, Borah Peak is the highest point 
in Idaho, and it is very close to the heart of the path of totality. 
This impressive jewel in the Lost River Range will spend 2 
minutes and 11 seconds in the Moon’s umbra. Large and small 
public and private observing events and sites will be scattered 
across the state. Among those are three official NASA viewing 
sites — Totality on the Top of Idaho in Mackay; Valley of the 
Tetons Library, which is just minutes away from the centerline 
city of Driggs; and The Museum of Idaho in Idaho Falls. At this 
last event, representatives from NASA and the Jet Propulsion 
Laboratory will team up with the museum for a four-day event 
featuring expert lectures, demonstrations and the “Space: 
Journey to our Future” exhibit. NASA will also be using the site 
as a television broadcast location for the eclipse. 

Crater Adventures
This unusual viewing 

site will let you observe 2 
minutes and 17 seconds 
of totality from the rim of 
an extinct volcano near 
Menan. Parking fees for 
the day of the eclipse start 
at $20. Reservations for 
camping and RV sites can 
also be purchased. For more 
information, click here. 

event spotlight

COURTESY OF Michael Zeiler, www.GreatAmericanEclipse.com

Casper, Wyo.
This town of around 60,000 will 

see its population swell significantly 
for the eclipse. In addition to lying 
on the centerline, Casper has a high 
potential for favorable weather. 
The area’s prospects are so good, 
the Astronomical League will host 
their annual convention (AstroCon 
2017) in the days before the eclipse. 
This event will include a keynote 
address by Fred Espenak, a renowned 
eclipse authority. Multiple observing 
sites are spread throughout the 
city. One of the best links to visit 
is eclipsecasper.com, which lists 
both paid and free viewing and 
educational events. Casper is also 
one of two locations that NASA and 
the Exploratorium will use to produce 
a live broadcast of the total solar 
eclipse. Totality will begin at 11:42 
a.m. MDT in Casper and will last for 2 
minutes and 26 seconds. 

location spotlight

At 11:34 a.m. MDT, the Sun will blink out at the Wyoming border as the 
Moon’s shadow begins a 15-minute trek across the state. As it races in, the 
umbra will meet the grandeur of the Grand Tetons. Visitors to the Grand Teton 
National Park will experience more than 2 minutes of totality but the crowds 
will be heavy so it is important to leave plenty of time to get to the right spot. 
The nearby Jackson Hole Airport will soak in 2 minutes and 20 seconds of 
totality. Previous weather observations (eclipsohile.com) show the airport has 
an average cloudiness of 34 percent. This favorable figure, which is due in 
large part to its valley location, and the gorgeous views of the Tetons, which 
form a buffer to the west, will make this an excellent viewing location. On the 
day of the eclipse, the Wyoming Stargazing organization will host a public 
viewing event at the base of Snow King Mountain in Jackson. Organizers will 
have safe solar glasses for sale and solar telescopes set up for viewing during all 
phases. As the centerline moves east, it runs between Riverton and Shoshoni. 
Meteorologist Jay Anderson notes that from a climatological point of view this 
may be not only the best viewing location in Wyoming but also one of the best 
for the whole eclipse track. The central and eastern portions of the path pass over 
terrain with expansive views. One locale that has grabbed the attention of lots of 
amateur astronomers is Casper, Wyo., where the Astronomical League will host 
its annual convention prior to the eclipse. The city’s lengthy time of totality (2 
minutes and 26 seconds) and its highway access make the locale a popular one. Even 
with the openness of Wyoming, congestion concerns remain. About 175,000 of the state’s less than 600,000 residents reside 
in the narrow path. On eclipse weekend, greatamericaneclipse.com estimates between 48,000 to 192,000 visitors will swarm 
the band of totality to soak in this epic experience. 

https://www.greatamericaneclipse.com/idaho/
https://www.greatamericaneclipse.com/wyoming/
https://www.greatamericaneclipse.com/
www.greatamericaneclipse.com
www.greatamericaneclipse.com
http://eclipsophile.com/
http://mackayidaho-city.com/eclipse.html
http://valleyofthetetonslibrary.org/
http://valleyofthetetonslibrary.org/
http://www.museumofidaho.org/solar-eclipse/
https://www.idahosolareclipse.com/
https://www.greatamericaneclipse.com/
https://astrocon2017.astroleague.org/
https://astrocon2017.astroleague.org/
http://eclipsecasper.com/
http://eclipsophile.com/wyoming/
http://www.wyomingstargazing.org/2017-solar-eclipse/#
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nebraska

Nebraska cities on the centerline of the path of totality: 
Alliance • Arnold • Callaway • Clatonia • Filley • Gandy • Giltner • Grand Island • Hazard 
• Henderson • Humboldt • Lewiston • Litchfield • Mason City • Pawnee City • Pickrell • 

Ravenna • Salem • Stapleton • Steinauer • Stockham • Table Rock • Tryon • Wilber

COURTESY OF Michael Zeiler, www.GreatAmericanEclipse.com

The blistering pace of the Moon’s umbra slows a bit in Nebraska, so totality will 
take a leisurely 21 minutes to bisect and exit the state after entering around 11:47 
a.m. MDT (Note: About a third of the way into the path, the time zone will become 
Central Daylight Time.) The more predictable weather patterns of mountain-
riddled Oregon, Idaho and Wyoming give way as you move into the flatter terrain 
of Nebraska. One of the safer bets in terms of cloud coverage is Alliance — a 
town of just over 8,500 that will have 2 minutes and 30 seconds of totality. Less 
affected by the fickle whims of Gulf moisture that plague other parts of the state, 
Alliance has a good chance for favorable viewing conditions. The town’s unique 
Carhenge attraction should be an intriguing locale for free observing. North Platte 
might be another good location to set up as a base. It only offers 1 minute and 43 
seconds of totality, but it is on Interstate 80, which means if you have to flee bad 
weather this is a great place to be. To spend more time in totality, you can head to 
the Sandhills community of Stapleton located along the centerline about 30 miles 
north of North Platte. From there, you can soak in 2 minutes and 34 seconds of 
totality at a variety of locations. One of these is the Logan County Fairgrounds, 
where the $10 admission includes viewing glasses, water bottle and entry into the 
“After the Eclipse” bash. For more information, click here. At 12:58 p.m. CDT, 
the Moon’s shadow blocks out the Sun in Grand Island for 2 minutes and 34 
seconds. Viewing sites in Grand Island, which offers the flexibility of North Platte 
due to its location near Interstate 80, include Stuhr Museum of the Prairie Pioneer. 
Lincoln, which is Nebraska’s state capitol, lies within the northern border of the 
path of totality, but the city will only have 1 minute and 24 seconds under the 
umbra beginning at 1:02 p.m. CDT. On eclipse weekend, greatamericaneclipse.
com estimates between 117,000 to 466,000 visitors may make their way into the 
state to join the approximately 590,000 Nebraskans that live within the path.

Homestead National Monument
of America

Located in Beatrice, the Homestead 
National Monument of America 
has planned three days of free 
eclipse festivities. Offerings 
include presentations from NASA 
professionals, live entertainment, 
hands-on activities, science exhibits,  
and informal stargazing (beginning at 
8 p.m. on Aug. 19th and 20th). Events 
will be held in the park’s Heritage 
Center and the Education Center. 
Off-site NASA programs also will 
occur on Saturday and Sunday at the 
Beatrice Public Library and the Gage 
County Fairgrounds. On Saturday and 
Sunday, the buildings will be open 
from 8:30 a.m. to 10 p.m. On the day 
of the eclipse, the buildings will be 
open from 6 a.m. to 6 p.m. There will 
be presentations, live entertainment, 
hands-on activities and more, but 
the main event will be the viewing - 
beginning with first contact shortly 
after 11:30 a.m. CDT. The total 
eclipse begins in Beatrice at 1:02 p.m. 
CDT and lasts for 2 minutes and 35 
seconds. For more information on the 
event, click here. 

event spotlight

kansas

Kansas cities on the centerline of the path of totality: 
Highland • Troy  • Wathena

COURTESY OF Michael Zeiler, www.GreatAmericanEclipse.com

Totality reaches Kansas at 1:02 p.m. 
CDT and cuts a quick 7-minute path 
across the state’s northeast corner 
with the centerline clipping a handful 
of communities. Although the plains 
are frequently subjected to weather 
instability, clouds do tend to decrease 
from mid-morning to mid-afternoon. 
Therefore, the timing for totality may end 
up being just right. In the community of 
Atchison, which will have 2 minutes and 
17 seconds of totality, observing events 
are scheduled for Benedictine College 
and the Amelia Earhart Airport.  Only 
around 110,000 people live in the narrow 
band of totality that zips through Kansas. 
Greatamericaneclipse.com estimates 
between 6,200 and 25,000 visitors may 
make their way into Kansas to join 
residents in enjoying anywhere from less 
than a minute to up to 2 minutes and 38 
seconds under the fully shrouded Sun.

COURTESY OF Michael Zeiler, www.GreatAmericanEclipse.com
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Millions of people will have already witnessed the awe-inspiring spectacle 
of the total solar eclipse by the time the Moon’s umbra sweeps into Missouri 
at 1:04 p.m. CDT. This impressive viewership will quickly go up as the 
shadow glides across the state for 18 minutes, cutting a large swath that 
includes portions of two major 
metropolises — Kansas City 
and St. Louis. With its central 
location and easy highway 
access, Missouri is sure to be a 
destination for eclipse chasers. 
Greatamericaneclipse.com 
estimates that between 323,000 and 
1,291,000 people will travel to the 
areas of totality. When choosing 
where to view, it is important to 
remember that Kansas City and St. 
Louis each straddle the perimeter 
of the path of totality. In Kansas 
City, observers will have to be 
on the northern edge of the city 
to experience totality, while St. 
Louis observers will have to be 
on the southern edge of the city. 
If you will be in one of those areas, 
be sure to look closely at detailed 
resources that define where the path 
actually crosses through each of these 
locales. St. Joseph, which is about 
55 miles north of Kansas City, lies 
on the centerline and will experience 
2 minutes and 38 seconds of totality 
beginning at 1:06 p.m. The city has 
put up a comprehensive website with 
information on viewing locales. Free 
observing events will be held at the 
Rosecrans Memorial Airport and 
East Hills Mall. Almost all of the 
Interstate 70 corridor, which bisects 
the state, will experience totality. 
The highway provides easy access to 
Columbia, which is on the centerline 
and the state’s capitol, Jefferson City. 
Columbia’s 2 minutes and 37 seconds 
of totality will begin at 1:12 p.m. Large 
viewing events will be held at Cosmo 
Park and Gans Creek Recreation Area. 
Jefferson City observers will be treated 
to 2 minutes and 29 seconds under the 
shadow beginning at 1:13 p.m. NASA 
will be broadcasting live from the steps 
of Missouri’s Supreme Court building.  

30 Sky’s
Up 31Sky’s

Up

Missouri cities on the centerline of the path of totality:
• Boonville • Carrollton • Chamois • Columbia • De Soto • Franklin • Gerald • Gower 
• Hillsboro • Lathrop • Marshall • McBaine • Mokane • New Franklin • Norborne • 

Parkway • Pevely • Plattsburg • Rocheport • St. Clair • St. Joseph

missouri

COURTESY OF Michael Zeiler, www.GreatAmericanEclipse.com

illinois
It won’t take the Moon’s umbra long to 

traverse the path of totality that blankets 
the southernmost part of Illinois, but it 
will put on a big show during its quick 
visit, which begins around 1:17 p.m. 
CDT. The state has the honor of hosting 
the point of greatest duration. Weather 
permitting, this lucky locale in Makanda 
will bask in the full glory of the eclipsed 
Sun for 2 minutes and 40.2 seconds. 
Blue Sky Vineyard, which lies at this 
sweet spot, has four days of festivities 
planned to commemorate the occasion. 
Although being at the point of greatest 
duration buys you a few more seconds 
of totality, the biggest crowds will 
probably be drawn to Carbondale, 
which will offer 2 minutes and 37 
seconds of totality beginning at 1:20 
p.m. CDT. In addition to being a 
big player in this year’s eclipse, 
Carbondale will be a beacon for 
eclipse chasers again on April 8, 
2024 - the date of the next total solar 
eclipse to pass over the contiguous 
U.S. This Illinois city of less than 
27,000 people is being called 
“Eclipse City” because it lies at the 
point where the centerlines for both 
the 2017 and 2024 eclipse tracks 
cross. This year, a wealth of events 
will be happening at Southern 
Illinois University Carbondale (see 
details in inset box), but there are 
other viewing venues. The City 
of Carbondale and Carbondale 
Main Street are teaming up to 
host Shadowfest, a free, multi-day 
eclipse celebration on Washington 
Street that will feature lots of live 
music. For more information on 
scheduled events, click here. In the 
centerline city of Goreville, which 
will see 2 minutes and 40 seconds 
of totality, astronomers from the 
University of Illinois will be hosting 
a public viewing event at Goreville 
City Park. Greatamericaneclipse.
com estimates that between 93,000 
and 372,000 will travel to Illinois to 
witness the eclipse. 

Illinois cities on the centerline of the path of totality:
Carbondale • Cedar lake • Chester • Golconda 

• Goreville • Murphysboro • SimpsonCOURTESY OF Michael Zeiler, www.GreatAmericanEclipse.com

SIU Carbondale
Eclipse Crossroads

of America
Southern Illinois University 

Carbondale will celebrate the 
2017 eclipse beginning Aug. 
19 and culminating on Aug. 
21 with a large watch party 
at Saluki Stadium. Tickets are 
on sale now for the observing 
event, which will be hosted 
by Matt Kaplan of Planetary 
Radio. Attendees will be 
provided with safe solar 
viewing glasses. There will 
also be on-field programming 
developed in conjunction 
with the Adler Planetarium 
of Chicago. Visitors also will 
be able to see live coverage 
of the eclipse across America 
through the eyes of NASA, 
anchored by NASA Edge 
from the campus of SIU 
Carbondale. Other events 
at SIU include Eclipse Comic 
Con; an astronomy, science 
and technology expo; an 
arts and craft fair; and a 
festival/carnival with food 
and entertainment. For more 
information, click here. 

event spotlight
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Totality in Tennessee begins at 1:25 p.m. CDT as the 
Moon’s shadow races in from Kentucky, crosses into 
a new time zone and exits around 2:36 p.m. EDT. One 
of the first communities to fall under the spell of the 
umbra is Clarksville, which will experience 2 minutes 
and 18 seconds of totality. Clarksville’s Austin Peay 
State University will offer a variety of eclipse-related 
programs as well as a general viewing event in the 
campus’ football stadium. The $5 parking fee includes 
two pairs of safe solar viewing glasses. As totality 
is wrapping up in Clarskville, the big show is just 
beginning in Nashville. For nearly 2 minutes, hundreds 
of thousands of Nashvillians and visiting eclipse 
chasers will bear witness to totality as the Moon’s 
shadow overtakes the Sun over Music City beginning 
at 1:27 p.m. CDT. Since Nashville takes up a large 
chunk of real estate on the path of totality, duration 
times will vary throughout parts of the city so you 
may want to consult detailed eclipse maps to choose 
your observing spot. For more information on events 
happening in Nashville, check out the city’s themed 
website, which includes a handy eclipse playlist. For 
a few more seconds under the shadow, you can head 
about 30 miles northeast of Nashville to Gallatin, 
which lies on the centerline. Here you can experience 
2 minutes and 40 seconds of totality. Tennessee has 
plenty of viewing options for outdoor enthusiasts, 
such as Obed Wild and Scenic River National State 
Park. Great Smoky Mountains National Park rises up 

near the end of the 
umbra’s journey 
through Tennessee. 
The entire western 
half of the park, 
which sprawls across 
the border between 
Tennessee and North 
Carolina, lies in 
the zone of totality. 
Public viewing events 
are planned within 
the park. For more 
information, click 
here.    

The Moon’s shadow begins its race 
across a narrow portion of southwest 
Kentucky at 1:22 p.m. CDT and is out 
by 1:30 p.m. CDT. Eclipse chasers 
and residents in this swath of lucky 
real estate should remain alert to 
cloud conditions because statistically 
the chance for overcast skies in the 
afternoons is slightly elevated. Paducah 
is among the first communities that 
will take in the stunning sight of the 
blackened Sun. There, totality will begin 
at 1:22 p.m. CDT and last 2 minutes 
and 21 seconds. The McCracken 
County Public Library will host a 
public observing event with free solar 
viewing glasses. Also in Paducah, West 
Kentucky Community and Technical 
College will hold Night at Noon — a 
public viewing event 
emceed by astronaut Terry 
Wilcutt. The most talked 
about location in Kentucky 
is the point of greatest 
eclipse near Hopkinsville. 
Greatest eclipse is the 
instant when the axis of 
the Moon’s shadow cone 
passes closest to Earth’s 
center. Here, the time in 
totality will be within a 
tenth of a second of the 
greatest duration time 
in Illinois. Listed as the 
location of an official 
NASA viewing site, the 
Hopkinsville community 
will offer a host of eclipse-related events, including a special 
Eclipse Con event on the Saturday and Sunday before the 
big day. For information on festivities in the area, click here. 
Bowling Green, which is one of the larger cities on this 
segment of the path is very close to the northeastern edge, 
so viewers there will have less than 1 minute of totality. 
The abbreviated time hasn’t dampen the anticipation. In 
fact, Western Kentucky University has canceled all classes 
before 4 p.m. that day to provide eclipse programming for 
their students, faculty and staff as well as thousands of K-12 
students who will visit the campus that day for a special 
viewing event. Greatamericaneclipse.com estimates that 
between 63,000 and 253,000 people will travel to the path 
of totality in Kentucky for the eclipse. 
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Tennessee cities on
the centerline of

the path of totality:
Gallatin • Gordonsville • 
Madisonville • Sparta • 

Spring City

COURTESY OF Michael Zeiler, www.GreatAmericanEclipse.com

kentucky tennessee

Kentucky cities on the centerline of the path of totality:
Adairville • Dycusburg • Eddyville • Elkton • Fredonia • Hopkinsville • Princeton • Salem

COURTESY OF Michael Zeiler, www.GreatAmericanEclipse.com

Eclipse 2017
at Vol State

Volunteer State Community 
College in Gallatin, Tenn., 
is celebrating the city’s 2 
minutes and 40 seconds of 
totality by holding a free 
eclipse viewing event. Totality 
does not being until 1:27 
p.m. CDT, but activities and 
presentations will be held in 
various buildings around the 
college’s campus from 9 a.m. 
to 1 p.m. 
The observing area will 

be on the library lawn, and 
attendees are encouraged to 
bring their own blankets and 
chairs for seating. Free safe 
solar viewing glasses will be 
available while supplies last. 
A presenter will be on hand to 
narrate the progression of the 
eclipse. 
Although the event is free, 

those who plan on viewing 
at this location are asked to 
register so that organizers 
can prepare. For more 
information or to register for 
the event, click here. 
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As it gears up for the final stretch through 
South Carolina, the path of the total solar 
eclipse creates a narrow corridor across the 
southwest corner of North Carolina and the 
northeast corner of Georgia. The scenery 
will be stunning as the shadow makes it way 
across Great Smoky Mountains National Park 
and the communities nestled in Nantahala 
National Forest. The park is planning three 
public viewing event, including one at 
Oconaluftee Visitor Center in Cherokee, 
N.C. Observers might want to purchase a 
detailed eclipse map from the Great Smoky 
Mountains Association. The only city on 
the centerline in this slice of North Carolina is Andrews. This small town of less than 3,000 will spend 2 minutes and 39 
seconds in totality, beginning at 2:34 p.m. EDT. The main viewing locale in Andrews is Heritage Park. The event is free, 
but observers can pay to reserve a 20x20 spot. For more information on happenings in Andrews, click here. Franklin, which 
will have 2 minutes and 30 seconds of totality beginning at 2:35 p.m. EDT, is hosting a Solar Eclipse Block Party to mark 
the event. Although totality will only pass over a small portion of the state, greatamericaneclipse.com estimates that between 
16,000 and 63,900 people will travel here. 

north carolina south carolina
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South Carolina cities on the centerline
of the path of totality:

Belton • Central • Cross Hill • Honea Path • Lake 
Keowee • Lake Marion • Lake Moultrie • Lake 

Murray • Lexington • McClellanville • Princeton • 
Santee State Park • Silverstreet • 

Ware Shoals • Waterloo

Totality begins its farewell tour as the Moon’s umbra crosses into South 
Carolina at 2:36 p.m. EDT. Weather permitting, millions of residents and 
visiting eclipse chasers will observe along this final leg of the path of 
totality. Interstate 95, which runs along the Atlantic seaboard, leads directly 
into the path. For this reason, greatamericaneclipse.com estimates that 
between 547,000 and 2,188,000 people will travel to South Carolina for 
the eclipse. Totality begins in Greenville at 2:38 p.m. EDT. and lasts for 
2 minutes and 12 seconds. The Children’s Museum of the Upstate will 
have a viewing event with children’s activities, free solar viewing glasses, 
live streams from NASA and more (museum admission fees apply). For 
more Greenville options, click here. At 2:41 p.m. EDT, the umbra reaches 
Columbia and plunges the state capitol into darkness for 2 minutes and 
30 seconds. Lake Murray Park (which does have minor entrance fees) 
will host a public viewing event on both sides of the Dreher Shoals Dam 
and free solar glasses will be provided. You could also choose to view the 
event at Spirit Communications Park during the Columbia Fireflies game. 
To find out more about the wealth of eclipse-related festivities in the city, 
click here. For outdoor enthusiasts, the centerline passes by Congaree 
National Park in Hopkins at 2:42 p.m. EDT and bathes the landscape 
in 2 minutes and 34 seconds of totality. As it proceeds to the coast, the 

centerline passes over Lake Marion, Santee 
State Park and Lake Moultrie. Charleston lies 
along the southern edge of the path of totality, 
which means observers there will get about 
1 minute and 33 seconds under the shadow. 
To find out more about the plethora of events  
happening in this coastal town, click here. 
After zipping through Francis Marion National 
Forest, the center of the Moon’s shadow races 
away from the coastline and skims across the 
Atlantic Ocean for 75 minutes before it lifts off 
of the Earth’s surface. In its wake, the umbra 
will leave millions of awestruck observers 
stretching from coast to coast, and many of 
those will already be making plans to catch the 
next total solar eclipse that is set to grace the 
contiguous U.S. on April 8, 2024. 

georgia

Georgia cities on the centerline of the path of totality:
Dillard • Sky Valley

It will take totality only six minutes to make its way over the 
northeast corner of Georgia. As the umbra crosses the border at 2:34 
p.m. EDT, it finds itself racing over the Chattahoochee National 
Forest. Eclipse chasers will want to keep a close eye on the weather 
because there is no major thoroughfare close by for a quick reroute. 
Blairsville, which will have a little less than 2 minutes of totality, is 
near the highest point in Georgia — Brasstown Bald. For more than 
30 additional seconds of totality, you can travel a curvy 43 miles 
east on Highway 76 to Clayton, which will enjoy 2 minutes and 35 
seconds of total eclipse beginning at 2:35 p.m. EDT. Clayton and the 
centerline communities of Dillard and Sky Valley are all in Rabun 
County, which will be packed with eclipse events of all shapes and 
sizes. To find out more about events in the county, click here. For 
those looking for a state park experience, Tallulah Gorge State Park is 
having a viewing event that includes educational activities and on-site 
eclipse experts. Totality begins in Tallulah Falls at 2:36 p.m. EDT, and 
lasts for 2 minutes and 20 seconds. For more information, click here.  

COURTESY OF Michael Zeiler, www.GreatAmericanEclipse.com
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For this monumental event, it is important to have a wealth of information in order to make sure you don’t miss your 
chance to experience totality! Doing your research is vital! The following sites were used as reference materials for this 
feature. We highly recommend exploring any or all of them at your leisure, so you have the best plan in place. 

COURTESY OF Michael Zeiler, www.GreatAmericanEclipse.com

• eclipsophile.com
• www.eclipsewise.com
• www.eclipse2017.org

• nationaleclipse.com
• www.greatamericaneclipse.com

• eclipse2017.nasa.gov

montana & iowa?
Although only 12 states are featured here, the path of totality actually crosses through tiny slivers of Montana and Iowa as 

well. The southernmost tip of Montana will have 50 seconds of totality in an area with no access roads. In the tiny corner of 
Iowa that is in the path, the total phase will last only 30 seconds.
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http://www.smokiesinformation.org/shop/eclipse-regional-map-3326
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https://www.lakemurraycountry.com/things-to-do/events/solar-17-lake-murray
http://www.milb.com/content/page.jsp?ymd=20161114&content_id=208826316&fext=.jsp&sid=t3705&vkey=
http://totaleclipsecolumbiasc.com/
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http://www.visitblairsvillega.com/explore-blairsville/solar-eclipse-2017/
http://explorerabun.com/events-happening-total-solar-eclipse-rabun-county-georgia/
http://gastateparks.org/info/247374?c=13025486
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https://www.greatamericaneclipse.com/
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http://www.eclipsewise.com/eclipse.html
http://www.eclipse2017.org/eclipse2017_main.htm
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https://eclipse2017.nasa.gov/


even a spaghetti colander works great.
About 10 minutes before totality, 

you will probably be able to see the 
planet Venus. You’ll also note that the 
temperature is dropping, and even a 
perfectly-clear sky will look like clouds 
on the horizon towards the northwest. 
That’s the rapidly-approaching moon’s 
shadow.
As totality approaches, you will see 

colors — like a sunset or sunrise — 
begin in the northwest horizon and 
then circle the horizon. You might also 
glimpse those elusive shadow bands, 
dancing on the ground.
The sun diminishes rapidly until 

a brilliant spot is left called the 
diamond ring. Then… totality! The 
sun’s corona, or crown, extends 
from the now-eclipsed star. Through 
a telescope or binoculars you will 
probably see small reddish spots 
around the sun-moon spectacle. These 
are prominences. The corona shows 
fine, almost-hair-like structure. As you 
look up, you’ll see more stars; maybe even Regulus really 
close to the eclipsed sun.
Look around you – take it all in. The total eclipse is one 

of nature’s special events. And we are honored to be able 
to take it all in. For as quickly as the total eclipse began, it 
is over it seems. Another diamond ring signals the end of 
totality as the celestial sun and moon dance moves toward 
the end.
Totality is hard to capture in word or photo; perhaps the 

best-written account is that of Mabel Loomis Todd regarding 
the August 9, 1896, total solar eclipse:
“Then an instantaneous darkness leaped upon the world. 

Unearthly night enveloped all.
With an indescribable out-flashing at the same instant the 

corona burst forth in mysterious radiance. But dimly seen 
through thin cloud, it was nevertheless beautiful beyond 
description, a celestial flame from some unimaginable 
heaven. Simultaneously the whole northwestern sky, nearly 
to the zenith, was flooded with lurid and startlingly brilliant 
orange, across which drifted clouds slightly darker, like 
flecks of liquid flame, or huge ejecta from some vast volcanic 
Hades. The west and southwest gleamed in shining lemon 
yellow.
Least like a sunset, it was too somber and terrible. The pale, 

broken circle of coronal light still glowed on with thrilling 
peacefulness, while nature held her breath for another stage 
in this majestic spectacle.
Well might it have been a prelude to the shriveling and 

disappearance of the whole world — weird to horror, and 

beautiful to heartbreak, heaven and hell in the same sky.
Absolute silence reigned. No human being spoke. No bird 

twittered. Even sighing of the surf breathed into utter repose, 
and not a ripple stirred the leaden sea.
One human being seemed so small, so helpless, so slight a 

part of all this strangeness and mystery! It was as if the hand 
of Deity had been visibly laid upon space and worlds, to 
allow one momentary glimpse of the awfulness of creation.
Hours might have passed — time was annihilated; and 

yet when the tiniest globule of sunlight, a drop, a needle-
shaft, a pinhole, reappeared, even before it had become the 
slenderest possible crescent, the fair corona and all color 
in sky and cloud withdrew, and a natural aspect of stormy 
twilight returned. Then the two minutes and a half in memory 
seemed but a few seconds — a breath, the briefest tale ever 
told.”

— Mabel Loomis Todd, Chapter 29, “The Eclipse,”
Corona and Coronet: Being a narrative of the Amherst 
Eclipse Expedition to Japan, in Mr. James’s schooner-
yacht Coronet, to observe the Sun’s total obscuration

9th August, 1896
o o o 

Dr. Mike Reynolds saw his first total solar eclipse March 7, 
1970. He has lead numerous expeditions and observed 18 total 
solar eclipses – in 18 attempts; observing from land, sea and air. 
Reynolds’ observations and photographs have been published 
in numerous places, including the book Observe Eclipses and 
Astronomy. He is the Association of Lunar and Planetary 
Observers’ Eclipse Coordinator and Professor of Astronomy at 
Florida State College.
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By DR. MIKE REYNOLDS
Guest Contributor

Since I’ve had the privilege of seeing 
18 total solar eclipse, people often 
ask me what to look for or what to 
do during the eclipse. My answer is 
always the same: take it all in. Totality 
is truly an all-senses experience. Do not 
get stuck behind a camera, telescope 
or even a pair of binoculars during 
the entire totality. Yes, the beautifully-
eclipsed sun, doing its celestial dance 
with the moon, is an alluring sight! Yet 
there is much more for your senses to 
try to take in.
As the partial eclipse progresses 

towards totality, you will note that 
shadows are becoming sharper. Look 
for small partially-eclipsed suns 
on the ground around trees, as the 
leaves make pinhole projectors. Or 
make your own pinhole projector — 
cardboard with holes poked in it or 

IMAGES COURTESY OF Dr. Mike Reynolds

COURTESY OF Dr. Mike Reynolds
Venus (near the right edge of the frame) makes a daytime appearance during a total 
solar eclipse on April 8, 2005.

Above, observers watch as the Moon’s shadow blankets the daytime landscape in surreal 
darkness during a total solar eclipse on July 22, 2009. 

Totality is a sensory feast

Right, the 
diamond 

ring appears 
just before 

totality 
begins 

during a total 
solar eclipse 

on July 11, 
2010. 
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By STEPHEN RAMSDEN
Guest Contributor

As director and founder of the world’s largest 
volume solar astronomy outreach program — The 
Charlie Bates Solar Astronomy Project, I can’t tell 
you how many times someone has come up to me 
and told me about the time they saw a solar eclipse 
as a young person and how much it impacted their 
life. News flash: Your time to change someone’s life 
is fast approaching. Get out there and plan for your 
community eclipse event!

On August 21st, the elongated shadow 
cast by our planets only satellite, the 
Moon, will race coast to coast across 
the United States presenting what will 
surely be the most viewed celestial 
event in the history of mankind. This 
event is totally free and can be viewed 
by every person in the country with 
minimal preparation and planning. In 
fact, the less equipment you take with 
you, the more enjoyable the event will 
be for the most part.
Sure, there will be people with all 

sorts of telescope and camera gear set 
up in thousands of various ways to 
catch every fleeting moment from every 
angle but believe me, the absolute best 
view will be from your eyes watching 
the sky during totality. Don’t get 
carried away and bogged down with a 
bunch of gadgets, enjoy this mystical 
display of orbital mechanics with a 
friend or a group of people somewhere 
you feel comfortable. The memories 
created during this event will last a 
lifetime, and you will be totally blown 
away as the Moon slowly glides across 
the Sun. 
When totality occurs you will have 

up to a little more than 2 minutes to feast your senses 
during this natural spectacle from the darkening of 
the sky, the increase in wind speed and accompanying 
temperature drop, the background stars becoming 
visible, to the unusual reaction by animals and birds 
around you. Everyone will fall silent as their brains try 
to comprehend the majesty of what’s going on above 

them. You may get a chance to see Baily’s Beads just 
before totality and then witness the massive solar corona 
propelling the solar wind into space. There may even 
be a chance to glimpse a large solar prominence in the 
Sun’s chromosphere if everything works out well. 
Observing the solar eclipse is very easy to do. Don’t 

be frightened by the nutty stories you will hear from 
those unfamiliar with solar astronomy. You will 
need to acquire some proper solar eclipse glasses 
as protection MUST be used at all times outside of 
totality. Even if 1 percent of the Sun is visible, it 
will harm your eyes to look at it directly. The eclipse 
shades will completely protect your eyes as long as 
you wear them. 
Next, I would recommend taking with you whatever 

camera you are comfortable using from a cell phone to 
a high end DSLR. The eclipse is no time to try to figure 
out how to work any new gear. Selfies are good! Take 
lots of selfies with your friends and the eclipsed Sun in 
the background to better remember the adventure. Set 
your DSLR up with proper filtration and take as many 
images/movies as you can but don’t forget to spend at 
least a full minute just looking up at our nearest star to 
enjoy the event the way humans have for hundreds of 
thousands of years.
Please remember to share this event with as many 

people as you can. Maybe you will be the spark that 
ignites a young person to get into science and better 
our world.

Make a fantastic lifelong memory

COURTESY OF Jon Baker/Explore Scientific

The Charlie Bates 
Solar Astronomy 
Project has affiliates 
in 27 countries. 
They provide direct, 
totally free, hands 
on instruction to 
a quarter million 
students per year at 
free events around 
the world. Stephen 
Ramsden has 
been the sponsor 
of and inspiration 
for such big name 
groups as Timmy 
Teescope in New 
Mexico, Astronomy 
Outreach of Kosovo-
AOK, and Pakistani 
Umair Asi’s L.A.S.T. 
in LaHore. For 
more information, 
visit www.
solarastronomy.org. 

It’s not too late to plan for the Aug. 21 total solar eclipse

The narrow path of totality for the Aug. 21st total solar eclipse 
passes through 14 states and stretches from the Pacific Coast 
to the Atlantic Coast. Plan now to get to the path!

https://www.youtube.com/watch?v=mC0SK4h9kPU
www.solarastronomy.org
www.solarastronomy.org
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the STEM zone
By Dr. Daniel Barth

It is NEVER safe to view any portion of the Sun 
with your naked eye — even during all phases of a 
solar eclipse except for the few moments of totality! 
To observe the eclipse safely you either need a pair 
of safe viewing glasses with solar filters (for one 
option, click here), or you need to construct a viewer 

that will let you see the eclipse safely 
without looking directly at the Sun. One 
way to be properly prepared is to build 
an eclipse viewer from a plastic drinking 
cup and a piece of graph paper. 
Technically, we will be making a 

pinhole camera and projecting the image 
of the Sun through it onto a piece of 
paper. When the Sun shines through a 
small round hole, it casts a round spot of 
light. Many people incorrectly assume 
that the spot of light is round because the 
hole is round – this is incorrect! The spot 
of light is round because the Sun itself 
is round!  You can prove this to yourself 

by observing anywhere a tree casts its shadow on flat 
pavement or the side of a building. All the spots of 
light are round – because the Sun is round! (The gaps 
in the leaves are irregular in shape and change as the 
leaves move in the breeze.) Take a look at the photo 
to the right, which was taken during a partial eclipse 
in California. Each spot of light shining through 
the leaves shows up as a crescent – an image of the 
partially eclipsed Sun!
Let’s build our own eclipse viewer!

Procedure: 
1. All that is needed is to push your pin or brad 

through the center of the cup’s bottom. A single, small 
hole is preferred.
2. Hold the cup so that its bottom points directly 

at the Sun and hold your copy paper so that the 
projected image of the Sun falls on it. Keep the cup at 
a consistent distance from the paper. 
3. If you want the image of the Sun to be larger, just 

move the cup farther from the paper

4. As soon as you see the Moon ‘take a bite’ out of 
the Sun’s image - trace the image you see as carefully 
as you can. Note the exact time on your paper.
5. Make a new image every 10-15 minutes. You will 

see the ‘bite’ get larger as the Moon moves to block 
more of the Sun from view. Continue this through the 
entire eclipse event if you can. 

Build your own 
eclipse viewer

What you need: 
• Sturdy plastic 

drinking cup
• Push pin or a 

brad nail
• Several sheets 

of copy paper 
and a notebook 

or clipboard
• Pencils, 

markers, etc.

COURTESY OF Daniel Barth

Activity No. 1 
Find the time of first contact (when 

the Moon first begins to cover the 
Sun) and last contact (when the 
eclipse ends).  Compare these times 
with official data for your area.  How 
accurate were you?

Activity No. 2
Find the time of maximum eclipse 

for your area – this will be the sketch 
that shows the largest area of the Sun 
covered by the Moon.  You can project 
your image 
on fine graph 
paper (1-2 mm 
squares) to 
estimate the 
percentage of 
the Sun’s face 
that is covered 
by the Moon.  
How does 
this compare 
to the official 
estimates for 
your area?

Activity No. 3
Use sticky notes or note cards to 

make smaller copies of each sketch 
that you made. Bind them together 
into a flip-book that shows the 
progress of the eclipse!

What do we learn? 
• Although the total eclipse of the 

Sun is very brief, the entire solar 
eclipse event takes quite a long time – 
sometimes several hours.
• The appearance of the Sun changes 

as more of it is covered – but we do 
not see a change in the light around us 
until most of the Sun is covered. This 
has to do with the way our eyes and 
brain process light.

• When we compare data with 
students from across our area, we 
will find that the farther someone is 
from the path of totality, the smaller 
a portion of the Sun’s face will be 
covered by the Moon. 

o o o 
Dr. Daniel Barth left a career as a 

research scientist to teach. He has 
spent more than 30 years teaching 

astronomy, physics and chemistry 
at the high school and college level. 
A successful science fiction writer, 
Barth is the author of Maurice on the 
Moon, Doomed Colony of Mars and 
other works. He is currently assistant 
professor of STEM Education at the 
University of Arkansas in Fayetteville, 
and author of the Astronomy for 
Educators program.

COURTESY OF Daniel Barth

 Things to do with your solar eclipse data

Math it up! Answer: From first contact to last contact, the Moon must move 1 degree.  Divide this distance by the 
amount of time elapsed between first and last contact. 

Math it up! 
The Moon and Sun 

are both about ½ 
degree wide.  Can 
you determine the 
average speed 
of the Moon in 
orbit in terms of 
degrees per hour? 
See the solution at 
the bottom of the 
page!

https://explorescientificusa.com/collections/sun-catcher/products/solar-eclipse-sun-catcher-sunglasses
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the STEM zone
By Dr. Daniel Barth

The first step to understanding a solar eclipse is 
to understand the Earth-Moon system. Textbooks 
and websites generally do a poor job of this; the 
relative size of the Earth and Moon are often shown 
incorrectly and the scale of the distance between 
them is usually wildly off. 
It is the distance between Earth and Moon that is 

the hardest to show in a text, on a poster or on a 
computer screen. The Moon is about 30 times farther 
away than the Earth is wide – make your drawing 
of the Earth and Moon small enough to show the 
true distance between them and you cannot see any 

features that you can recognize.
Our solution is to have the students 

construct a model of a reasonable size, 
one that will fit in a classroom, and then 
let the children play with that model 
to help them understand the relative 
size – and distance – of the Earth and 
the Moon. You can make this model in 
a couple of sizes, you can decide which 
one is right for your classroom! 
The smaller version uses a rubber 

T-ball for the Earth and a standard glass 
marble for the Moon. This model uses 
7.5 ft of string to connect the Earth and 
Moon together and the model will store 
nicely in a 1-gallon plastic storage bag. 
This size is small enough that you can 
play with it in an empty room or even in 
a school hallway, the Moon’s orbit will 
be 15 feet wide.
The larger version uses a school 

dodgeball (or a basketball) for the Earth 
and a rubber T-ball for the Moon. This 

larger version uses 30 feet of string to connect the 
Earth and Moon and will store nicely in a plastic 
grocery bag. The advantage of the larger size is not 
only that it is more impressive to your students (the 
Moon’s orbit is now 60-ft wide!), but the Moon 
and Earth are now large enough to be painted 
and decorated to make the model more realistic. 
Playing with this model requires an empty cafeteria, 
gymnasium or an open school yard.
This article will take you through making the 

smaller model, but there is really no difference 

between the two except for the balls that you use and 
the length of string.
Materials involved in making the smaller model 

include: classroom paints and brushes, markers 
sidewalk chalk, a 3-inch rubber T-ball, a standard 
glass marble or .75-inch ball bearing, a spool of 
strong twine or string, strong glue or hot glue and 
flat blue spray paint.
In this model, the larger T-ball will be our Earth and 

the marble will be our Moon. Note that the 4:1 size 
ratio between these balls reflects the true scale of the 
size of the Earth and Moon in space! Because there 
is cutting involved, adult supervision is necessary. 

To build the model: 
1. A teacher or other adult should 

cut off 8 feet of cord and tie a large 
knot in one end of the cord. Use a 
hobby knife or small kitchen knife to 
cut an X about half an inch deep into 
the rubber T-ball. Squirt a generous 
amount of super glue into the X, then 
use a screwdriver or popsicle stick 
to force the knotted end of the string 
into the ball. 
If you are using hot glue, force the 

string in first, then force the nozzle of 
the hot glue gun into the hole and fill 
with hot glue.
2. Go outside and use the blue spray 

paint on the T-ball. Use several thin, 
even coats – a heavy coat of paint 
will not look good. Place the ball on 
several large sheets of newspaper – a 
garage is a good place for this. You 
will have to spray one side, let it dry 
thoroughly, then roll it over and spray 
the other side. The final result will be 
much nicer if you take your time with 
this step.
3. Use a drop of super glue or hot 

glue to attach your Moon marble to 
the eraser end of a pencil.
4. Measure the cord and put a mark 

7-feet, 6-inches from the T-ball. Tie 
the pencil with the Moon marble 
attached at this location to show how 
far away the Moon is from our Earth. 
Now that the model is built, it can be 

decorated. Children can try to make 
a “realistic” Earth if they wish with 
all the continents, but they shouldn’t 
worry if their “Earth” doesn’t look a 
thing like our home planet. It won’t 
change how the model works at all! 
The little marble Moon can be 

painted white if possible – a teacher 
or adult can do this with spray paint. 
Once the paint is dry, children can 
decorate it with a marker and draw 
craters on its surface.
Now that our model is built, we can 

do several activities with it, most of 
these require lots of space so it is 
best to use a large open area such as a  
playground or park. 

Earth-Moon model has lots to teach

What you need: 
• Paints and 
brushes, or 
permanent 

markers
• Sidewalk chalk
• 3-inch rubber 

T-ball 
• One standard 

glass marble 
or .75-inch ball 

bearing
• Spool of strong 

twine or string 
• Super glue or 

hot glue
• Flat blue spray 

paint

COURTESY OF L. Eric Smith III
In the smaller version of the model, the Earth is represented by a 
rubber T-ball. In step one of the process, a teacher or other adult 
should cut a half-inch-deep X into the 3-inch teeball using a utility 
knife. 

COURTESY OF L. Eric Smith III

Left, if you are 
using hot glue to 
secure the twine 
to your “Earth”, 
insert the knot 
into the X and 
then have an 
adult insert the 
nozzle to fill the 
space around 
the knot. Below, 
once your Earth-
Moon model is 
complete you 
can use it for 
a number of 
activities. 

COURTESY OF L. Eric Smith III
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The World's 
Largest Refractor

One Person Pass to Yerkes Observatory, 
founded in 1897 by George Ellery Hale 

and financed by businessman Charles T. Yerkes, 
is the birthplace of modern astrophysics.

The observatory changed the face of astronomy 
from being a mere housing of telescopes and 
astronomers to being an integration of optics 
with a laboratory for chemistry and physics. Those 
who worked at Yerkes Observatory represented a 
who’s who of astronomers, scientists, and physics 
icons including Hale, Barnard, Hubble, Einstein, 
and Sagan. Now you can experience for yourself 
the amazing views through the world’s largest 
refractor, the 40-inch, at Yerkes Observatory, 
using Explore Scientific Waterproof Eyepieces.

Every month during the year, on select 
weekday and weekend evenings, Yerkes 
Observatory offers observing sessions 
with the “Great Refractor”, the 40-inch 
Refractor Telescope, the largest refracting 
telescope in the world, weather permitting, 
for participants who are age 10 and older.

Explore Scientific eyepieces are 
used for Yerkes Observatory 

outreach programs

explorescientificusa.com

Activity No. 1:
Have an eclipse!

1. For this activity, you will need your 
Earth-Moon model, and another marble 
glued to the eraser end of a pencil to 
represent the Sun. We use a marble for 
both the Moon and Sun because the 
two objects appear to be the same size 
in our sky.
2. The person who holds the Earth is 

the observer. The person who holds the 
Sun stands 6 feet beyond the Moon and 
tries to hold the Sun model as still as 
possible.
3. The person who holds the Moon 

tries to move the moon-marble 
smoothly so that it passes exactly in 
front of the Sun allowing the Earth 
observer to see an “eclipse.” The Earth 
observer is allowed to give directions 
— “a little higher”, “too low”, etc.
4. Let groups of three try this activity. 

How many tries will it take your team 
to make an eclipse where the Moon 
model completely blocks out the Sun 
model?

What do we learn?
• The Moon’s orbit is tilted a bit (just 5 

degrees.) This small tilt means that the 
Moon is usually a little above or below 
the Sun as seen from here on Earth – 
that makes eclipses very rare!
• The Moon’s orbit carries it in front of 

the Sun, blocking out the light during 
an eclipse. Many people think that the 
Sun moves behind the Moon. In fact, 
this is not true. It is the Moon’s orbital 
motion that carries it in front of the Sun 
during an eclipse.
• An eclipse is very brief. Because the 

Moon and Sun both appear quite small 
from Earth (about ½ degree wide) the 
eclipse does not last very long. The Sun 
is blocked for just 2-3 minutes during 
most eclipses!

Activity No. 2
The Moon’s Orbit in Motion

1. On a paved area outside, have one 

person hold the T-ball Earth in one 
place. Another person with a piece of 
chalk uses the string attached to the 
model to draw a circle on the ground 
– this is the Moon’s orbit. Notice how 
small the Moon is compared to its 
orbit!
2. Cut a piece of string 20½ inches 

long. Lay this string along the big circle 
as a measure and put a mark on the 
Moon’s orbit every 20½ inches. Count 
how many sections you have divided 
the Moon’s orbit into. 
3. There should be 28 divisions – 

and the Moon takes 28 days to orbit 
the Earth. What does each division 
represent? It shows how far the Moon 
moves in orbit each day!
4. Pick one marked point and use the 

chalk to label it “New Moon.” Pick the 
point directly across the circle and label 
it “Full Moon.” How many days does 
it take to go from full moon to new 
moon? It should be 14 days between 
full and new Moon.
5. Teachers and parents can challenge 

children to plan an investigation to test 
their model of the Moon’s orbit. Can 
they carry out this investigation on their 
own and prove the model’s predictions?

Students might observe the Moon in 
their own back yard and count the days 
from new to full moon, or they might 
look up a calendar that shows moon 
phases and count the days between full 
and new Moon in several months.

What do we learn?
• The Moon does, in fact, move in 

orbit around the Earth. We are all 
told this, but few students have the 
opportunity to make a model and play 
with it to see this fact in action for 
themselves.
• The Moon moves at a relatively 

steady pace in orbit, covering about the 
same distance each day. This orbital 
speed determines how long it takes to 
get from full moon to new moon, and 
the approximate length of a month in 
our calendar year.

Activity No. 3
Fly Me to the Moon!

(This works best on a flat classroom or 
gymnasium floor.)
1. Use the string and place the Moon 

marble on the floor at the correct 
distance from the Earth model.
2. Participants kneel by the Earth 

model and tries to roll another marble 
across the floor to hit the Moon marble.

What do we learn?
As simple as this fun activity/game 

seems, the challenge will be to stop the 
children once they begin.
• Hitting a very distant target with a 

small projectile is very difficult! Have 
the children keep score to see how 
many attempts did it take for them to 
“land” on the Moon?
• Ask your students to remember that 

the real Moon is not stationary – it is 
moving quickly in orbit! The Earth 
doesn’t stay still either, it is spinning 
quickly on its axis when you launch 
your Moon rocket. It takes a great deal 
of calculation and precision to launch 
a rocket from Earth and have it land on 
the Moon!

 Things to do with your Earth-Moon model:

Math it up! 
1. The Moon’s diameter is 3,475 km. 

The Sun is 1,390,000 km – about 400 
times larger. How can the Sun and 
the Moon appear to be the same size 
in our sky?
2. The Moon is about 385,000 km 

away from the Earth (this is the orbital 
radius). What is the circumference of 
the Moon’s orbit?
3. If the Moon orbits the Earth in 

about 28 days, what is its average 
speed in orbit? 
See the solutions at the bottom of 

the page!

Math it up! Answers: 1. The Sun is 400 times farther away from the Earth than the Moon. The ratio of sizes and the 
ratio of distances are the same (400:1) so the two bodies appear to be the same size to us! 2. Use Circumference = 2 π r.  
The circumference of the Moon’s orbit is 2,417,800 km. 3. Use Speed = distance / time. The Moon’s orbital speed is 86,350 
km per day – that is about 3600 km/hr or one km every second!

https://explorescientificusa.com/collections/destinations-and-experiences/products/yerkes-40-inch-refractor-experience


By DAVID H. LEVY
Sky’s Up Editor in Chief

The evening before the Saturday, July 
20, 1963, eclipse was hazy and humid 
in Montreal, Canada. I had just arrived 
home from where I was living at the 
time, the Jewish National Home for 
Asthmatic Children in Denver, Colo. 
I was enjoying dinner with Mom and 

Dad and their friends Leo 
and Leona Kirschberg. A 
first rate ophthalmologist, 
Leo was trying to ensure 
that we would be careful 
with eye protection and not 
go blind during the eclipse. 
“There is nothing in nature 

that compares to the speed 
of the sky darkening at the 
onset of a total eclipse of the 
Sun,” I said to him.
“How about a rapidly 

approaching thunderstorm?” 
he countered.
I then argued that at the 

moment of totality, when 
all of the Sun’s photosphere 
is covered by the Moon, 
it should be perfectly safe 
to look at the Sun with 
unprotected eyes. I was 
young and inexperienced, 

and even then I knew when it was not 
safe—and when it was safe—to look at 
the Sun during an eclipse.
The next day, Mom, Dad and I 

proceeded to a spot not far from 
Thetford Mines in southeastern 
Quebec. There we saw the partial 

stages of the eclipse intermittently as 
thickening clouds passed by. As the 
crescent Sun shrank to a sliver of light, 
Dad said a prayer to “give my son a 
break,” and then added, “a break in the 
clouds.”
Apparently his prayer was answered. 

The line of light turned into a single 
point—the diamond ring, and then the 
Sun’s corona came out. Because the 
Sun was nearing the minimum of its 
11-year activity cycle, the corona was 
almost circular around the Sun. It was 
my first total eclipse of the Sun, and it 
was a powerful experience I will never, 
ever, forget. 
In a few months, Wendee and I will 

try to see the same eclipse again. 
Eclipses occur in cycles called saros 
series, and the 1963 eclipse belonged 
to Saros 145. The eclipse this August 
will also be a part of Saros 145. Each 
saros lasts for 18 years, 10.3 days. The 
third of a day means that the following 
eclipse, in 1981, took place a third of 
the way around the world, in Russia. 
The one after that (which I also saw) 
took place in Europe and across the 
Atlantic. I saw it from the Atlantic 
Ocean south of Nova Scotia. This year 
the eclipse returns to a place close to 
where it was in 1963. The path has 
come home, and this circumstance is 
called an exiligmos. 
Wendee and I will be in Madras, Ore. 

I hope you will all be somewhere along 
the narrow path of totality to witness 
this unique event, one of Nature’s most 
stunning gifts.

46 Sky’s
Up

on the road with David Levy

The line of light 
turned into a single 

point—the diamond 
ring, and then the 

Sun’s corona came 
out. Because the 
Sun was nearing 
the minimum of 

its 11-year activity 
cycle, the corona 

was almost circular 
around the Sun. It 
was my first total 

eclipse of the Sun, 
and it was a powerful 

experience I will 
never, ever, forget. 

What goes around, comes around
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What will you discover? 
866.252.3811

Small worlds.

Connect with Explore Scientific.

Telescopes

     

Binoculars

Other worlds.

Our world.

Microscopes

https://explorescientificusa.com/
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meet 
the 

Moon
It’s a steady presence in all of our lives, but few people take the time to 

truly get to know Earth’s closest neighbor.
In this recurring feature, accomplished astronomer and astrophotographer 

Dr. Howard Eskildsen will take readers on a quadrant by quadrant journey 
across the luminous face of the Full Moon. 
Through his images and words, Eskildsen will explore the legions of 

geological formations that give the Moon its distinct personality. His in-
depth information will give context to the features that pop to life when one 
views our oft romanticized satellite through a telescope or other optical aid. 
Over the next few pages, the impacts of volcanoes, meteors and other forces 
will be revealed in detail. 
 From its contribution to our tides to the artistic inspiration it provides, the 

Moon’s influence on Earth is profound, and it deserves a deeper look.

“The Moon is a wonderful friend and companion 
to the Earth and its residents. Hardly a day goes 
by that someone does not hear me say, ‘Oh! Look 
at the Moon.’ It is like Earth’s little brother, and a 
rocky soul mate to all who dwell here.”

— Howard Eskildsen



Mare Serenitatis, the sea of serenity, lies 
peacefully on the face of the Moon as it has for 
billions of years, truly serene with nearly nothing 
happening since last layers of lava covered its 
floor. See the paltry few craters on its interior? 
That is nearly all that visibly happened to it in 
more than 3 billion years; quite serene, almost 
to the point of boredom. Perhaps that is why so 
many minuscule craters in this area have names, 
whereas they would have been ignored in the 
Southern Highlands where craters abound. 
But it wasn’t always that way; once it 

likely was as rugged as the Moon’s Southern 
Highlands, but a powerful impact around four 
billion years ago annihilated all pre-existing 
craters and left the huge basin now known as 
Mare Serenitatis. Originally, it probably had 
multiple rings that survived for a time but were 
then erased by subsequent basin-forming impacts 
or covered with lava flows. Its only clear ring 
remnant is the Montes Haemus, which likely 
rivaled the Apennine Mountains in the distant 
past, but now sits scoured and partly buried in 
Apennine tailings. 
A close look at the Montes Haemus shows rounded, 

rutted mounds northwest of Menelaus, with less evidence 
of devastation to the east of Menelaus since that part 
was farther from the Imbrium impact. On Earth, such 
degradation and wearing down of massive ranges took eons 
of glaciation and erosion, but on the Moon the violence of 
the moment took but minutes to hours as blasted material 
seethed over the terrain and then later settled while the 
Moon continued shaking with seismic tremors for days 
afterwards.  
The impacts that created the basins also left deep cracks 

that traveled downward and provided conduits for lava 
to rise to the surface and spread across the basin interior. 
Gradually the solidified basalt accumulated to the point 
where its weight caused the center to sink relative to the 
surrounding areas. This subsidence created cracks around 
the margins of the mare, known as arcuate rilles. A few 
of these rilles are visible on the image; Rimae Sulpicius 
Gallus, Rimae Menelaus and Rimae Plinius are examples.
More lava arose over eons, adding further basalt layers 

over the floor of Serenitatis, covering most but not all of 
the earlier layers. Note the dark area around Promontorium 
Archerusia and Rimae Plinius; these are remnants of the 
oldest visible basalts in the basin and are high in titanium. 

They are thought to be 3.7 to 3.8 billion years old. 
Subsequent flows settled to the sunken center of 
the basin and as it solidified, the basin sank further 
causing compressive stress on the interior of the 
mare. Small ridges, known as dorsa or wrinkle 
ridges, are overthrust faults that formed to relieve 
the compression stresses. The youngest lava layer is 
believed to be about three billion years old, which 
means the volcanic activity persisted for 700-800 
million years. That is longer than it took complex 
life to evolve on Earth from simple life forms!
Since that time very little else has happened that 

can be seen through a telescope. A few craters such 
as Menelaus and Bessel appeared in addition to a 
handful of otherwise insignificant craters. Bessel 
is notable primarily for the ray named after it even 
though it had nothing to do with the origination 
of the ray. Some have surmised that it is a streak 
ejected from Tycho more than 2,100 kilometers 
to the southwest, while others believe it may have 
originated from some fresh crater to the northeast. 
Another one-time source of confusion was the 

crater Linné, a diminutive dot on the upper portion of the 
image. It was once thought to have disappeared and been 
replaced by a brilliant white patch. While it caused quite a 
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Mare Serenitatis: The serene sea
— Images and text provided by Howard Eskildsen

stir, as any such discovery today would, it turned out to be 
a result of varying illumination of a tiny, young crater at the 
limit of Earth-bound telescopic visibility.
So, Mare Serenitatis serenely awaits repeated discovery by 

telescopic tourists. It’s peaceful now, but it was not always 
so serene. Its face has gazed sedately towards Earth for 
eons before our kind came into existence on Earth, and will 
continue, perhaps, after we are all long gone. 



the only source of flows from the 
plateau. These various smaller rilles 
are collectively known as Rimae 
Aristarchus and are marked with 
Roman numerals on the image. All 
are much smaller than the valley, but 
note the apparent fossil flow-channel 
remnant that is unofficially named 
Fossa Caruso near the end of rima 
VIII. This appears to have been an 
outflow channel that was eventually 
blocked and partly flooded by 
subsequent flows. Its source has been 
obscured, but it makes one wonder 
what, if any, connection it might have 
had with Vallis Schröteri. 
Long after the volcanic fires died 

out, a huge space rock crashed on 
the southern margin of the plateau 
and created the name-sake crater 
Aristarchus. This 40-kilometer crater 
is thought to be around 500 million 
years in age and is the brightest area 
on the moon. It is readily visible to 
the naked eye and even notable during 
lunar eclipses or in the Earthshine on 
the dark side of the terminator during 
the crescent phases of the Moon. 
Ironically it is located next to one of 
the darkest areas of the moon. Its rays 
scatter about but are hard to see on the 
plateau. On its interior, two distinct 
types of dark basalt are visible as well 
as bright anorthosite in the central 
peak. Radial bands can be seen within 
the crater at high sun angles, and 
an especially bright ray plume from 
Aristarchus drapes across the floor of Herodotus. 
In contrast to Aristarchus, Herodotus looks tired and worn 

with its central peak buried in basalt that partly fills the crater. 
Faring even worse, the crater Prinz has much of its rim buried 
as well. Had volcanic activity continued much longer Prinz 
might have been totally obliterated.
North of the plateau the strange Montes Agricola forms a 

thin linear ridge unlike most other ranges on the Moon, which 
are usually arcuate rather than linear. I know of no official 
explanation for its morphology, but it does remind me of 
buckling seen on Earth where one plate pivots against another 
like a hinge. 
The whole area is a place of wonder with its complex 

structure, history and appearance. Its startling landforms, and 
changing appearance as the sun-elevation changes, entices the 
observer to return again and again to this wonderfully unique 
plateau.

If any area of the Moon could 
be considered unique, this is 
the place, a strange, crustal 
block thrust upward by some 
catastrophic event, possibly the 
Imbrium impact. Measuring 
170 by 200 kilometers, it rises 
as much as 2,000 meters above 
the surrounding mare basalts 
of Oceanus Procellarum. It is 
bounded by the Aristarchus 
Crater on the south and by the 
Montes Agricola to the north 
and is covered with low hills. It 
is darker than the surrounding 
maria in visible light as well as 
in ultraviolet light, and radar 
reflection studies show its surface 
to be smoother than other areas 
of the Moon, implying that it 
is nearly devoid of rocks and 
boulders. Multiple rilles that 
radiate in various directions once 
belched lava from reservoirs deep 
below the surface.
Vallis Schröteri (Schröter’s 

Valley) is the most notable rille. 
It winds for 160 kilometers from 
the origin, known as the Cobra 
Head, to the plains of Procellarum, 
and is by far the largest rille on 
the Moon. It is nearly 10 km wide 
near the Cobra Head and, at its 
peak activity, may have gushed 
forth between 10 million and 
10 billion kilograms of molten 
basalt every second. If so, it could 
have covered the entire Oceanus 
Procellarum to a depth of 200 
feet. Later lava flows from a different source cover 
significant portions of lava from Schröteri, so its actual 
extent is not known. 
These massive flows were accompanied by fire-

fountains spewing glass beads that spread over the 
plateau, coating it with tens of meters of volcanic ash 
and producing the unusual surface smoothness. It also 
may account for the unusual color noted at various 
illuminations. Near full moon it has been described 

as mustard-colored, ruddy or even olive in color. 
Other curious sightings in recent times have raised 
the question of further eruptions or haze emanating 
from the valley. While any active volcanism has been 
essentially ruled out by thermal studies, Apollo 15 did 
detect radon gas in the region, presumably produced 
from the decay of uranium and thorium, which may 
have escaped through fissures from beneath the 
surface.   
Other rilles show that Schröter’s Valley was not 
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Aristarchus Plateau: The fire within
— Images and text provided by Howard Eskildsen
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the art of astronomy

Top, this image of the July 11, 1991, total 
solar eclipse in Baja, Mexico, was taken with 
a Borg 4” refractor. Above, Newton’s first 
total solar eclipse was  March 7, 1970, in 
Oaxaca, Mexico. This image of the diamond 
ring was taken with a 450mm telescope. 
Right, this image of a partial eclipse of the 
setting Sun was taken from the Observatory 
B&B in Osoyoos, British Columbia.

Solar Eclipse

Astrophotographer: Jack Newton
The Sun

the art of astronomy

Astrophotographer: Jack Newton

55Sky’s
Up

The tumultuous 
personality 
of our star 
resonates in 
this photo by 
Newton. He 
captured this 
image using 
a Coronado 
SolarMax II 
90mm double 
stack solar 
telescope with an 
H-alpha filter and 
a DMK 31 AUO 
CCD camera. It 
was processed 
with Registax. 
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the art of astronomy

Astrophotographer: Gary Palmer
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Up

the art of astronomy

Astrophotographer: Gary Palmer

The Sun
These images are portraits 
of the Sun in the Hydrogen-
alpha and Calcium-K 
wavelengths of light. Above, 
in this image from Feb. 20, 
2005, active regions 735 
and 736 churn the Sun 
and explode producing 
an extraordinary coronal 
mass ejection off the 
western limb. Right, this 
image from July 2, 2006, 
shows active region 898 
and a prominence. Solar 
astrophotographer Gary 
Palmer says when it comes 
to solar imaging, a steady 
atmosphere is key. For more 
of his work, visit www.
thesuninmotion.com or 
http://1-au.com/.

The Sun
On Aug. 8, 2005, a Calcium-K Sun featuring active regions 792, 794 and 795 rises in the east and creates a beautiful backdrop 
for this black bird perched comfortably on a tree top.

http://1-au.com/
http://www.thesuninmotion.com/
http://www.thesuninmotion.com/
http://1-au.com/
https://exploreone.com/collections/national-geographic
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With a universe of options to explore, it can be difficult to track what awe-inspiring treasures are visible in your sky each month. To 
help guide your explorations throughout the year, Sky’s Up is providing the following collection of seasonal star maps created by 
noted celestial cartographer Wil Tirion. Based in The Netherlands, Tirion has been crafting stars maps since the 1970s and became 
a professional uranographer shortly after the publication of his highly regarded Sky Atlas 2000.0 in 1981. To learn more about Tirion 
and his work, click here. 

the key to your sky
created by Wil Tirion

lunar calendar
created by Howard Eskildsen

http://www.wil-tirion.com/
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COURTESY OF Fred Espenak, MrEclipse.com

Renowned eclipse expert Fred Espenak captured the March 29, 2006, total solar eclipse in this matrix of 165 images, taken every 60 
seconds throughout the event. The diamond ring sequence at each contact is included while the corona has been computer enhanced 
to show subtle details and prominences. Espenak imaged the eclipse from the Libyan desert. For more information, click here. 

http://mreclipse.com/MrEclipse.html
http://www.mreclipse.com/SEphoto/TSE2006/TSE2006galleryE.html

